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ABSTRACT 

Retarding potential analyzer and cylindrical Langmuir probe measuremente were taken on the 
laboratory model NASA-173Mv2 to improve understanding of the physical processes 
affecting IMl tihruster performance at high specific impulse. A retarding potential analyzer 
was used to measure the ion voltage distribution at voltages of 300-800 V. A cylindrical 
Langmuir probe -was also used to obtain the local pl^ma potential so that the true ion voltage 
was obtained. The goal of the experimentB was to provide information on the ionization and 
acceleration processes internal to the thruster as a fimction of discharge voltage and magnetic 
field. The results have shown that flie ratio of ion energy to discharge voltage and the width of 
fte ion voltage distribution bofli incre^ed with discharge voltage. This implied that the 
primary ionization zone was growmg in axial extent and moving closer to the anode as the 
discharge voltage increased. 

I. INTRODUCTION 

As used for spacecraft applications in 
Earth orbit such as station-keeping, orbit-raising, 
and orbit-transfers, tiie xenon-fheled Hall thruster 
is generally regarded as a 1600 second specific 
impulse (Isp) device that operates at discharge 
voltages of 300 V. Mission studies have shown 
though that moderate increases in the Isp of IMl 
tibrusters to the 2000-3000 second range can 
enhance or enable a number of Earth-orbital and 
interplanetary missions." 

The NASA-173M series of labor^x»ry- 
model Hall thrusters were conceived to understand 
the design challenges and physical mechanisms 
determining performance in the 2000-3000 second 
range of Isp.^"'° The basic philosophy underlying 
their design was that changes to tie magnetic 
field topography would be reqmred for efficient 
operation above 300 V. Advanced magnetic 
circuitB allowing for in situ variation of the field 
topography were therefore incoiporated into each 
thruster. The NASA-173Mvl, built jointly by the 
University of Michigan and the NASA Glenn 
Research Center (GRC), established the validity of 

this approach.^"* In a performance study at low 
current densities, changes to the magnetic field 
topography at high-voltage were shown to be 
critical to achieving efficient operation.* The 
fi>llow-on design developed at GRC, the NASA- 
173Mv2, was fabricated to incorporate design 
improvements suggested by its predecessor. A 
performance mapping of the 173Mv2 at several 
current densities estabhshed that efficient 
oper^on in the 2000-3000 second range of Isp 
was possible if a minimum current density was 
maintained and the magnetic field topography was 
properly shaped.' 

Design and experiment has estabhshed the 
feasibility of operating Hall thrusters efficiently at 
high-Isp. A need exists, however, to estabUsh a 
more fimdamental relatiomhip between the 
thruster design and the microscopic plasma 
properties so that higher-fideUty thrusters can be 
engineered. This is necessary to fiirther improve 
performance, establish an understanding of 
hfetime, and enable integration with spacecraft. A 
comprehensive series of plasma diagnostics have 
therefore been deployed on the NASA-173Mv2 to 
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improve b^ic understanding of the pl^ma 
characteristics. Previous studies have considered 
plume divergence, pl^ma oscillations, intenml 
floating potential, and veiy-near-field ion current 
density.'-" 

In the present work, a retarding potential 
analyzer was used to measure the ion voltage 
distribution of the NASA-173Mv2 on thruster 
centerline, two metere downstream of the exit 
plane, at a constant xenon flow rate of 10 mg/s and 
voltages of 300-800 V. A cylindrical Langmuir 
probe was also used to obtain the local pl^ma 
potential so that the true ion voltage was obtained. 
The goal of the experiments was to provide 
information on the ionization and acceleration 
processes internal to the thraster as a function of 
discharge voltage and magnetic field. The results 
have shown tiiat the ratio of ion energy to 
discharge voltage and the width of the ion voltage 
distribution both increased with discharge voltage. 
This impUed that the primary ionization zone was 
growing in axial extent and moving closer to the 
anode as the discharge voltage increased. 

II. EXPERIMENTAL APPARATUS 

The hardware used in these experiments 
were identical to those used in the performance 
and plume characterization described in Ref 9. 
This includes the thruster, power electronics, 
vacuum fecility, and how the thruster was 
mouirted in the vacuum fecility. Hie only changes 
were the addition of the langmuir probe and 
retarding potential analyzer. 

