Index

Absolute-intensity oplical emission
spectrum, plume plasma oprical
emission, 419422

Acceleration region, Hall thruster operation,
332-333

Accelerator grid, ion thrusters:

basic properties, 189-190
configurations, 190-196
design principles. 196-200
electron backstreaming, 208-216
high-voltage considerations, 2{16-224
carbon-carbon composite matenals,
221-223
electrode breakdown, 217-218
hold-off apd conditioning, 224
molybdenum electrodes, 218221
pyrolytic graphile, 223
lifespan analysis, 225~235
barrel erosion, 230-232
grid models, 227229
pits-and-grooves erosion, 232-235
optics, 200208
grid expansion and alignment.
206-208
ion trajectories, 2000204
perveance linits, 204-206
recycling behavior, 137-14]

Accommodation and accommodation
coefficient, plume emissions,
spacecraft interactions, 412413

Acronvms and abbreviations table, 448450

Adatoin production, hotlew cathodes,
barium loss rates, 195-296

Alternating current (AC), radiofrequency
(rf} 1on thrusters, 155-158

Alnmina walls, Hall thrusters, dominant
power-toss mechanisms, 349-357
Ambipolar diffusion cosfficient:
hoflow cathode:
insert region plasma, 2537-270
crifice region plasma, 277-280
plume-region plasma, 284-292
with magnetic fields, 69-71
without magnetic fields, 6566
primary electron motion and jonization,
178-182
radiofrequency {zf) ion thrusters,
153158
ring-cusp ion thruster models, 1on
confinement, 111-116
Anode wall:
discharge stability, 134-137
performance efficiency, 343-345
rng-cusp ion thrusier, 10n confinerment,
ie-ile
Antenna design, radiofrequency (rf) ion
thrusters, 151-138
Aperture design, ion thruster accelerator
grid:
alignment and expansion, 207--208
digmeter calculations, 190-194
Arakawa/Yamada modet, prmary electron
mation and ipnization, 1 76—182
Are initiation:
hollew cathode operation, 310-315
jon thruster aceelerator grid:
electrodes, hold-off and conditioning,
224
high-voltage parameters, 21 7-218
Arejet, basic properties, 4
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Arthenius temperature dependence, hollow
cathodes, baniwm depietion model,
2909-302

Atmosphenic Emissions Photometrie
Imaging (ACPI). plume plasma
optical emission, 419422

Atomic mass units {AMLU), ion mass,
447

Atfom sputtering rate:

hollow cathodes, baturn Joss tates,
203294

lon thruster accelerator grid, barrel
crasion, 231-232

Avogadro’s number, 447

Axial electric field, Hall thrusters,
326-329

Axial magnetic field, radiofrequency (rf}
ion thrusters, 149158

Axial plasma density, hollow cathode:

insert region plasma, 264271}
plume-region plasma, 286292

Axial scale length, Hall thruster operation.
320330

Azimuthal drift:

Hall thrusters, 327-328
operating principles, 332-333
osctilations, 376379

Background density, plume emissions,
neutral gas phumes, 407408
Backstreaming limit, ion thruster
aceelerator gnid, 213-216
Barium depletion model, hollow cathodes:
lifetime analysis, 298-302
operation, 309-315
Barium-oxide cathodes:
insert plasmas, evaporation analysis,
293-296
thermiunic electron emission, 252255
Barometric law:
[uid plasma, MOMENtT conservarion,
43
hybrid Hall thruster models, magnetic
field transport, 369
primary beam expansion plume models,
406--407
Barrel erosion, 1on thruster accelerator grid.
lifetime analyvsis, 225-235
Beam cutrent:

Index

discharge loss, 126- 133
ion thruster plasma generator design,
e6-100
ring-cusp ion thruster models, density
calculations, 119-120
Beam divergence:
Hall thruster elficiency, 383-345
1wn thruster efficiency, 29
thrust properties, 23-24
Beam plasma potential, 1on thruster
accelerator grid, electron
backstreaning, 209--216
Beam/plume characieristics, electrical
thrusters, 9—10
Beam power, thruster elTiciency, 30
Beam steering, 1on thraster accelerator grid
expansion and alipmment, 207-208
Beam atilization efficiency, dielectric-wali
Hall thruster efficiency, 343,
361-362
Bessel functions, Fick’s law, 63-65
Bias voltage, accelerator grid, 208.-216
Bohm current:
discharge chamber, power and energy
balance, 125-126
Hall thrusters:
diclectric-wall Hall thruster efficiency,
360-362
dominant power-loss mechanisms,
345-357
hollow cathodes. insert vegion plasma.
260-270
ion thruster plasma generator design,
93-100
radiofrequency {rf) ion thrusters,
133-158
ring-cusp 1on thruster models, ion
confinement, 111-116
Bohm ditfusion:
hybrid Hall thruster models, transverse
electron transport, 368-369
Kaufman ion thrusters, 142-147
with magnetic fields, 69-71
pre-sheath polential, 78-79
Bohm sheath criterion:
plasma boundary sheaths, 82-84
pre-sheath potential, 79
summary of, 8688
Bohm velocity:
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Hall thrusters, dominant power-loss
mechanisms, 331-357
ion thruster plasma generator design,
g3-100
primary beam expansion plume models,
404407
Boltzmann's constant:
Debye plasma boundary sheaths, 74-75
electrical thruster density and ingestion,
32-34
heliow cathodes, banum depletion
madel, 299-302
hybrid Hall thruster models, magnetic
field transport, 369
plasma boundary sheaths, 87-88
plasma physics, particle energies and
velocities, 4446
pre-sheath potential, 77-79, 78-79
Boris-type particte-pushing algorithm,
primary electron motion and
ionization, 176182
Boron nitride, Hall thrusters, dominant
power-loss mechanisms, 349357
Boundary sheaths, plasma physics, 71-88
Child-Langmuir sheaths, 79-81
Debve sheaths, 73-75
double sheaths, 8446
generalized sheath solution, 81-84
pre-sheaths. 76-79
summary of effects, 8688
Breathing mode osctllations, Hall thrusiers,
377379
Bulk-material insert Life, hollow cathodes,
302304

Carbon-carbon composite materials, 1on
thruster accelerator grid electrodes,
221-223

hold-off and conditioning, 224

Cathede conmimen potential:

Hall thruster potential and current
distributions, 337341

plume ermssions, solar array interacttons,

416-418

Cathode efficiency, Hall thruster
performance. 341-343

Cathode pressure estimales, 463466

Centripetal force, plasma physics, single
particle motions, 4043

CEX-2D optics code, 1on thruster
aceelerator gnd trajectlories,
200-204

Channel physics, hall thruster, 365-379

hybrid models, 366-372
continuity and energy, 369-371
1on current, 371372
magnetic field transport, 369
transverse electron transport,

366369

lifetime analysis, 379-383

oscillations, 376-379

steady-state models, 372-376

Channel plasma, dielectric-walll Hall
thruster efficiency, 362-363

Charge density, fluid plasma particle
conservation, 49-51

Charged particle collisions, partially 1ontzed
gas diffusion, 55-60

Charge-exchange {CEX) reactions:

hollow cathodes:
insert region plasma, 257-270
orifice region plasma, 271-280

ion thruster accelerator grid:
barrel erosion, 230-232
erosion models, 227-229
lifetime analysis, 225-235
pits-and-grooves erosion, 232-235

particle collisions, 5760

plume emissions, 395
neutraf gas plumes, 407308
secondary-ion generation, 408-410

