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51 Pegasus, 12


aberration, , , , , 259
258157148–153152
absorptance, 164

accelerometers, 250–252

adaptive optics, 193–195, 301

adiabatic processes, 67, 70, 82

adiabatic relation, 69–71

aerographite, 199

Airy disk, 188, 277

Algol, 12

aliens. See life, alien

Alpha Centauri, 22, 25–27

amplitude modulation (AM), 281

amplitude shift keying (ASK), 282

antigravity, 322

antimatter


engines, 140–143 
reactions, 139–140


antiprotons, 140

aperture synthesis, 9, 190–192, 301–302

apoapsis, 50

Apollo, 11, 80, 254, 313

Ariane 6, 80, 81

artificial intelligence (AI), 19, 318, 325

atomic clocks, 253

atomic mass unit , 4 
mu

Barnard’s Star, 3, 22, 23, 134

barycentre, 48

barycentric coordinate time (TCB), 250, 281

batteries, 313

beacons (navigation), 257

BepiColombo, 65, 268, 311

bielliptic transfer orbit, 57, 57 

binomial distribution, 289

biosignatures, 20–21

Biot–Savart law, 238

black bodies, 169, 286–287, 298

black body radiation. See Planck function


black holes, 264, 321

blueshift, 154

bow shocks, 213

Brayton cycle, 76, 76
Breakthrough Starshot, 204, 303

bremsstrahlung, 133, 221

brown dwarfs, 22, 23

Bussard ramjet. See ramjet, Bussard


capacitors, 313

carrier waves, 281

Cassini (spacecraft), 64, 310, 314

catalyzed deuterium reaction, 132, 147

channel (communication), 288, 288

channel capacity, 282, 291, 294–296

characteristic energy, 54

chemiluminescence. See photochemical


luminescence

choked flow, 74, 75, 82

CNO cycle, 234

coding, 288

conductivity (electromagnetism), 167

convergent–divergent nozzles, 72, 70–75, 127

coordinate acceleration, 101, 251

coordinate velocity, 100

coronagraphs, 287

cosmic microwave background, 158, 300

cosmic rays, 217

Coulomb barrier, 128

critical mass. See nuclear fission, critical mass


Daedalus, 3, 135, 134–136 
Dawn (spacecraft), 86, 88–91 
de Laval nozzles. See convergent–divergent 

nozzles

dead reckoning, 250

debris disks, 12, 22

Debye length, 244

decibels, 279

decoding. See coding

Deep Space 1, 86, 88
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Deep Space Optical Communications (DSOC), 
276, 297, 305


delta-DOR, 255, 256

deuterium, 129

differential one-way ranging (DOR), 255, 275

diffraction, 8, 188–190, 277, 285

diffraction angle, 189, 209, 300

direct fusion drive, 137, 138

Doppler effect, 153–157, 297


energy conservation, 178, 187

drag, 226–228, 230

Dragonfly (laser sail). See Project Dragonfly

Drake equation, 19

dynamic pressure. See ram pressure


eccentricity, 50

effective exhaust velocity, 31, 37, 102


ion engines, 83

mixed matter–photon rockets, 109

photon rockets, 109

with thrust augmentation, 144


effective temperature, 286

Einstein–Rosen bridge, 321

encoding. See coding

energetic neutral atoms (ENAs), 310

energy efficiency


classical rockets, 38–39

ion engines, 92

laser sails, 180, 181

mixed matter–photon rockets, 111–113

photon rockets, 107

rockets, 114


enthaply, 68

Epsilon Eridani, 12

equivalence principle, 105, 251

error-correcting code, 289–291

escape velocity, 52, 54


solar sails, 162

ethics, 325

Europa Clipper, 308–311

event horizon, 321

Event Horizon Telescope, 191

exhaust, 77

Extremely Large Telescope (ELT), 25, 26, 303


faster-than-light travel, 320

fibre optic gyroscopes. See gyroscopes, fibre


optic

field emission electric propulsion, 91

fission bombs, 116, 119, 125


fission fragment rockets, 122–125

fission pulse rockets, 125–127

force (relativistic), 100–101

frame (communication), 283

Fraunhofer diffraction, 188

frequency modulation (FM), 281

frequency shift keying (FSK), 282

Fried parameter, 193

Friis transmission equation, 278, 301, 316–317


relativistic, 280, 305

fuel, 77


liquid, 77–79

solid, 79–80


fuel cells, 313

fusion drive rockets, 139

fusion pulse rockets, 134


Gaia, 22, 27, 258, 263, 302

Galileo (navigation), 254, 272. See also global


navigation satellite systems (GNSS)