A. NASA-173Mv2 Hall effect thruster 

The laboratory model NASA-173Mv2 is a 
5 kW-ctes Hall thruster that h^ a discharge 
chamber outer diameter of 173 mm (Figure 1; see 
Ref 9 for a detailed description). A fixed 
structure of magnetic poles pieces, an iimer coil 
(IC) and an outer coil (OC) are used to form the 
primaiy magnetic circuit. Fine control of the 
magnetic field is provided with an internal trim 
coil (ITC) and an external trim coil (ETC). The 
rrC primarily affecte the radial magnetic field in 
the discharge chamber, while the ETC affects the 
magnetic field downstream of the exit plane and 
near the cathode. Operation without the ITC or 
ETC is referred to as "+IC, +OC," mining that 
only the IC and OC were used. The symbols "+" 

or "-" indicate the polarity of a coil, where 'V 
ad(b and "-" subtracts fi-om the magnetic field. 

Figure 1 - Photograph of the NASA-173Mv2 HaH 
thnister. 

Figure 2 shows the total specific impulse 
and total efficiency of the NASA-173Mv2 at 10 
mg/s versus discharge voltage. The date is from 
the performance characterization of Ref 9. The 
Isp and efficiency include cathode flow and the 
efficiency also includes the power to operate the 
magnets. Isp and efficiency ranges from 1600- 
3400 seconds and 51-61%, respectively, over the 
voltage range of 300-1000 V. Trim coils always 
improved efficiency by 1-2%. 

The plasma discharge was powered by a 
matehing pair of commercially awilable power 
supplies wired in series that provided a 1200 V, 16 
A output. The discharge filter consisted of a 100 
pF capacitor in parallel vwth the supply outputs. 
Other commercially available power supplies were 
used to power the magnet coils and the cathode 
heater and keeper. The hollow cathode w^ a 20 
A laboratory model febricated at GRC and 
positioned above the thruster (see Figure 1). 

Xenon (99.999% pure) was supphed 
through stainless steel feed lines with 20 and 200 
seem mass flow controllers. The controllers were 
calibrated before the experiments using a constant- 
volume metiiod. The estimated uncertainty of the 
cahbrations was ±0.7% for the anode and ±1.4% 
for the cathode. 
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Figure 2 - Total specific impulse and efficiency 
veraus discharge voltage of the NASA-173Mv2 at 10 
mg^s (from Ref. 9). 

Thruster telemetry was acquired using a 
22-bit datalogger. The DC accuracy of the unit, ^ 
reported by the manufecturer, is 0.004%. 
However, calibration of each channel using digital 
multimetere incre^ed the uncertainty to ±0.05% 
for voltage and lfl.2% for cxurent. 

The thruster was operated for four hours 
after initial exposure to vacuum conditions to 
allow for outgassing of the chamber walls. Upon 
subsequent thruster shutdowiK and restarts or a 
change in the disclmrge voltage, the 173Mv2 was 
operated for at le^t 30-60 minutes before data was 
acquired. This allowed enough time for the 
discharge current to reach a steady-state value. 

B. Vacuum facility 

All experiments were conducted in 
vacuum fecility 12 (VF12) at GRC. VF12 is a 
cylindrical, stainless steel chamber 3.0 m in 
diameter by 9.6 meters in length. The fecility is 
cryogenically    pumped    and    backed    by    a 

turbomolecular pvmp for removal of low 
molecular weight ^ses tiiat are not pumped by the 
cryosurfeces. The thruster was mounted on Ihe 
thriKt stand described in Ref 9. The Ihrast stand 
was locked down and wm not used for tiiese 
ejqjerimente. In thk position, the Ihruster was near 
liie chamber's centerline on one end of the fecility 
and fired 8.9 m down the length of Uie tank toward 
tile pumps, which are located along the back Mf 
of the ctenber. A hot-calhode ionization gauge 
w^ moxmted 0.4 m below the vertical chamber 
centerline, 5.2 m downstream from the Ihruster. 
Pressure measurements were corrected for xenon 
using the b^e pressure on air and a correction 
factor of 2.87 for xenon. For xenon flow rates of 1 
and 10 mg/s tiirough the anode and cathode, 
respectively, the pressure was 4.6x10 Torr, after 
correcting for xenon and the b^e pressure on air, 
which -was 1.0x10"' Torr. This corresponded to an 
average xenon pumping rate of 340,0001/s. 