Chemical-vapor-deposition (CVD), ion
thruster aceelerator grid electrodes.
carbon-carbon composite materials,
221-223

Child-Langmuir law:

ion thruster accelerator grid, perveance

limit, 205206

plasma boundary sheaths, 79-84, 88

Classical diffusion, with magnetic [ields,
66-71

Clausing factor:

discharge chamber neutral and primary

densities, 120-124
electrical thrusier density and ingestion,
34
fon thruster accelerator gred, 230--232
Maonte Carlo, 483436
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Clausing [actor fcont.;
radiofrequency (rf) ion thrusters,
157158
Closed-drift thruster, 328-329
Cold gap, fon thruster aceelerator gnid
expansion and ahgriment, 206-208
Colhsionality parameter:
discharge chamber neutral and primary
densities, 122124
electron relaxation and thermalization
times, 479482
hollow cathodes, insert region plasma,
256270
microwave ion thrusters, 163-171
radiofrequency (rf) ion thrusters,
150-158
Collision frequency, hybrid Hall thruster
models, transverse electron
transport, 368-369
Collisions, partially ionized gas diffusion,
5560
Collision transfer momentum, fluid plasma,
conservation of, 4748
COMETS sateliite, ion thrusters, 429440
Communications satellites, flight ion
thrusters. 431340
Conductance correction factor, electrical
thruster density and imgestion.
33-34
Confinement factor, discharge loss,
128-133
Contamination, plume emissions, spacecraft
interactions, 413-415
Continuity equations:
fiuid plasma:
energy conservation, 52-54
particle conservation. 48-51
hybrid Hall thruster models, 369-371
Convective denvative, fluid plasma,
mementum conservation, 47—48
Cosine distribution, plasma physics, particle
energies and velocilies, 45-46
Coulomb collision, particte collisions,
58-60
Couiomb-transfer rating, ion thruster
accelerator grid, 217-218
molybdenum electrodes, 219-221
Coupling voltages, holiow cathode
operation, 311--315

Index

Cross-lield diffusion coeficient:
Kaufman ion thrusters, 142-147
magnetic [ield diffusion, 69-7!
primary electron motion, 178182
Cross-field electron transport:
Hall thruster operation, 330-333
hybrid Hall thruster models, 368-369
Cross-over values, Hall thrusters, dominant
power-loss mechanisms, 350-357
Current cutback, recycling behavior,
139-141
Current density:
Child-Langmuir sheaths, 7981
holiow cathode geometry, 249-251
plume measurements, 398400
Current distribution, Hall thruster operation,
337-341
Current fractions:
discharge toss, 127-133
microwave ion thrusters, 166—171
radiofrequency (rf) ion thrusters,
152158
Current utilization efficiency, Hall thruster,
multiply charged ton corrections,
346-347
Current-versus-voltage predictions, hybnd
1on thrusters, steady-state equations,
372376
Cuteff frequencies, microwave ton thrusters,
161-171
Cyclotron frequency, plasma physics, single
particle motions, 3943

Debye sheaths:
floating potential, 8788
plasma boundary sheaths, 73-75
thickness properties, §3-%4
Deep Space missions, 3
flight ion thrusters, 43 1—34{}
Density gradient:
hybrid Hall thruster models, magnetic
fieid transport, 369
Kaulman ton thrusters, 145-147
Depletion life models, dispenser cathods in
insert plasmas, 293-294
Disgmagnetic drft, magnetic field
diffusion, 6871
Drelectric discharge, radiofrequency {rf) ion
throsters, 157-158
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Diglectric materials, Hall thrusters, 325-329
Dielectric-wall Hail thrusters:
dominant power-loss mechanisms,
347-357
efficiency of, 359-362
iomization length and scaling, 335-337
lifetime analysis, 380-383
metallic-wall comparisons with, 364-365
operation, 331-333
Diffusion coefficient:
ambipolar diffusion, 65-66
hollow cathodes, orifice region plasma.
271-280
Diffusion-driven particle motion:
with magnetic fields, 66-71
without magnetic fields, 6066
partially jomized gases, 35-71
Diffusion equation, Fick’s taw, 61-65
Diffusion thickness, ring-cusp lon thruster
models, {14-1{6
Direct-current-discharge plasma generators:
basic principles. 91-93
lon thruster, 100-107
anode wall ion confinement, 1T10-117
discharge chamber:
neutral and primary densities.
120-124
power and energy balance, 124126
discharge loss, 126133
discharge stability, 133-136
electron confinement, O8I 10
excited neutral production, 117120
generalized 0-D ring-cusp model,
102-105
magnetic multipole boundaries,
105107
recyeling behavior, 137-142
Discharge chamber:
neutral and primary densities, 120~-124
power and energy balance, 124-126
recyeling behavior, 137-141
two-dimensional models, 171-182
neutral atom maodel, 172-175
performance valuation, 179182
primary efectron motion and ionization,
176-179
Discharge curreat:
Hali thruster:
performance efficiency, 342-345
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potential and current distributions,
339-341
hollow cathode geometry, 246248
barium depletion model, 301302
bulk material insert life, 302-304
orifice region plasma, 275-280
Discharge loss:
direct-current-discharge plasma
generators, 126-133
Hall thruster performance, dominant
power-loss mechanisms, 347-357
1o thruster plasma generator design,
96-100
Kaufman lon thrusters, 1434147
microwave ion thrusters, 167-171
radiofrequency (rf) ion thrusters,
154-158
Discharge stability, 133-137
Discharge voltage:
Hall thruster, efficiency. 342-345
hollow cathode operation, 312-315
Kaufiman 1on thmsters, 147
Dispenser cathodes:
barium depletion model, 298-302
insert plasmas, lifetime analysis, 293-296
poisoning of, 304-306
Dispersion relation, micrawave ion
thrusters, 161-162
Dissipated power, basic principles, 30-32
Distribution function, plasma physics,
particle energtes and velociries,
44-46
Divergent magnetic field thruster, direct-
current-discharge plasma generators,
101-107
Drominant power-loss mechanisms, Hall
thruster performance, 347337
dielectric-wall Hall thruster efficiency,
339-362
Double ion generation:
Hall thruster efficiency, 343-345
ring-cusp ion thruster models, neutral
tonizationfexcitation, 119-120
two-dimensional discharge chamber
models, 180-182
Double sheaths:
hollow cathodes:
insert region plasma, 256270
plume-region plasma, 287-292
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Double sheaths feone )
plasma boundarics, 8486
Double-to-single ion content, computation
of, 2627
Downstream reference electron density, ion

