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binaries (cont.)
eclipsing, 230, 232, 296
energy of, 206
evolution of, 10, 226, 253, 257, 264, 270, 291–2,

294–5
formation of, 45, 181, 246, 254, 256–8, 264,

270
rate of, 179, 187, 201, 210, 225, 235, 253
stochastic, 226

hard, 24, 179, 180, 183, 185, 189, 199,
201–3, 206, 209, 210, 218, 221–6, 247,
251, 255, 259, 280, 286, 293, 295, 297,
322

hard/soft threshold of, 24, 183, 188, 226, 235,
251

hardness of, 251, 260
motion of, 222
number of, 265
primordial, 181, 229, 233, 246, 247, 251, 253,

255, 258, 259, 261, 263, 264, 270, 272,
273, 276, 282, 296, 298, 299, 301

proportion of, 246, 250, 258, 259, 261, 272,
273, 276

rate of hardening of, 221, 222, 256, 257
soft, 24, 179, 183, 184, 188, 190, 199, 202, 209,

222, 234
spectroscopic, 296
three-body, 250, 254–6, 258, 259, 261, 265, 272,

273, 301
tidal capture, 255, 258, 277, 282, 283, 289
two-body, 258
unresolved, 232
visual, 230

black holes, 4, 21, 65, 89, 103, 177, 178, 219, 227,
254, 255, 279, 280, 321

blow-up, 146, 153, 175

blue stragglers, 11–2, 277, 279, 281, 287, 291–2,
295–6

abundance of, 296

body, ix, x

Boltzmann equation, 85, 87, 164
collisionless, 41, 42, 51, 53, 56, 68, 78, 81, 84,

86, 87, 89, 93, 102, 106, 107, 137
linearised, 55

Boltzmann factor, 19, 188

Boltzmann’s constant, 86, 222

Brahe, 15

branch point, 210

Bulirsch–Stoer method, 213

Burrau, 213

C, 306, 309

C++, 218

c
2
h criterion, 38

calculus, xii

canonical ensemble, 19, 20, 170

canonical equations, 214

canonical momentum, 64

canonical transformation, 107

canonical variables, 93

capture, 21, 179, 194, 196, 198, 237, 248, 284–5
temporary, 286, 293

cat map, 100

catalyst, 255

catastrophe, 254

Cayley numbers, 149

celestial mechanics, 1, 5, 16, 26, 39

central force, 58, 60

centrifugal force, 44, 110, 111

centripetal force, 44

Ceres, 15

Chandrasekhar, xiv

chaos, xi, 5, 10, 15, 21, 26, 91, 100–1, 113, 189,
269, 271, 289

characteristics, 52

Chazy, 185

Chenciner, 195, 197

Chernin, 198

Cheshire cat, 275

chicken, 78

circular motion, 60, 63, 65, 67
stability of, 126, 316

circulation, 242

Clifford algebras, 149

climate, 120

clock cycle, 27

closest approach, distance of, 123–4, 129, 208,
217, 240

CM diagram, 232, 277, 279–81, 298

coalescence, 254, 286, 293

Cohn, xiv

collapse, 16, 17, 22, 79
cold, 266, 316

collective effects, 19, 91, 128

collisions, 34, 39, 41, 42, 69, 137, 144, 149, 150,
204, 208, 211, 277, 281, 284–7, 316,
see also encounters; mergers

atomic, 199, 200
binary–binary, 293
effect of, 287
near-, 277
stellar, x, 1, 5, 11, 51, 87, 231, 282–4, 287, 288,