C, Cylindrical Langmuir probe 

A cylindrical Langmuir probe w^ used to 
estimate the ptema potential (Vp) with respect to 
facility ground near Ihe location of the RPA. As 
described in Ihe next section, Vp wm needed to 
obtain the true ion voltage. The me^urements 
were taken during other experiments with an ExB 
probe. 

The Langmuir probe had a diameter of 
1.60 mm and a length of 16.5 mm. The length of 
tiie probe was aligned parallel to the ion flow, with 
the mid-point located 2 m downstream of the 
thruster exit plane and 62 mm radially from 
thruster centerline. The estimated uncertainty in 
the pl^ma potential because the Langmuir probe 
w^ not on centerline (where the RPA was actually 
located) w^ less tiban one volt." 

Hie magnetic field leaking from the 
permanent magnets in the ExB probe was on the 
order of a few Gajiss. This was sufficiently small 
that tiie magnetic field could be neglected in tiie 
analysis of Ihe probe characterstic. 

The plasms, potential w^ found from the 
maximum ia the first derivative of the electron 
current. This method is convenient because it is 
easily automated in the data analysis, but tends to 
underestimate Ihe plasma potential when 
compared to graphical analysis using curve 
fitting.*^     Comparisons  between the  different 
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methods on a few test c^es showed that the 
derivative method was comistently lower than the 
graphical method by a value on the order of a volt. 

Considering all sources of error described 
above, the uncertainty in the plasma potential was 
estimated to be +2/-1 V. 

D. Retarding potential analyzer 

The retarding potential analyzer (RPA) 
allows the collection of selectively filtered ions by 
applying a retarding potential across an inlet grid. 
The RPA acts as a high-pass filter, that is, for a 
given grid potential, only ions with energy to 
charge ratios p/q) greater than the grid voltage 
pass and reach a collection electrode. The 
derivative of the resulting current-voltage 
characteristic, dFdV, is proportional to the ion 
voltage distribution: 

dl       qfe\.A^ 
dV m. 

/r) (1) 

(where qi is the charge-state of the ion, e is the 
elementary charge, ni is the ion density, Ac is the 
probe collection area, mi is the ion mass, and tfY) 
is the ion voltage distribution fimction)." Note 
ihst the RPA measures the ion energy distribution 
only if the plasma is composed of ions of the same 
mass and charge. This is not the case for Hall 
thrusters, which for 300 V discharges are known 
to be composed of 7-11% Xe2+ and <1% 
Xe3+."'" As a result, the RPA me^ures the ion 
voltage distribution fimction when used with IMl 
thrusters. 

The RPA used in these experiments was 
b^ed on the multi-gridded energy analyzer design 
of Hutchinson.'* It is composed of three grids and 
shown schematically in Figure 3. The outer body 
of tiie RPA is constructed of 316 stainless steel 
(SS) tubing, which was held at ground potential. 
A phenohc sleeve placed inside the body provides 
electrical isolation of the grids. All grids are 
identical and are cut fi-om 316 SS, 
photochemically machined sheet with a thickness 
of 0.005" ITie grid openings are 0.011" diameter 
with a total open area fi-action of 38%. Grid 
spacing is achieved using machinable gl^s-mica 
ceramic washers, febricated to provide the correct 
separation distances. The collector is a copper 
disk. Electrical connections are ^x;omplished by 
spot welding stainless steel wire to each grid. The 

wires are then routed along the inner edge of the 
phenohc sleeve and out the rear of the body. The 
washers and grids are fixed in place by a spring 
placed behind the collector and fixed in pkce by a 
rear cover. Relevant dimensions are summarized 
in Table 1. 

Grid 1 - Floating 
Grid 2 - Electron Repelling 

Grid 3 - Ion Retarding 

Copper Collector 

Phenohc Sleeve 

Stainless Steel Boify 

Macor Insulator 
Washers 

Mgnre 3 - Schematic of the RPA 

Table  1  -  KPA  washer thicknesses  and  inner 
diameters. 