thruster accelerator gnd trajectories,

201-204
Drift velocity, hotlow cathode geometry,
246243

Efficiency, Hall thruster performance
models. 341-343
dielectric walls, 355-362
Electrical efficiency. thruster design,
2730
Electrical propulsion (EP).
defined, 1-2
early applications of, 2-3
electrical thruster types, 3-5
historical background, 2-3
Electrical thrusters:
beam/plume characteristics, 9-10
efficiency, 27-30
force transfer, 18-21
neutral densities and ingestion, 32-34
power dissipaton, 3032
rocket equation, 15-18
specific impulse, 25-27
throst foree, 21-24
types of, 3. 4
Electric Propulsion Interactions Code
{EPIC), plume emissions:
measurement, 398
sputtering and contamination, 415
Electric thrusters. plume emissions,
394305
LElectrode breakdown. on thruster
accelerator gnid high-voltage
parameters, 217-218
Electromagnetic thrusters, basic properties,
21
Electran backstreaming, ion thruster
accelerator grid 208-216
Electron bombardment:
direct-current-discharge plasma
generators, 91-63
Hall thrusters, dominant power-loss
mechanisms, 347-357
Electron-bombardment lon Thruster

index

Assembly (ETTA), flight lon
thrusters, 434440
Electron confinement:
1on thruster plasma generator design,
98-100
0-[3 ong-cusp model, 108-110
Electron cvelotron resonance heating,
microwave ion thrusters, 162-171
Electron distribution, ion thruster plasma
generator design, 94-100
Electron-clectron eollision frequency,
particle collisions, 58-60
Electron encrgy equation:
hollow cathode, plume-region plasma,
285-292
hybrid Halt thruster models, 370371
Electron energy loss, 467469
Electron ftux, plasma physies, particle
energies and veloctties, 4546
Electron heating, hollow cathodes, 247-248
Electron-ion collision frequency, particle
collisions, S8-6{)
Electron-neutral collisions, 60
microwave 1on thrusters, 164-171
Electron relaxation times, 479482
Electron temperature:
discharge chamber neutral and primary
densities, 121-124
Hall thrusters:
dontinant power-loss mechanisms,
34§-357
plasma electron temperature, 357359
hollow cathode. plume-region plasma,
286292
hollow cathodes:
insert region plasma, 257270
orifice region plasma, 273280
ion thruster plasma generator design,
96-100
mmicrowawve on thrusters, 167-171
primary beam expansion plume models,
406407
radiofrequency (rf) ion thrusters.
154-158
Electrospray/field emission electric
propulsion thruster, basic properties,
4-3
Electrostatic force, ion and Hall thrusters,
20-21
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Ermitted current, discharge chamber neutral
and primary densities, 121-[24
Energy balance model:
discharge chamber, 124-126
hollow cathodes, insert region plasma,
256-270
hybnid Halt thruster models, 369-371
Energy conservation. fluid plasma, 5134
Energy-ioss mechanisms, ton thruster
plasma generator design, 38100
Engineeting Test Satellite (ETS}) 3
flight ion thrusters, 429440
Erosion:
Hall thrusters, lifetime analysis, 380333
hollow cathodes, keeper electrode wear
and life, 306-309
1on thruster accelerator gnid, 225-2335
plume emissions, solar array interactions,
415418
Culer-Lagrange equations, primary electron
motion and onization. 176-182
European Space Agency Artemis space
craft, flight 1on thrusters, 434440
European Space Agency (Small Mission for
Advanced Research in Technology),
flight ion thrusters, 440—3443
Excitation cross section:
particle collisions, 57-60
radiofrequency (rf) ion thrusters,
152-158
ning-cusp ton thruster models, 117-12(}
xenon, 471474
Excitation reaction rate coefficient:
Hall thrusters, plasma electron
temperature, 358339
1om thruster plasma generator design,
97-100
xenon Maxwellian plasmas, 475477
Excited neutral ion production, ring-cusp
ion thruster models, 117-120
Extended life test (ELTY:
hollow cathodes:
barium depletion model, 30t-302
onfice region plasma, 280-281
ion thruster accelerator grid:
hackstreaming himit calculations,
215.216
keeper erosion, 306307
pits-and-grooves erosion, 233-235
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Fick's law;
diffusion equation and, 6165
magnetic field diffusion, 6871
Field ermission electric propulsion (FEEP)
thrusters, basic properties, 45
Flamess parameter:
discharge chamber power and energy
balance, 126
ion thruster accelerator gnd:
barrel erosion, 231--232
electron backstreaming, 216
Flight data. plume emissions, 396398
Flight thrusters:
Hall thrusters, 440443
ion thrusters, 429-440
Floating potential, plasma boundary
sheaths, 87-88
Flwid plasma, 46-54
energy conservation, 51-54
momentam conservation, 46—48
particle conservation, 48-51
Force transfer, 10on and Hall thrusters, (821
Fourier transformm, ring-cusp ion thruster
maodels, magnetic multipole
boundaries, 106—107
Fowler-Nordheim plot, ion thraster
accelerator grid electrodes, hold-off
and conditioning, 224
Fricuonal contributions, fluid plasma
energy conservation, 33-54

Gap dimensions, ion thruster accelerator
grid expansion and atignment,
206--208

(ias flow rate:

Hall thruster efficiency, 341345
hollow cathodes:
insert region plasma, 256-270
orifice region plasma, 276-280
unit conversions, 463-466

(Gaussian beam density, primary beam
expansion plume models, 402407

Gauss’s taw, ion thruster accelerator grid,
electron backstreaming, 21 1-216

Geometric configuration, hollow cathodes,
235-251

msert region plasma, 256-270

Geosynchronous satellites, plume

emissions, 393-394
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Grid models, ion thruster accelerator
erosion, 2272249

Hall current, Balt thrusters:
basic properties, 328-329
aperation, 330-333
Hall-effect thrusters (HETs), classification,
325
Halt thruster:
basic properties, 4, 325-329
channel physics and nurmerical modeling,
365-379
hybrid models, 366372
continuity and energy, 369-371
on current, 371-372
mapnetic field transport, 369
transverse electron transpott,
Joo-369
lifetime analvsis, 379-383
oscillations, 376-379
steady-state models, 372-376
efficiency measurements, 2830
flight thrusters, 440443
foree transfer, 18-21
geomeiry, 69
lanthanum hexaboride cathodes, 254-255
lifetime analysis, 379-383
operating principles and scaling. 329-341
crossed-field structure and current,
330-333
lonization length, 334-337
potential and current distributions,
337-341
performance models, 341-363
dielectric wall efficiency, 359-362
diclectric wall vs. metallic wall
comparison, 364-363
dominant power loss mechanisms,
347-357
efficiency, 341-343
metallic wall TAL efficiency, 363
multiply charged ion correction,
345-347
plasma electron temperature, 357-359
plumes:
basic propertics, 393-395
{light data, 396-398
laboratory measurements, 398400
measurements, 395--396