gas turbines, 76

Gauss’s law, 244
general relativity, 28, 105, 251, 320, 321





global navigation satellite systems (GNSS), 10,

271–275 

Global Positioning System (GPS). See global 
navigation satellite systems


graphene, 198

gravitational focusing, 64

gravitational parameter μ, 48 

gravity assists, 61, 62, 59–65, 322


Cassini, 65

Voyager, 60, 64 


gridded ion engines, 86

gyroscopes, 252–253


fibre optic, 252


habitable zones, 14, 15

Hall effect thruster, 91

heat engines, 75–76, 90, 118, 123, 315

helicity drive, 138

heliopause, 27, 212

heliosheath, 213

heliosphere, 212

helium-3 occurrence, 132, 322

Hipparcos, 258

Hohmann transfer orbit, 56, 55–57

Holevo bound, 294–296, 305

Hooke’s law, 251

hyperbolic excess velocity, 54


https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009700429.020
Downloaded from https://www.cambridge.org/core. UNIVERSIDAD AUTONOMA METROPOLITANA, on 11 Nov 2026 at 10:32:06, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009700429.020
https://www.cambridge.org/core


356 Index


hyperbolic navigation, 255, 275

hyperspace, 322


Icarus, 136–137, 302

ideal gas, 69

IKAROS, 172–173

impact parameter, 53

incentive trap, 325, 326

inertial confinement fusion, 131

inertial measurement unit, 253

instantaneous rest frame, 38, 97

instantaneous rockets, 32, 43, 42–43

intensity, 5, 159, 277


relativistic transformation, 157

interferometers, 9, 190

International Celestial Reference Frame (ICRF),


250

International Thermonuclear Experimental

Reactor (ITER), 130




interstellar medium (ISM), 268, 271

interstellar objects (ISOs), 173, 216

irradiance. See intensity

isentropic flow, 67–70, 75


James Webb Space Telescope (JWST), 280

Julian year, 4

Jupiter Icy Moons Explorer (JUICE), 307–311


Ka-band, 254, 276

Kepler’s third law, 50

Keplerian orbit, 48–49, 176


angular momentum, 50, 53

circular, 51–52

elliptical, 49, 50, 51, 50–51

hyperbolic, 54, 53–54

parabolic, 54

radial orbit, 54

relative, 48


Kerr tunnels, 321

kiloton TNT, 125

Kuiper belt, 12, 27, 210


Larmor radius, 127

lasers, 131, 196–197, 297, 302, 303, 310

Lawson criterion, 130

length contraction, 96

life


alien, 52, 325

properties, 18–19

role of water, 16


lightness number (sail), 161


LightSail (solar sail), 171, 171

loading parameters (sail), 161

local bubble, 214, 216

local interstellar cloud, 214, 216

logarithmic spiral orbit, 163–164

Lorentz force, 127, 237

Lorentz transformations, 95

luminosity, 5


Mach number, 73

magnetic confinement fusion, 130

magnetic nozzles, 127, 141

magnetic pressure, 237

magnetic sail braking, 206, 240–242, 247

magnetized target fusion, 138

magnetometers, 310

magnetopause, 237

magnetoplasma sail (MPS), 243

magnetoplasmadynamic (MPD) thruster, 91

magnetosphere, 237

main sequence (stars), 12, 25, 129, 161, 288

Mars Express, 307, 308

Mars Reconnaissance Orbiter, 311

Mars Science Laboratory (Curiosity), 256

mass spectrometers, 308

mean free path, 218

mini-magnetic plasma propulsion (M2P2),


242

modes (communication), 294

modulation, 281–283, 288

motivations, 8–11, 324

μ. See gravitational parameter μ

muons, 140


nanophotonics, 201. See also photonic crystals

National Ignition Facility (NIF), 131

natural guide stars, 193, 194

NERVA programme, 121

neutron activation, 131, 225

neutron multiplication factor, 116

neutron reflectors, 121

neutron stars, 264

New Horizons, 54, 256, 276, 302, 307–309, 314

Newton’s second law, 33


relativistic, 100–101

noisy channel coding theorem, 291

non-Keplerian orbits, 163

nova, 12

nozzles. See convergent–divergent nozzles

NSTAR, 83, 86, 89


https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009700429.020
Downloaded from https://www.cambridge.org/core. UNIVERSIDAD AUTONOMA METROPOLITANA, on 11 Nov 2026 at 10:32:06, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009700429.020
https://www.cambridge.org/core


Index 357


nuclear binding energy, 115–116, 128 
nuclear bombs. See fission bombs 
nuclear electric propulsion, 92 
nuclear fission, 115–120 

antimatter induced, 145

critical mass, 119

delayed neutron emission, 117

fast reactors, 118, 120

moderators, 118

natural reactors, 119

reactors, 118, 119

of uranium, 117


nuclear fusion, 115, 128–131 
nuclear spallation, 225 
nuclear thermal propulsion. See thermal fission 

rocket 
Nyquist rate, 282 

Oberth effect, 55, 58–59, 175 
on–off keying (OOK), 283 
Oort cloud, 27, 210–211, 236 
opportunity cost, 324 
optical phased array. See phased array antenna 
Orion (nuclear rocket programme). See Project 