W^her Thickness LD. 

1 0.038" 0.733" 
2 0.132" 0.851" 
3 0.068" 0.853" 
4 0.257" 0.842" 
5 0.257" 0.845" 

During operation, grid 1 floated to 
minimize perturbation between the probe and 
ambient pl^ma while grid 2 was bi^ed -30 V 
below ground to repel incideirt electron. Grid 3 
was swept over voltages ranging from 0 to 1100 V 
relative to ground using a sourcemeter. TTie ion 
current to the collector was me^ured using a 
picoammeter.  Figure 4 shows the RPA electrical 
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schematic. 

Grid 1 -Floating 
. Grid 2 - Electron Repelling 

,Grid 3 - Ion Retarding 

^ Copper Collector 

(A)„ 

O-llOOV"^ 

Kcoammeler 

Kgare 4 - RPA electrical schematic. 

The RPA me^ures the ion energy-to- 
chaige ratio (i.e., the ion voltage) with respect to 
facility ground. As shown in the potential diagram 
of Figure 5, die true ion voltage (Vtree) is obtained 
if the plasma, potential is subtracted from the 
measured value (V^a)- 

V    =V ■F. (2) 

It is also convenient to define the loss 
voltage (Vioss) as the difference between the 
discharge voltage (Va) and true ion voltage. 

V, loss ■V,-V._ (3) 

In Ref 15, the ion voltage distributions 
measured by Ihe RPA were compared to a 45° 
parallel-plate electrostatic energy analyzer (BSA) 
by Beal, et al. These experiments were conducted 
0.5 m dowiKtream of flie BHT-200-X3 IMl 
thruster ss a function of angular position. Figure 6 
compares the distributions measured by the RPA 
and the ESA on thruster centerline. Voltage was 
measured witti respect to fecility ground. TTie 
peak ion voltage measured by the two diagnostics 
Vim found to agree within 8 V for a 220 V 
discharge, or 3.6%. As stated by the authors, flie 
peak ion voltage should be more accurate because 
it is much less sensitive to instrument 
misalignment than the ESA. The wide disparity 
between the wicfth of the distributiom from the 
two diagnostics is thought to be due to instrument 

broadening. The acceptance angle of the ESA was 
4" compared to 45° in the RPA. As a result, the 
width of the ion voltage distribution is more 
accurate in the ESA. 

r 

V, < 

^Vcfl- 

Anode ^ 

^v, ipa 
>Vfr 

Plasma 
Ground   -^ 

Cathode 
Vic 

Hpire 5 - Potential diagram showing the 
relationship between the measured quantities (¥,,,, 
Vp), the tme ion voltage Qf^, and the loss voltage 

0 100        200 300        400 500 600 
Energy/Chaige ^ 

Mpire 6 - Ion voltage distributions measured with 
the RPA and a parallel-plate ener^ analyzer on the 
centerline of the BHT-200-X3, 0,5 m downstream of 
the exit plane, (from Ref. 15) 

III. RESULTS 

Langmuir probe and RPA me^urements 
were taken during separate testing periods widi the 
thruster operating sA an anode flow rate of 10.0 
mg/s and a cathode flow rate of 1.0 mg/s. 
Langmuir probe measurements tested discharge 
voltages of 300-1000 V, while the RPA 
measurements spanned disctorge voltages of 300- 
800 V. A grid short with the RPA ended testing 
prematurely at 800 V. At each discharge voltage, 
the effects of the magnetic field were evaluated by 
operating at several different combinatioiB of the 
thruster coils. These were without the trim coils 
(+IC,+OC), with the internal trim coil (-ITC), with 
bofli die internal and external trim coils, (-ITC,- 
ETC), and with the external trim coil (-ETC). 

-5- 
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Thruster telemetry for both test series are tabulated 
in the appendix. 

A. Plasma potential 

Figure 7 plots the plasma potential with 
respect to facility ground versus the discharge 
voltage for several magnetic field configurations. 
The plasma potential was found to increase by 
three volts as the discharge voltage increased from 
300-1000 V, regardless of the magnetic field 
conjBguration. It was found that operating the 
ETC dropped the plasma potential by 1-2 V at 
each discharge voltage. The ITC had no effect on 
the plasma potential. The plasma potential data 
was used to correct the RPA ion voltage 
distributions so that the trae ion voltage could be 
computed. 