index

natural gas plumes, 407--408
payload interactions, 418422
microwave phase shift, 418-419
physical properties, 395400
plasma optical emission, 419422
ponmary beam expansion, 400407
secondary-ion generation, 408—410
spacecraft interactions, 410418
particle momentum, 412413
solar arrays, 415418
sputtering and contamination.
413-415
power dissipation, 32
thrust properties, 2224
Heat-exchange terms, flud plasma energy
conservation, 52-54
Helical electron motion, micrewave ion
thrusters, 163=171
High-frequency oscillations:
hellow cathode, plume-region plasma,
291-292
hollow cathodes, keeper electrode wear
and hife, 307-309
“High power” orbit insertion niode, flight
ion thrusters, 432440
High-temperature regions, Hall thrusters,
plasma electron temperature,
358-359
High-voltage parameters, ion thruster
accelerator grid, 216224
carbon-carbon composites, 221-223
electrode breakdown, 217-218
hold-off and conditioning, 224
molybdenum electrodes, 218-221
pyrolytic graphite, 223
Hold-off behavior, ion thruster accelerator
grid electrodes, 224
Hollow cathodes:
configurations, 248-251
geometric properties, 244245
historical overview, 243248
insert region plasma, 256270
keeper electrode wear and life, 306-309
lifespan testing. 292-306
barium depletion model, 298-302
bulk-material inserts, 302-304
inert plasma, dispenser cathodes,
203-296
poisoning, 304-306
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temperature characteristics, 296-298
operating principles, 309-3153
onfice region plasma, 270-281
plume-region plasma, 283-292
thermal models, 281-253
thermionic electron emitter, 231-253
Hot gap. ton thruster accelerator grid
expansion and alignment, 206-208
Hybrnid two-dimensional 1on thruster
maodels, flow diagram, 172-173

Idealized design, ion thruster plasma
generator, 93~100
[ncident flux, Hall thruster ionization length
and scaling, 334-337
Inductive plasma discharge, radiofrequency
{rf} 1on thrusters, [51-158
[nert gas propellants, ring-cusp ion thruster
models, neutral
ionizatiorexcitation, 118120
In-flight measurements, plume emissions,
396393
Ingestion, electrical thrusters, 32 -34
Input power calculations, Hall thrusters,
plasma eleciron temperature,
357-339
Insert region plasma, hollow cathodes,
256270
Insert temperatures, hollow cathode
lifetimes, 296298
Ton acoustic velocity:
discharge chamber power and energy
halance, 126
fluid plasma particle conservation, 51
Haif thrusters, plasma electron
temperature, 357-359
hollow cathodes, insert region plasma,
258-270
radiofrequency {rf) ion thrusters,
156158
[on bearn current:
ion thruster plasma generator design, 94
plume plasma optical emission,
420422
fom bombardment:
Hall thrusters:
dominant power-loss mechanisims,
347357
lifetime analysis, 379383
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hollow cathodes:
barium depletion model, 298-302
keeper electrode wear and life,
306-309
orifice region plasma, 275-280
len charge number:
ion thruster accelerator grid, electron
backstreaming, 212-216
particle collisions, 5860
lon confinement:
microwave 1on thrusters, (68171
radiofrequency {r) 1on thrusters,
156158
ring-cusp ion thruster models, 110-116
len conservation equation, Hall thruster
oscillaugns, 376-379
[on continuity equations, primary beam
expansion plume models, 401407
Ion current:
hollow cathodes, insert region plasma,
261-270
hybrid Hall thruster models, 371-372
Ion density:
Hall thrusiers, dominant power-loss
mechanisms, 351-357
hollow cathodes, insert region plasma,
258-270
ion thruster accelerator grid trajectories,
201-204
lon distribution function, hybrid Hall
thruster, ion current, 371-372
lon energy distribution, hollow cathodes,
keeper electrode wear and life,
307309
[on exhaust velocity, thrust properties,
22-24
[on flux:
Hatl thrusters:
dominant power-loss mechanisms,
354-357
lifetime analysis, 380- 383
hybrid Hall thruster models, rransverse
electron transport, 367-369
plume emissions, 396398
Ton generation rate, lon thruster acceleratar
erogion, 228.229
fon heating, hollow cathodes, 247-248
fon-ion coilision frequency. particte
collisions, 5860
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Tomization cross sections, 471474
lonization energy loss, hybrid Hall thruster
madels, 370-371
lonization potential, discharge chamber
power and energy balance, 125-126
lonization reaction rates, xenon Maxwellian
plasmas, 475477
Ionization region:
discharge chamber model, 172-182
two-dimensional medels, 176182
Hall thruster operation, 334337
hollow cathodes:
orifice region plasma, 272-280
plume-region plasma, 283292
ion thruster plasma generator design,
93-100
Kauufman ton thrusters, 146-147
radiciTequency (1) ion thrusters,
152158
fon Larmor radius, Hall thruster operation,
331-333
{on plasma density, two-dimensional
discharge chamber models,
180—182
{on production cost, ion thruster accelerator
grid, backstreaming limit
calculations, 213-216
lot source term, primary electron motion
and ionization, 177-182
lon thrusters:
accelerator grid:
accelerator basics, 196-200
basic properties, 189-190
configurations, 190-196
electron backstreaming, 208-216
high-voltage congideravons, 216-224
carbon-carbon composite materals,
221-223
electrode breakdown, 217-218
hold-off and conditioning, 224
maolybdenum electrodes, 218-221
pyrolytic graphite, 223
lifespan, 225-235
barrel erosion, 230-232
grid models, 227-229
pits-and-prooves erosion, 232-233
optics, 200-208
grid expansion and alignment,
206-208

Index

ion trajectories, 200-204
perveance limits, 204-206
firght thrusters, 429440
plasma generators:
basic propetties, 4, 91-93
DC electron-discharge system,
T00-1(12
discharge chamber:
newtral and pamary densities,
120-124
power and energy balance, 124-126
two-dimensional computer rmodels,
171182
discharge loss, 126133
discharge stability, 133-]37
electron confinement, 108110
excited neutral production, 117-120
force transfer, 15-21
geometry. 6—7
idealized design, 93-100
1on confinement, 110116
Kaufman ion thrusters, t42-147
tagnetic multipole boundaries,
105-107
microwave 1on thrusters, 158171
particie collisions, 56—6()
performance efficiency, 27-30
power dissipation, 30-32
radiofrequency ion thursters, 148-158
recyeling behavior. 137-142
0-D ring-cusp model, 102-105
limitations, 141-142
plumes:
basic properties, 393-395
flight data, 396-398
laboratory measurements, 398400
measurements, 395-39%
neutral gas plumes, 407408
pavload interactions, 418422
microwave phase shift, 418-419
physical properties, 395400
plasma optical emission, 419422
primary beam expansion, 400407
secondary-on generation, 408-410
spacecraft interactions, 410418
particle momentum, 412413
solar arrays. 415418
sputtering and contamination,
413-415
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Japun Aerospace Exploration Agency
{JAXA), Right ion thrusters,
435440

Jet power, thrust praperties, 21-24

Kaufman ion thruster:
basic properties, 142-147
direct-current-discharge plasma
generators, 102
flight ion thrusters, 434—440
Keeper electrodes:
bias voltage, discharge loss, 127-133
Hall thruster performance efficiency,
342-345
hollow cathodes:
geometry, 240-248
operating principles, 309-315
lifetime analysis, 306-309

Knudsen-flow models, discharge chambers,

73175

Laboratory plume measurements, 398400

Eapgrangian algorithin, primary beain
expansion plume models, 405407

Landau damping, fluid plasma energy
conservation, 54

Langmuir condition:

hollow cathode, plume-region plasma,
287-292

plasma double sheaths, 85-86

Langmuir probe, plume emissions, solar
array interactions, 416418
Lanthanum hexaboride:
Hall thrusters, lifetite analysis, 379383
hollow cathodes:
bulk material insert life, 302-304
poisoning of, 305-306
thermionic ¢lectron emission,
254-255
Larmor radius:

Hall thruster operation., crossed-field
structure and the Hall current,
330333

Kaulman ion thrusters, 143-147

microwave 1on thrusters, 163-171

plasma physics. single particle motions,
4043

0-D nng-cusp model, etectron
confinement, 108-110

497

Larttice atoms, hollow cathodes, barium loss
rates, 294-296
Life demonstration test (LDT), hollow
cathodes:
barium depletion model, 298-302
bulk-material inserts, 302-304
inert plasma, dispenser cathodes,
293.296
insert life analysis, 292-306
onifice region plasma, 279-281
poisoning, 304306
temperature characteristics, 296298
Lifetime analysis:
extended life test;
hollow cathodes:
barium depletion model, 301302
orifice region plasma, 280281
ion thruster accelerator grid:
backstreaming limit calculations,
215-216
pits-and-grooves erosion, 233-235
Hall thrusters, 379-383
hollow cathodes:
barium depletion model, 298-302
bulk material inserts, 304306
keeper electrodes, 306-309
thermionic electron emission, 255
inert plasmas, dispenser cathodes,
293296
ion thruster accelerator grid, 223233
harrel erosion, 230-232
grid models, 227-229
pits-and-grooves erosion, 232-235
Lineanization, fluid plasma particle
conservation, 4931
Laorentz equation. iwo-dimensional
discharge chamber modei, primary
electron moetion and ionizatiorn,
176182
Lorentz lorce:
ftuid plasma, momentum consetvalion,
4648
won and Hall thrusters, 20-21
plasma physics, single particle motions,
3943
Loss rates, bariumn cathodes, lifetime
analysis, 203-296
Low-frequency oscillation, Hall thruster,
377379
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Mach number, hollow cathode, plume-
region plasma, 286-292
Magnetic field electron transport, hybrid
Hail thruster models, 369
Magnetic-layer thrusters, classification,
325
Magnetic mirror, plasma physics, single
particle motions. 43
Magnetic multipole boundaries, ion thruster
plasma generators, 0-D ring-cusp
model, 105167
Magnetized electrons, Hall thruster
operation, 331-333
Magnetoplasmadynamic (MPD) thruster,
basic properiies, 5
Mass-conservatton equations, fluid plasma
particle conservation, 48-51
Mass ratio, plasma boundary sheaths, 72-73
Mass utilization efficiencies:
dielectric-wall Hall thrusters, 361-362
discharge chamber newtral and primary
densittes, 120124
discharge logs, 131-134
Hall thruster:
jomtzation tength and scaling, 336-337
performance models, 343-345
Hall thruster operation, 334-337
ion thruster plasma generator design,
98-t00
microwave ton thrusters, 167-171
radiofrequency {rf) ion thrusters,
156158
recycling behavior, 139-141
Maximurn magnetic field strength, ning-
cusp ton thruster models, lon
confinement, 114-116
Maxwellian distribution:
discharge loss, 127-133
discharge stability, 134137
Half thrusters. dominant power-ioss
mechanisms, 348357
hollew cathodes:
insert region plasma, 256270
kecper electrode wear and life, 309
iomizationfexciation reactions, 475477
1on thruster accelerator grid trajectories,
201-204
clectron backstreaming, 209-216
micTowave 1on thrusters and, 166171

Index

radiofrequency (rf) ion thrusters,
151-158
ring-cusp ion thruster modets, 117-120
Maxwellian electron “field particles,”
479482
Maxwell’s equations:
Debye plasma boundary sheaths, 73-75
fluid plasma particle conservation, 48-51
1on thruster plasma generator desigr,
electron velocity distribution
function, 94-100
microwave ion thrusters, 159-160
plasma physics, 38-39
particle energies and velocities, 4446
Maxwell three-dimensional magnetic field
sobver, ning-cusp ion thruster
models, 107
Mean collision time, discharge chamber
neutral and pnimary densities,
122-124
Mean confinement time:
electron confinement, 108110
won thruster plasma generator design,
35-100
Mean free path calculations:
Hali thrusters, onization length and
sealing, 333-337
hollow cathode:
bariwm depletion model, 300-302
plume-region plasma, 283-292
particle collisions, 5660
Mean ion free path, hollow cathodes. onifice
region plasma, 272-280
Metallic-wall Hall thrusters:
dielectric-wall Hall thruster comparison
with, 364-365
lifetime analysts, 383
thruster with anode layer {TAL), 363
Microwave 1om thrusters, 158-171
Microwave phase shift, plume-payicad
interactions, 418419
Minmature Xenon Ien Thruster (MiX1),
435440
Mirror ratio, microwsave on thrusters,
168-171
Mobility, non-magnetic field diffusion,
6000
Molybdenum electrodes, ton thruster
accelerator gnd, 218-221



ndex

barrel erosion, 231-232
hold-off and conditionng, 224
Momentam conservaton, fluid plasma,
4648
Momentum eqguation:
plume emissions:
primary beam expansion models.
400407
spacecraft interactions, 412413
primary eleetron motion and jonization,
177182
Momentum-transferring collision
frequency. hybrid Hall thruster
modeis, transverse electron
transport, 367369
Mong-energetic primary electrons, jon
thruster plasma generators, 0-D
ring-cusp model, 104105
Monte-Carlo calculations:
Clausing lactor. 483—486
discharge chamber models, 174-182
radiofrequency (rf} ion thrusters,
157158
two-dimensional discharge chamber
maodel, prmary electron motion and
ionization, 176182
Multi-dimensional modeting, discharge
chamber, 171182
Multiply charged 1oa correction, Hall
thruster performance. 345-347
MUSES-C ECR thruster, 170-171

MNASA Evolutionary Xenon Thruster
(NEXT), Mlight 1on thrusters,
437440

NASA (GGlenn Research Center (GRC),
flight ton thrusters, 435440

NASA-173Mv Hall thruster:

basic properties, 329
petformance efficiency, 344 343

NASA Solar Electric Fropulsion
Technology Applications Readiness
(NSTAR):

direct-current-discharge plasma
generators, 102

discharge chamber models, 174182

discharge loss, 131 -133

electron backsireaming, 210216

flight fon thruster, 430-44(}
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hollow cathodes:
bariwn depletion model, 301-302
insert region plusma, 256-270
keeper electrode wear and life,
307-309
onfice region plasima, 271-280
thermal models, 281-2583
lifetitne analysis, 226-235
barrel erosion, 230-232
insert temperatures, 297208
perveance limit, 205-206
plume emissions flight data, 396-398
primary electron motion and ionization,
176-182
ring-cusp ion thruster models, 1on
confinement, 116
tirrottle table, 432
two-dimensional discharge chamber
model, 176152

Met flux caleulations:

Hall thrusters, domunant power-1oss
mechanisms. 334-357

hollow cathodes, barium loss rates,
295-296

Neutral atom model, discharge chamber,

172-175

Neutral gas density:

discharge chambers, 120-124
two-dimensional medels. 174182
electrical thrusters, 32-34
Hall thruster operation. 334337
hollow cathode, 249-251
Imsert regiom plasma, 263270
orifice region plasma, 276280
plume-region plasma, 283-292,
285292
lon thrusier agcelerator grid, erosion
models, 227-229
1om thruster plasma generator design, 94
microwave 1on thrusters, 167-171
plume emissions. 407408
plume plasma optical emission,
420422
radiefrequency (rf) ion thrusters,
149158
recycling behavior, 137-141
view-factor model, 172-182

Neulral gas excitation, ton thrustsr plasma

generator design, 93100
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Neutral gas temperatures, discharge
stability, 133-137
Neutral 1on production:
hybtid Hall thruster models, continuity
and energy, 369-37]
ring-cusp ion thruster models, 117-120
Neutral particle conservation equation, Halt
thruster oscillations, 376-379
Neutral particle velocity:
Hall thruster:
lonization length and scaling, 334-337
oseillations, 377-379
hollow cathode, orifice region plasma,
2762451}
Newton'’s second taw, ion and Hall current
force, 2021
Nomenclature table, 447448
Noti-contact femperarire measurement,
hollow cathode hfetimes, 296298
Non-magnetic diffusion and mobility,
partially lonized gases, 60-66
ambipolar diffusicn, 65-66
Fick’s law, 61-65
Non-Maxwellian distribution function:
discharge loss, 132—133
bybrid ion thrusters, steady-state
gguations, 374-376
ion thruster plasma generator design, 100
Nom-unifonm plasmas, 0-D ring-cusp
muodel, 141-142
North-south station keeping, plume
gmissions, 393-304
Nuclear Electric Xenon lon Thruseer
Systern (NEXIS):
discharge loss, 130-134
flight ton thrusters, 437440
hollow cathode geometry, 245-248
barium depletion model, 3¢1-302
plume-region plasma. 283-292
hollow cathodes, ingert region plasma,
262-270
ion thruster accelerator grid, etectron
backstreaming, 216
plume emissions, sputterning and
contamination, 413415
primary beam expansion plume models,
405407
recvcling behavior, 139-141
ring-cusp ion thruster models, 107

Index

electron confinement, 109-110
Numerical modeling, Hall thruster, 365-379
hybrid models, 366-372
continuity and energy, 369-371
ion current, 371-372
magnetic field transport, 369
transverse electron transport, 366369
lifetime analysis, 379-383
oscillations, 376379
steady-state models, 372-376

Ohmic heating, particle coliisions, 59-60
Chm's law;
hollow cathode, insert region plasma,
265270
hybrid Hall thruster models, 366-372
transverse electron transport, 366-36%
particle collistons, 3960
On-axis potentiais;
electron backstreaming, ion thruster
accelerator grid, 208-216
Hall thruster potential and current
distoibutions, 338-341
One-dimensional models:
Hall thrusters, 365366
hollow cathodes, plume-region plasma,
283-292
hybrid Hall thrusters, steady-state
equations, 372-376
Optics codes, 1on thruster accelerator gnd,
200-208
barrel erosion, 230-232
grd expansion and alignment, 206-208
ion trajectories, 200-204
perveance hintits, 204206
pits-and-grooves erosion, 232-215
Orifice dimensions, hollow cathode
geometry, 248-251
onfice region plasma, 271-280
Onfice heating, hollow cathodes, 247-248
Oscillations:
{luid plasma particle conservation,
5051
Hall thrusters, 376-379
hoilow cathode operaton, 313-315
Over-perveance, ion thruster accelerator
urid trajectories, 202-204
O-waves, nlicrowave ion thrusters,
160-161
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Oxide cathodes, thermionic electron
emisston, 252-255

Parallef electron velocity, microwave ion
thrusters, 163~171
Park’s formula, primary beam expansion
plume models, 405- 407
Partially ionized gas diffusion, piasina
physics. 54-71
collisions, 55-60
diffusion and mobility, 60-66
ambipolar diffusion, 65-66
Fick’s law, 61-65
with magnetic field diffusion, 6671
ambipelar B particle diffusion, 69-71
Particle conservation, fluid plasma, 48-51
Particle energies and veloeities:
1on thruster plasnia generators, 0-D ring-
cusp model, 103-103
Kaufman ion thrusters, 142-147
plasma physics, 43—46
Particle gyration, plasma physics, 4143
Particie-in-cell (P1C) model:
Hall thruster, 363 -366
ton current, 371-372
ion throster accelerator gnd trajectories,
202-204
plume emissions:
pritmary beam expansion models,
405407
secondary-ion generation, 408410
Particle-pushing algonthm, primary
eleetran motion and iomzation,
176-182
Particle simulation, two-dimensional
discharge chamber model, 176-182
Paschen breakdown mechanism,
molybdenum electrodes, ion thruster
accelerator grid, 219-221
Path length calculations:
holtow cathodes:
insert region plasma, 256270
orifice region plasma, 272-25(
ion thruster accelerator gnd, erosion
models, 229
Payload interactions, plume emissions,
415422
microwave phase shift, 418—4149
plasma pptical emissions, 419422
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Peak electron temperature, Hall thrusters,
358-350
Peuetration distance, particle collisions,
5600
Performance models:
discharge loss, 130-133
Hall thruster, 341--363
dielectric wall efficiency, 350-362
dielectric wall vs. metallic wafl
comparison, 363-3635
dominant power loss mechanisms,
347-357
efficiency, 341-345
metallic wall TAL efficiency, 363
multiply charged ion eorrection.
345-347
plasma electron temperature, 357-359
ion thruster discharge chamber, two-
dimensional models, 179182
ion thruster plasma generator efficiency,
27-30
Perpendicular electron mobility:
hybrid Hall thruster models:
continuity and energy, 369-371
transverse electron transport, 367-369
magnetic field diffusion, 67-71
Perturbed electron current density,
microwave ian thrusters, 160-161
Perveance limit, ion thruster accelerator
grid, 204-206
Phillips type S thruster, hollow cathodes,
thermionic electron emission,
252-255
Pits and grooves erosion, ion thruster
accelerator grid, lifetime analysis,
225-235
Plasma ball definition. hollow cathade,
plumec-region plasma, 287-291
Plasma contactors, plume emissions,
419422
Plasma currents, plume emissions, solar
array interactions, 415418
Plasma density:
discharge chamber power and energy
balance, 126
Fick's law, 62—65
Hall thruster operation, 333
hollow cathodes:
geometry, 245-251
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Plasma density fcont.)
tnsert region plasma, 262-270
arifice region plasma, 273280
osciflation patterns, 313-313
hybrid ion thrusters, steady-state
equations, 374376
1on thruster plasma generator design.
94100
Kaufman ion thrusters, t4d—147
microwave ion thrusters, 162171,
165-171
plume emissions, 396-398