292, 293, 295, 324
rate of, 277, 284–6, 289–90

three-body, 208
triple, 36
two-body, 34, 35, 119, 207, 209, 216, 266

colour–magnitude diagram, see CM diagram

comet Shoemaker–Levy, 120

comets, 241

common envelope, 291, 295

commutation relations, 320
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complex numbers, 145

complex plane, 204

complex time, 34

computational physics, xii, 23, 214

computer simulation, 4, 5, 19, 125, 149, 180, 229,
see also N-body simulations

computers
analogue, 26
general-purpose, 29
parallel, 25
special-purpose, 2, 26, 88
super-, 25, 26

concentration, 7, 82
central, 72

configuration space, 122, 126

conformal flatness, 319

conic section, 60

continuity equation, 51, 86

continuum limit, 45

contour of integration, 204, 205, 210

convection, 264

convective derivative, 52, 85

convergence, 38

convex function, 96, 102

coordinates
barycentric, 217
comoving, 269
curvilinear, 52
cylindrical polar, 98
generalised, 59, 168
parabolic, 151
plane polar, 126
rotating, 92, 110, 319

core, 7, 11, 131, 157, 180, 183, 223, 224, 227, 234,
246, 250, 253, 256, 257, 259, 260, 262,
264, see also radius, core

luminosity of, 259, 262
volume of, 259

core bounce, 258, 259, 261, 265–7, 272

core collapse, 10, 12, 13, 21, 46, 84, 85, 153, 172,
174–82, 225, 253–6, 258–68, 270, 272,
273, 275, 279, 285, 296, 298, 299, 301

self-similar model of, 177
time scale of, 259, 260

core evolution, 299

Coriolis force, 18, 110, 111, 114

correlations, decay of, 125

correspondence principle, 188

cosmological simulations, 24

cosmology, 17, 216, 266

Coulomb logarithm, 17, 83, 132, 135, 136, 142,
157, 172, 175, 176, 210, 226, 257, 259,
265, 266

Coulomb repulsion, 179

coupling constant, 14

cpu cost, 25

crackle, 213

Cray-T3E, 25

cross section, 123, 179, 180, 185, 199–202, 206–8,
217–9, 226, 247, 252, 259, 297

differential, 201, 206, 207, 209, 218, 219
geometrical, 200

crossing time, 6, 7, 24, 104, 105, 124, 128, 136,
137, 142, 176, 210

curvature, scalar, 122, 126

cut, 322

cutoff, 123, 209, 221, 316

data reduction, 29

Davies, 296

de Vaucouleurs’ Law, 71

Debye length, 17, 21

deflection angle, 123, 130

degeneracy, 75, 203

degrees of freedom, 167–8, 203, 214, 217, 270
external, 23, 235
internal, 23, 54, 234

Dejonghe, xiv, 66

�, 201

density, 50, 69, 73, 83
central, 173, 177
mass, 50
mean, 118
phase space, 50, 52, 95, 98, 130
probability, 49, 50
projected, 72, 74
space, 51
stellar, 8
surface, 72, 235

density contrast, 173
critical, 170

density profile, 176, 285

detailed balance, 201, 207, 209

deuterium, 264

diffusion, 6, 91, 101, 157
Arnold, 101

diffusion coefficient, 87, 138, 139

diffusion equation, 135

Digital Orrery, 26, 29

dimensional analysis, 226

direct summation, 80

disk, circumstellar, 231

dissipation, 92, 166

distribution function, 41, 53, 56, 73, 75, 77, 86, 91,
93, 95, 106, 119, 128

coarse-grained, 95–7, 100
evolution of, 91, 107, 137
Maxwell–Boltzmann, 142, 320
Maxwellian, 21, 54, 69, 71, 135, 136, 141, 159,

160, 162, 164, 188, 210, 222
lowered, 70

one-particle, 50, 54, 68, 78
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divergence-free, 214

donkeys, 45

Doppler shift, 232

drift, 135

duality, 143

dwarf, 219, 295

dynamical astronomy, 39

dynamical friction, 119, 132–6, 158,
250, 299, 303

dynamical systems, 15

e-folding time, 119, 124, 126, 177, 178

E3, 304

Earth, life on, 24, 120

Earth–Moon–Sun system, 236

eccentric anomaly, 61, 241

eccentricity, 60

eclipses, 244

ecology, 11, 277, 280

effective potential, 60

eigenvalue, 207, 208

Eilbeck, xiv

Einstein, 78

Einstein–de Sitter model, 266

elasticity, 128

electromagnetism, 3

elephant, 75

ellipse, 15, 60, 121, 240

elliptic motion, 61, see also Kepler motion;
Kepler problem, etc.