500 600 700 ; 

Discharge Vdtage (Volts) 

900 

Figure 7 - Plasma potential versus discharge voltage 
for several magnetic field configurations, two meters 
downstream from the thruster exit plane. The 
external trim coil (ETC) lowered the plasma 
potential by 1-2 volts. 

B. Ion voltage distribution 

At each discharge voltage and magnetic 
field, three sweeps of the ion retarding voltage 
were performed with the RPA. The I-V curves 
from the RPA were found to be highly repeatable. 
Figure 8 shows the raw data from voltage sweeps 
when the inner and outer coils where energized 
(+IC, +OC). Except for 800 V (where a grid short 
occurred after one sweep), each curve in Figure 8 
consists of the data fi-om three separate sweeps. 
Before differentiating the data to obtain the ion 
voltage distribution, the data from each sweep 
were averaged together. 

400     600     600     700     800     SOO    1000   1100 
Retanjing Voltage [Vdts| 

Figure 8 - Ion current versus retarding voltage from 
the RPA. The mner coil (+IC) and outer coO (+OC) 
are energized, no trun coils are used. To 
demonstrate repeatability, data from several sweeps 
are shown for each voltage, except 800 V where only 
one sweep was obtained. 

To obtain the ion voltage distribution, the 
averaged data from each discharge voltage and 
magnetic field configuration was nmnerically 
differentiated. This induced a significant amount 
of numerical noise. To smooth the signal, the 
differentiated data was fit using a smoothing 
spMne algorithm."* The raw data and the sphne are 
compared for discharge voltages of 300 and 700 V 
(+IC, +0C) in Figure 9. The spline operation 
induced enough smoothing that detailed features 
from charge-exchange or elastic coUisions were 
difficult to discern. As a result, the RPA ion 
voltage distributions were used only to compute 
the peak ion voltage and die width of the 
distribution. The peak ion voltage was relatively 
insensitive to the smoothing parameters. The 
uncertainty in the peak ion voltage was estimated 
as ±0.5%. The width of the ion voltage 
distribution was characterized by the full-width at 
half-maximum (FWHM). The FWHM was found 
to be more sensitive to the smoothing parameters 
than the peak ion voltage. The uncertainy in the 
FWHM was estunated as ±1% of the discharge 
voltage. The uncertainty estimates were based on 
numerical experiments that examined how the 
peak ion voltage and FWHM depended on the 
smoothing paramters. 

-6- 
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■      «)0    450    500    5S)    600    650    700    750    800    850    800    950 
Energy^ fVs^tsI 

Figure 9 - The first derivative of tlie RPA I-V 
cljaracterlstic versus ion voltage. Botli tlie raw data 
and the cubic spline of the data are shown for 
discharge voltages of 300 and 700 V (+IC, +OC). 

Figure 10 shows the ion voltage 
distribution (normalized to the peak ion current) at 
each discharge voltage and magnetic field 
configuration. The distributions were similar in 
shape regardless of the discharge voltage, the most 
notable difference being an increase in the FWHM 
as the discharge voltage increased. 

From each of the distributions in Figure 
10 the loss voltage and the FWHM were 
calculated. Figure 11 shows the loss voltage while 
Figure 12 shows the FWHM as functions of the 
discharge voltage and magnetic field. The loss 
voltage decreased with discharge voltage from 35 
V at 300 V to 25 V at 800 V. There was no 
systematic dependance of the loss voltage with the 
magnetic field. The FWHM increased with 
discharge voltage from 35 V at 300 V to 105 V at 
800 V, The use of the ETC decreased the FWHM 
by about 5 V when it was used. 

400     5I»     800     TOO 
Ensfgy/q [Volts] 

900    1000   1100 

Figure 10 - Normalized ion voltage distributions at 
each discharge voltage for each magnetic field 
configuration. 

500 600 
Discharge Voltage [Votts] 

Figure 11 - Loss voltage versus the discharge voltage 
with different magnetic field configurations. 