Plasma electron temperature, Hall thrusters,

357-339
Plasma frequency, fluid plasma particle
conservation, 4831
Plasrma generators. thruster efficiency,
27-30
Plasma ton flux, holtow cathodes, barjum
loss rates, 295286
Plasima optical emission. plume-payload
interactions, 419-422
Plasma physics:
boundary sheaths, 7|88
Child-Langmuir sheaihs, 79-§1
Debve sheaths, 73-75
double sheaths, 8486
generalized sheath solution, 81-84
pre-sheaths, 7679
summary of effects, 86-88
fluid plasma, 4654
energy conservation, 51-34
momentum conservation, 4648
particle conservation, 4851
hollow cathodes:
msert region plasma, 256-27¢
orifice region plasma, 270-281
overview, 3738
partiatly ionized gas ditfusion, 54-71
collisions, 3560
diffusion and mobility, 6066
ambipolar diffusion, 65-66
Fick's law, 61-65
with magnetic field diffusion, 66-71
ambipolar B parlicle diffusion,
6971
particle energies and velocities, 4346
single particle motions, 3943
Plasma potential:

Index

discharge stability, 134-137
Hall thrusters, dominant power-loss
mechanisms, 354-357
hollow cathodes:
barium depletion model, 298-302
bulk-matenal insert life, 302-304
geometry, 245-248
keeper electrode wear and life,
307-309
jon thruster accelerator grid, electron
backstreaming, 209-216
Kaufman 1on thrusters, 144147
microwave ion thrusters, 165171
radiofrequency (i} ion thrusters,
153-158
recycling behavior, 139-141
Plasma regions, hollow cathode geometry,
243248
Plate-and-ball testing, molybdenum
electrodes, ion thruster acceterator
egnid, 219-221
Plume emissions:
hollow cathode operation, 311-313
1on and Hall thrusters:
basic properties, 393-395
flight data, 396398
laboratory measurements, 398400
measurements, 395-396
natural gas plumes, 467408
payload interactions, 418-422
microwave phase shift, 418419
physical properties, 395400
plasma optical emission, 419422
primary beam expansion, 400407
secondary-ion peneration, 408--410
spacecrafl interactions, 4104138
particle mmomentuni, 42413
sofar arrays, 415418
sputtering and contamination.
453415
Plume-region plasma, hollow cathodes,
283-292
Poiseuiile flow rate, hollow cathodes,
orifice region plasma, 273280
Perisoning. hiollow cathodes:
lifetime analysis, 304-306
therniionic efectron emission,
254-255
Poisson’s equation:
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Debye plasma boundary sheaths, 7473
electron backstreaming, ion thruster
accelerator grid, 208-216

force transfer, 18-21
plume emissions, secondary-ion
generation, 409410
Positive-going anode sheath:
discharge stability, 135-137
Hall thrusters. dominant power-loss
mechanisms, 351-357
Patential distribution, Hatt thruster
operation, 337-341
Potential drop, ton thruster plasma
generators, 0-D ring-cusp model,
103-105
Power balance model:
Hall thrusters, plasma electron
ternperature, 357-339
hollow cathode. insert region plasma,
264-270)
Power dissipation:
basic pringiples, 30-32
discharpe chamber enerey balance,
124-126
Power processing unit {FPU), flight ien
thrusters, 431440
Power supplies:
direct-current-discharge plasma
genetators, 92-93
Hall thruster potential and current
distributions, 340-341
ion thruster plasma generators:
electrode breakdown. 217-218
0-D ning-cusp model, 105
Predator-prey osciilations:
Hall thrusters, 377-379
hollow cathode operation, 313-315
Pre-sheath potential, plasma boundary
sheaths, 7079
Pressure gradient [orce:
fluid plasma, momentum conservation,
4648
hollow cathodes, insert region plasma,
257-270
Pressure increase, recycling behavior,
135141
Primary beam expansion, plume models,
400407
Primary clectron densities:
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discharge chambers, 120-124
two-dimensional models, 176182
discharge loss, 132133
discharge swbility, 133-137
Hall thruster potential and current
distrbutions, 339--341
ion thruster plasma generator design,
100
Kaufman 1on thrusters, 145-147
0-D ring-cusp model, 108-110
Propellant flow rate:
ring-cusp ion thruster models, neutral
lomization/exeitation, 119-120
thruster efficiency, 28-30
Propellant mass:
rocket equation, 17-18
thrust properlies, 21-24
Pulsed plasma thruster (PPT), 440443
basic properties, 3
Purity standards, hollow cathode poisoning
and, 254-255
Pvrolytic graphite, ion thruster accelerator
grid electrodes, 223

{Quasi-neutral plasma:

boundary sheaths, 71-73

discharge chamber power and energy
balance, 126

Hall thrusters, dominant power-10ss
mechanisms, 353-357

ion thruster plasma generator design.
95-100

radiefrequency (rf) ion thrusters,
152-138

Radial confinement, microwave 1on
thrusters, 108171
Radial magnetic field thruster:
basic properties, 329
direct-current-discharge plasma
generators, 101-107
ionization length and scaling, 335-337
Radial plasma potential profile, hollow
cathodes, keeper electrode wear and
life, 308-309
Radial velocity. primary beam expansion
plume maodels, 402407
Radiation emisstons, microwave 10mn
thrusters, 165171
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Radio-frequency Ton Thruster Assernbly
{RITA), flight ion thrusters,
434440

Radiofrequency (rf) 1on thrusters (RIT):

basic properiies, 148-138
flight ion thrusters, 437440

Randolph’s lormula, primary beam
expansion plume models, 405407

Reaction rate coefficient:

Hall thruster ionization length and
scahng, 334337

1on thruster plasma generator design,
96~ 100

particle collistons, 37-60

ring-cusp ion thruster niedels, neutral
ionizationdexcitation, 118—120

Recycling behavior, ion thruster design,
137-141

Refractory metals, hollow cathodes,
thermionic electron emission,
251-255

Remote sensor umit (RSU), plume
emissions, 396-398

Resistivity, hollow cathode:

Insert region plasma, 259-270
plume-region plagma, 200-292

Resistojets, basic properties, 4

Retarding potenttal analyzer {RPA} data,
plume emissions, 399400

secondary-lon generation, 410

Richardson coefficients, thernuonic
electron emission, hollow cathodes,
252255

Richardson-Dushman equation, thermionic
electron emission, hollow cathodes.
2531-235

Ring-cusp thrusters, discharge chamber
stability, 136-137

Rocket equation, electric thrusters, 1518

Saddie-point magnetic field, ring-cusp ion
thruster models, ton confinement,
115-116

Samariwm cobalt {SmCo} magnets,
microwave ion thrusters, 170—171

Supphite fiber optic probes, holiow cathode
lifetirme measurements, 297-208

Scating parameters, Hall thruster operation,
334-337

Index

Schottky effect, thermionic electron
emission, hollow cathodes, 251-255
Screen curreni-to-beam current ratio,
perveance limit, 205-206
Screen supply, ion thruster plasma
generators, 0-D ring-cusp model.
103
Secondary electron temperature, two-
dimengional discharge chamber
model, § 79-182
Secondary electron yield:
dielectric-watll Hall thruster efficiency,
162-365
Hall thrusters, dominant power-loss
mechanisms, 348-357
Secondary ion measurenents, plume
emissions, 398, 408-410
Setf-heating mechanisms, hollow cathodes,
247-248
plume-region plasma, 283-292
Sheath potentals, Hall thruster
performance, dominant power-loss
mechanisims, 347-357
Sheath voltage, hollow cathodes:
barium depletion model, 268302
insert region plasma, 260-270
Single particle motions, plasma physivs,
3943
Slab geometry, Fick’s law, 63—65
SMART-1 mussion, 3
Solar arrays, plume emissions:
plasma ineractions with, 415418
spacectaft interactivng, 411418
Solenoidal thrusters:
direct-curreni-discharze plasma
generators, [01-107
radiofrequency (rf) 1on thrusters,
155-158
Space-charge-limited current flow, plasma
double sheaths, 85-846
Space charge-limited electron emission,
Hall thrusters, dominant power-loss
mechanisms, 352357
Spacecraft, rocket equation, 153-18
Spacecraft interactions. plume emissions,
410418
particle momentum, 412413
solar arrays, 415418
sputtering and contarmination, 413-415
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Space Expeniments with Particle
Accelerators {SEPAC), plume
plasma optical emission, 419422