Orion 
over-expanded flow, 75 

parallax, 23, 27, 151, 258, 259, 275 
Parker Solar Probe, 55, 174 
perfect rockets, 32 
periapsis, 50 
permeability (electromagnetism), 167 
permittivity (electromagnetism), 167 
phased array antenna, 197, 268, 302, 317 
photochemical luminescence, 299 
photodissociation, 15, 20 
photoelectric effect, 221 
photolysis. See photodissociation 
photon recyling, 181, 190 
photon rockets, 106–107, 180, 228 

pure, 110 
photonic crystals, 198, 199 
photosynthesis, 20 
photovoltaics, 89, 172, 312 
Pioneer, 314 

anomaly, 29 
pions, 140 
Planck function, 158, 286 
plasma frequency, 215, 254 
plutonium, 119, 313, 314 

point spread function (PSF), 190, 192 
Poisson distribution, 217, 284 
Poisson’s equation, 84 
positrons, 139 
progress trap. See incentive trap 
Project Dragonfly, 204 
Project Orion, 126 
propellants, 77 
proper acceleration, 101, 226, 251 
proper distance, 96 
proper motion, 23, 258, 271 
proper speed, 108, 114 
proper time, 95 
proper velocity, 100, 108, 227 
proton–proton (p–p) chain, 128 
Proxima Centauri, 22, 26–27, 249, 287 
Psyche (spacecraft), 91, 276, 297 
pulsars, 263–265 
pulse nuclear rocket. See fission pulse rocket 
pulse position modulation (PPM), 283, 294, 296, 

303 

quarter-wave plates, 198 

radar, 310 
radial velocity method, 13 
radiance, 5, 280 

relativistic transformation, 157 
radiation dose, 126 
radioisotope thermoelectric generators (RTGs), 

313, 314, 315, 319 
ram pressure, 237, 244 

solar wind, 211, 245 
ramjet, 227

Bussard, 227–236 
 

Fishback, 234 
ranging (navigation), 254 
rapidity, 108 
reactionless drive, 322 
redshift, 154 
reflectance, 164, 166 
reflectivity, 166 
refractive index, 192, 198 
relay (spacecraft), 316 
rest energy, 94 
retarded time, 181, 182 
rocket equation, 31, 108, 127 

constant gravity, 45 
relativistic, 101–102, 109, 114 

Roman Space Telescope, 287 
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Sagnac effect, 253

Saturn V, 40, 80

scattered disk, 210

Seebeck effect, 313

seeing (astronomical), 193, 285

semi-major axis, 50, 50, 53

semi-minor axis, 50, 53 

sextants, 260, 261

Shannon–Hartley theorem, 291, 292

signal-to-noise ratio (SNR), 284

skin depth, 167

sling shots. See gravity assists

solar apex, 212

solar gravitational lens, 28

solar system barycentre (SSB), 250

solar wind, 211–213, 239

solid rocket boosters, 80

Space Shuttle, 313

spacecraft charging, 221

specific impulse, 37, 109

spectral flux, 5, 286

spectral intensity, 5, 286


relativistic transformation, 157

spectral irradiance. See spectral intensity

spectral radiance, 5, 158, 286, 298


relativistic transformation, 156–157

spectroscopy, 308


transmission, 13, 308

speed of sound, 73

sputtering, 219

staging (rocket), 40–42, 75

star trackers, 263

Stefan–Boltzmann law, 169, 286

Stirling cycle, 315

stopping power, 219, 236

sundiver, 163, 173–176

superconductors, 239

swarms, 317


technosignatures, 21

termination shock, 212

Terrell–Penrose rotation, 153


thermal fission rockets, 120–122

throat (nozzle), 72

thrust, 33–34


ion engines, 85

thrust augmentation, 143–145, 147

thrust-to-power ratio, 87

tidal locking, 15, 26

time dilation, 95, 153, 154, 157, 263, 267, 275,


281

general relativistic, 273


trans-Neptunian objects (TNOs), 210

transit (planet detection), 13, 28, 308

transmittance, 164

trilateration, 272

tritium, 129

true anomaly, 50

twin paradox, 105–106


under-expanded flow, 75

uranium, 117, 118, 121


Variable Specific Impulse Magnetoplasma rocket 
(VASIMR), 91


vegetation red-edge, 21

Very Large Telescope (VLT), 9, 193, 287

very long baseline interferometry (VLBI), 191,


256, 271

virial theorem, 51

vis-viva equation, 49, 163

Voyager, 1, 2, 54, 212, 311, 314


warp drives, 320–321

Whipple shield, 225

white dwarfs, 12, 22, 23, 264

white holes, 321

white noise, 291

Wien’s displacement law, 298

wormholes, 321


X-band, 254, 276


z-pinch, 137
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