500 600 
Disoharge Voltage [Volts] 

Figure 12 - The full-width at half-maximum 
(FWHM) of the ion voltage distributions versus 
dfechai^e voltage with different magnetic field 
configurations. 
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IV. DISCUSSION 

A. Plasma potential 

The primary purpose of the plasma 
poteirtial me^urements w^ to shift the ion 
voltage distributions so that the true ion voltage 
could be found. Figure 7 shows that tiie plasma 
potential ranged from 8.5-13.5 V. While istill a 
small fiaction of the discharge voltage, the plasma 
potential w^ a significant fr^rtion of the loss 
voltage, which ranged from 25-35 V. The 
me^urements emph^ize the importance of 
obtaining the tme ion voltage if an accurate 
me^urement of the loss voltage is desired. 

A remarkable featare of Figure 7 is the 1-2 
V drop in plasma potential «mused by the ETC. At 
400 V, the plasma potential drop w^ smaller than 
the other discharge voltages because the ETC was 
energized to -2 A. All other discharges voltages 
used a coil current of -4 to -6 A. The trends 
indicate that the drop in ptonm potential was 
independent of flie ion energy. The drop in pl^ma 
potential w^ unexpected for two reasons. First, 
because the Langmuir probe was two meters from 
the thruster it w^ expected that any differences 
cmised by the magnetic field near the thn^ter 
would have been smoothed out. Secon4 the ETC 
altered the magnetic field by a relatively small 
amount. Measurements with a hsmd-held 
Gaussmeter showed that the magnetic field 
decreased only by a few Gauss when the ETC was 
energized to -5 A. 

The drop in ptoma potential was 
consistent with numerical modeling by Keidar, 
who showed that a decreasing magnetic field 
would decrease the plasma potential." The drop 
in plasma potential could be important in 
controlling the charge-exchange plmrm. near the 
thruster, which is known to cause erosion of 
sensitive spacecraft surfaces. 

B. Ion voltage distribution 

The RPA is an important plasma 
diagnostic because it yields information on the 
voltage distributuion of ions emanating from the 
thruster. This information is needed by spacecraft 
designere to calculate plume impingement on 
ser^itive surfeces such as solar arrays and optics. 
Knowledge of the ion voltage distribution is also 
important to thruster design.   The spread in ion 

voltage and their mean energy are critical to both 
m^dmizing life and optimizing performance. 
However, charge-exchange and el^tic collisions 
and axial variations of tiie plasma potential in flie 
plume can change the distribution as the plume 
propagates from the thruster. These changes 
manifest themselves through collision signatares 
(broadening or secondary peaks) or shifts in the 
distribution caused by electric fields. These 
effects can be minimized by operating at low 
pressures or corrected for through secontey 
me^urements (such as the axial variation of tiie 
pl^ma potential). As a result of these plxmie 
effects, the data from tiie RPA w^ used primarily 
to analyze the relative variations between 
operating conditions (discharge voltage and 
magnetic field). 

From Figure 11, the loss voltage was 
shown to decrease with increasing discharge 
voltage. A decrease in the loss voltage meant tiiat 
the acceleration eflBciency, 

ria M (4) 

(where <Ei> is the mean ion energy) increased." 
An incrcMC in the acceleration efficiency could 
result if either (or both) the acceleration layer or 
ionization zone moved closer to the anode. 
Intemal measurements of the floating potential 
from Ref 10 indicated that the acceleration layer 
moved closer to the anode as the discharge voltage 
increased. Visual observations of the brightness of 
the plasma in the discharge chamber have also 
indicated that the plasma moved closer to the 
anode, which implied a movement in the 
ionization zone. Taken together, the various 
me^urements imply that both the acceleration 
layer and the ionization zone were moving closer 
to the anode with discharge voltage. The end 
result w^ an increase in the mean ion energy and 
therefore increased acceleration efficiency. 

From Figure 12, tiie FWHM was shown to 
increase with incre^ing discharge voltage. An 
increase in the FWHM meant that the dispersion 
efficiency. 

n. A3L (5) 
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(where Ui is the ion velocity) decreased." The 
dispersion efficiency chaim;terizes the spread in 
ion velocities (or energy). The dispersion 
efficiency will decrease if either (or both) the 
acceleration layer or ionization zone grow thicker 
in the axial direction. Internal measurements of 
iJie floating potential from Ref. 10 did not indicate 
that the thickness of the acceleration layer was 
growing. This implies that the ionization zone 
simply increased in length as tiie discharge voltage 
increased. 