Space Sration Contactor (SSC) cathode:

barium depletion model, 301-302
lifetime measurements, 297-29%

Space Technology Experiment Satellite
(STEX), flight thrusters, 440243

Specific impulse (Isp):

basic principles, 25-27

Spot-knocking, 1on thruster accelerator grid,
motybdenum electrodes, 219-221

Spot mode, hollow cathode operation,
31315

Sputtering vield:

Hall thrusters, lifetime analysis, 380--383
plume emissions, spacecraft interactions,
3413413

Standard gas law, electnical thruster density
and ingestion, 32-34

Stationary plasma thrusters (SPTs):

classification, 325

diclectric-wall efficiency, 361-362

flight thrusters, 440443

tonization fength and scaling, 336-337

Iifenme analysis, 380--383

performance efficiency, 344-345

plume emissions, sputtering and
contamination, 414-415

plume emissions measurement, 398

steady-state equatlions, 372-376

Stay-out zones, plume emissions, sputtering
and contamination, 4]13-415

Steady-state equations:

Fick's law and, 6465

hollow cathode:
tnsert region plasma, 268-27(
orifice region plasma, 272-280
plume-region plasma, 284292

hybrid Hall thruster models, 372-376
1ot cureent, 366-372

plume models, primary beam expunsicn

rodels, 400407

Surface-accommodated ions. plume
emissions, spacecraft interactions,
413

Surface particle analysis, hollow cathodes.,
barium evaporation, 294-296

Symbols table, 438461
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Taylor series, pre-sheath potential, 77-79
Temperature effects:
barium depleton model, 298-302
hollow cathodes:
bulk material mnsert life, 302-304
therruonic electron emission, 252 -253
Term: definitions, 450451
Thermal conductivity, fluid plasma energy
conservation, 52-54
Thermal contributions, fluid plasma energy
conservation, 33-54
Thermal expansion. icn thruster accelerator
grid, 206-208
Thermalization, discharge chamber neutral
and pamary densities, 122-124
Thermaltzation nmes, 479482
Thermalized potential, bybrid Haii thruster
models, magnetic field transport,
369
Thermal models, hollow cathodes, 281-283
Thermionic electron emission, hollow
cathodes, 251-255
poisoning effects, 304-306
Three-dimensional models:
discharge chambers, 174-182
primary electron motion and 1onizagion,
176-182
Threshold voltage vs. gap measurements,
1on thruster accelerator grid
electrodes:
carbon-carbon electrodes, 222-223
molybdenum electrodes, 219-22)
pyrolytic graphite, 223
Thrust, basic properties of, 21-24
Thrust-beam plasma potential. Hall thruster
potennal and current distributions,
338341
Thrust correction factor, 24
Thruster mass wiilization efficiency:
hasic principies, 27-3{
specific impulse, 25-27
Thruster with anode layer {TAL):
basic properties, 326-329
dielectric-wall Hall thruster comparison
with, 364-365
duminant power-loss mechanisins,
353357
flight thrusters. 440-443
lifetime analysis, 3833
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Thruster with anede layer (TAL) front.)
melallic-wall efficiency, 363
Time dependent funciion:
Fick's law, 62-63
recycling behavior, 138-141
Total collision frequency, Hall thruster
operation, 331-333
Total discharge power, dielectric-wall Hail
thruster efficiency, 361362
Total energy flux, fluid plasma energy
conservation, 5134
Total 10n beam current:
Hali thruster, muitiply charged ion
corrections, 3346347
ring-cusp ion thruster models, density
calculations, [19-120
Total ion density, plume emissions,
395-396
Total plasma density, Hall thruster, multiply
charged lon corrections, 346-347
Total voltage effect. molybdenum
electrodes, ion thruster accelerator
grid, 219-221
Trajectories, ion thruster accelerator grid,
optics codes. 200-204
Transverse electron traugport, hybrid Hall
thruster medels, 366369
Transverse velocity:
plasma physics, single particle motions,
4143
ning-cusp ion thruster maodels, ion
confinement, 11 [-116, 113116
Traveling-wave tubes (TWT), microwave
1om thrusters, 170-171
Trough contours, hollow cathode, plume-
regien plasma, 291-292
Tungsten matrix, hollow cathodes,
thermilonic electron emission,
252--253
Two-dimengional models:
Hall thrusters, 363-366
hollow cathode:
1asert region plasma, 268-270
plume-region plasma, 283-292
thermial models, 28[-283
hybrid Hall thrusters, steady-state
gguations, 372-376
ion thruster accelerator grid, eleciron
backstreaming, 215-216

Index

ion thruster discharge chamber, 171-182
neutral atom model, 172-175
performance evaluation, 179-182
primary electron motion and

ionization, 176-179

Ultraviolet photon, plume plasma optical
emission, 420422

Under-perveance, ion thruster accelerator
erid trajectories, 202-204

Liniform plasma, ion thruster plasma
generators, 0-D ring-cusp model,
104105

Uniform vertical magnetic field, plasima
physics, single particle motions,
4143

Unpstream reference electron density, ion
thruster accelerator grid trajectories,
201-204

Vacuum applications, hollow cathodes,
thermionic electron emission.
232-255

Yacuum potential, hollow cathede
operation, 309-315

Vacuourmn region, ion thruster accelerator
grid, eleciron backstreaming,
212-216

Variables table, 451458

Velocily volume element, plasma physics,
4546

View-factor model, discharge density,
172-182

Vlasov equation, hyboid Hall thruster, ion
current, 371-372

Wall-scattering frequency, hybrid Hall
thruster models, transverse electron
transport, 368-364

Wirz-Kalz model. discharge chambers.
180182

Work function, thermionic electron
emission, hollow cathodes, 25§-255%

Xenon wotization cross-sections, 471474
Xenon [on Propulsion System (XIPS}, 3
direct-current-discharge plasma
generators, 102
ion thrusters, 429—440
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plume plasma optical emission, 419422
Xcnon jon thrusters, direct-current-
discharge plasma generators, 102
Xenon thrusters, specific impulse, 25-27

0-D ring-cusp model:
discharge loss, 133
discharge stabilisy, 134-137
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electron confinement, 108-110
wn thruster plasma generators, 102105
limitations, 141-142
magnetic multipole boundaries, 105-107
microwave ion thrusters, 165-171
radiofrequency (rf) ion thrusters,
156-158