The conclusion reached was ttiat increased 
discharge voltage resulted in a thickening of the 
ioniation zone and a translation towards the 
anode. This could occur if the average electron 
temperature remains above the ionization poteirtial 
over a greater axial extent. Such a situation is 
consistent with increases in the discharge voltage, 
because the ability of the walls to moderate the 
electron temperature decreases with discharge 
voltage. The end result of incre^ed ionization 
zone thickness w^ an increase in the average ion 
energy and a wider distribution of ion energies. 
This could be undesirable from the standpoint of 
Ufetime because it implies a greater number of ion 
impacts with the walls. However, because the 
performance of the flmistBT was still fevorable, the 
increase in erosion may have been second order. 
Other off-axis effecte may have contributed to 
better focussing of the ion beam with discharge 
voltage, such as the curvature of the magnetic field 
lines. This hypothesis was consistent with the 
observed decre^e in plume divergence from Ref. 
9 from 38° to 28° over voltages of 300-1000 V. 
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APPENDIX 
Table 2 - NASA-173Mv2 telemetry from Lan^nir probe measurements. 

Point Vd(V) Id (A) 

Anode 

(mg/s) 

Cathode 

(mg/s) 

Inner 

Coil (A) 

Outer 

Coil (A) 

intemai 

Trim Coil 

(A) 

nxtemai 
Trim Coil 

(A) Vcg(V) 
Pressure 
(Toir) 

148 300.3 9.00 10.00 1.00 1.75 1.50 0.00 0.00 -11.3 4.6E-06 
149 300.4 8.89 10.00 1.00 1.75 1.50 -0.54 0.00 -11.2 4.6E-06 
150 300.4 8.88 10.00 1.00 1.75 1.50 -0.54 -4.00 -10.6 4.6E-06 
151 300.4 8.99 mm 1.00 1.75 1.50 0.00 -4.00 -10.9 4.6E-06 

1                                                                                                                                                                                               1 
152 400.2 9.32 10.00 1.00 2.50 2.26 0.00 0.00 -12.7 4.6E-06 
153 400.2 9.26 lO.CW 1,00 2.50 2.26 -0.36 0.00 -12.7 4.6&06 
154 400.2 9.25 10.00 1.00 2.50 2.26 -0.36 -2m -12.3 4.6&06 
155 400.2 9.32 10.00 1.00 2.50 2.26 0.00 -2.00 -12.2 4.6E-06 

1                                                                                                                                                                                               1 
156    j 500.3 9.49 10.00 1.00 3.00 2.20 0.00 0.00 -13.2 4.6E-06 
157 500.3 9.34 mm 1.00 3.00 2.20 -0.35 0.00 -13.4 4.6E-06 
158 500.3 9.42 10.00 1.00 3.00 2.20 -0.35 -5.00 -12.7 4.6E-« 
159 500.3 9.46 10.00 1.00 3.00 2.20 0.00 -5.00 -12.6 4.6E-06 

1                                                                                                                                                                                               1 
160 600.3 9.41 10.00 1.00 3.26 2.49 0.00 0.00 -13.0 4.6E-06 
161 600.3 9.24 10.00 1.00 3.26 2.49 ^.26 0.00 -13.5 4.6E-06 
162 600.3 9.35 10.00 1.00 3.26 2.49 -0.26 -5.00 -12.9 4.6E-06 
163 6(».3 9M 10.00 1.00 3.26 2.49 0.00 -5.00 -12.4 4.6E-06 

i 
164 700.3 9.40 10.00 1.00 3.41 3.06 0.00 0.00 -14.3 4.6E-06 
165 700.3 9.53 10.00 1.00 3.41 3.06 ^.20 0.00 -14.1 4.6&06 
166 700.3 9.51 mm 1.00 3.41 3.06 -0.20 -5.00 -13.8 4.6E-06 
168 700.5 9.54 10.00 1.00 3.41 3.06 0.00 -5.00 -13.3 4.6&06 

1                                                                                                                                                            ■             ■                   1 
170 800.1 9.44 10.00 1.00 3.82 3.30 0.00 0.00 -14.7 4.6E-06 
171 800.1 9.55 10.00 1.00 3.82 3.30 -0.21 0.00 -14.5 4.6B-06 
172 sm.i 9.53 10.00 1.00 3.82 3.30 -0.21 -5.00 -13.9 4.6E-06 

1 
175 900.4 9.61 mm 1.00 3.85 3.61 0.00 0.00 -13.8 4.6E-06 
176 900.4 9.72 10.00 1.00 3.85 3.61 -0.04 0.00 -13.8 46E-06 
177 900.4 9.73 10.00 1.00 3.85 3.61 ^.04 -5.M -13.3 4.6&06 
178 900.4 9.73 10.00 1.00 3.85 3.61 0.00 -5.90 -13.3 4.6E-06 

181 1000.1 9.71 mm 1.00 4.36 3.81 0.00 0.00 -14.2 4.6E-06 
182 1000.1 9.85 10.00 1.00 4.36 3.81 -0.16 0.00 -13.8 4.6E-06 
183 1000.1 9.94 lO.O) 1.00 4.36 3.81 ^.16 -sm -13.1 4.6E-06 
184 1000.1 10.08 10.00 1.00 4.36 3.81 0.00 -5.00 -12.9 4.6B-06 
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Table 3 - N^A-173Mv2 telemetiy from RPA measuremeiits. 

Point Vd(V) Id (A) 
Anode 
(mg/s) 

Cathode 
(mg/s) 

limer 
Cofl (A) 

Outer 
Cofl (A) 

Internal 
Trim Cofl 

(A) 

Kxtemai 
TiimCofl 

(A) VcgCV) 
Pressure 

(Torr) 
70 300.2 8.86 10.00 1.00 1.75 1.50 0.00 0.00 -11.9 4.6E-06 
71 3(».2 8.68 10.00 1.00 1.75 1.50 -0.54 O.C» -11.9 4.6E-06 
72 300.1 8.68 10.00 1.00 1.75 1.50 -0.54 -4.00 -11.5 4.6E-06 
73 300.2 8.88 lO.W 1.00 1.75 1.50 0.00 -4.00 -11.5 4.6E-06 

74 400.4 9.24 10.00 1.00 2.50 2.26 0.00 O.O) -12.7 4.6E-06 
75 4(K).4 9.24 10.00 1.00 2.50 2.26 0.00 -2.00 -12.7 4.6E-06 

76 500.4 9.38 lO.O) 1.00 3.00 2.20 0.00 0.00 -13.2 4,6E-06 
77 500.3 9.23 10.00 1.00 3.00 2.20 -0.35 0.00 -13.1 4.6E-06 
78 500.4 9.29 10.00 1.00 3.00 2.20 -0.35 -s.m -13.1 4.6E-06 
79 500.4 9.43 10.00 1.00 3.00 2.20 0.00 -5.00 -13.3 4.6E-06 

82 600.3 9.53 lO.W 1.00 3.26 2.49 0.00 0.00 -13.1 4.6E-06 
83 600.3 9.47 10.00 1.00 3.26 2.49 -0.26 0.00 -12.8 4.6E-06 
84 600.3 9.51 10.00 1.00 3.26 2.49 -0.26 -5.00 -12.5 4.6E-06 
85 6C».3 9.53 lO.O) 1.00 3.26 2.49 0.00 -s.m -12.7 4.6E-06 

86 7(».l 9.68 lo.m 1.00 3.41 3.06 0.00 0.00 -13.1 4.6E-06 
87 700.1 9.62 10.00 1.00 3.41 3.06 ^.20 0.00 -13.2 4.6E-06 
88 700.1 9.70 10.00 1.00 3.41 3.06 -0.20 -5.00 -12.4 4.6E-06 
89 700.1 9.73 10.00 1.00 3.41 3.06 0.00 -5.00 -12.4 4.6E-06 

1   yo   1 800.4 9.89   : 10.00 1.00 3.82 3.30 0.00 0.00 -13.6 4.6E-06 
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