elliptic–parabolic motion, 195

enclosure, 173
adiabatic, 164, 166, 169, 171

encounter term, 86, 137

encounters, 1, 41, 42, 91, 177, 209, 284, 291, 296,
see also scattering; exchange; fly-by;
ionisation; resonance

adiabatic, 180, 202–4, 210
binary–binary, 229, 237, 246, 247–51, 259, 260,

275, 277, 293
binary–single, 173, 179, 183, 189, 199, 200,

222, 237, 259, 260, 277, 291, 293, 295,
297

close, 5, 10, 23, 50, 124, 125, 200–2, 226, 234,
252, 294

cross section of, 220, 224, 259
time scale for, 251

dissipative, 253, 255, 277
distant, 10, 87
fast, 183
few-body, 270, 296
four-body, 54, 154, 229, 235, 279, 291, 298,

299, 301
impulsive, 184
independence of, 130
mass loss in, 290

non-gravitational, 277
parabolic, 210
rate of, 156, 180
specification of, 217, 220
statistics of, 132
three-body, 45, 54, 83, 154, 179–81, 186,

189, 190, 195, 207, 209, 212, 221,
223, 227, 229, 235, 246–8, 250, 254,
256, 258, 275, 279, 294, 296, 298,
299, 301

close, 206, 207, 212
two-body, 36, 46, 51, 87, 103, 106, 119,

129, 136, 143, 153–5, 158, 160,
181, 184, 207, 279, 284, 288, 292,
296–9

close, 208

energy, 23, 38, 42, 53, 68, 79, see also heat
transport; thermal

conduction of, 24, 257
conservation of, 31, 36, 130, 179, 182, 185, 215,

246, 255
external, 182, 251, 264, 265
internal, 182, 225, 251, 264
kinetic, 17, 20, 22, 44, 45, 56, 74, 81, 89,

117, 171
potential, 8, 17, 22, 44, 74, 79, 141, 171
specific, 59, 60
thermal, 85, 169, 257, 263

energy flux, 85, 86, 264, see also heat flux

energy generation, 83, 225, 246, 257, 274, 296,
see also heating

binary–binary, 259–61, 276
rate of, 83, 180, 226, 253, 256, 259, 262, 276,

323
self-regulating, 264
stochastic, 270

energy hypersurface, 139

energy level, 188, 199

energy transport, 10, 85, 89, 170, see also heat
transport

English Channel, 288

entropy, 20, 54, 85, 153, 165, 167, 168, 257
specific, 83

environment, 43, 281, 296
galactic, 284

epicycle, 61, 118

epicyclic frequency, 61, 111

epicyclic motion, 112, 114

equations of motion, 49, 51, 316

equilibrium, 16, 21, 68, 83, 91–4, 96, 100, 101,
112, 128, 142, 153, 164–6, 168, 262, 264,
267, 269, 271

collisionless, 68
dynamic, 16, 17, 21, 75, 79, 81, 84, 87, 93, 98,

101, 103–6, 131, 136, 210
hydrostatic, 85
isothermal, 160
local thermodynamic, 21
quasi-, 17, 85, 101, 128
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equilibrium (cont.)
statistical, 95, 128
thermal, 23, 24, 135, 164, 166, 168, 172
unstable, 92, see also instability
virial, 8, 77, 89, 105, 127, 131, 141, 188, 226

equipartition, 46, 153, 158, 160, 161, 172, 173,
179, 183, 184

equipotential, 112, 113, 231, 290

escape, 9, 18, 19, 21, 40, 46, 61, 70, 71, 81, 91,
97, 101, 105, 106, 110–2, 114–6, 122,
128, 135, 153–8, 177, 185, 186, 190,
193–5, 198, 207, 223–5, 227, 231,
238, 249, 250, 264, 266, 275, 276,
279, 286, 301, 303, 321

of binary, 225
preferential, 155, 158

escape energy, 71, 97, 106, 112, 114, 224, 225

escape rate, 114, 156, 158, 162, 187, 266, 275

escape speed, 21, 98, 160, 184, 192, 193, 292

Euclidean norm, 33

Euler, 149

Euler angles, 217

Euler method, 215, 220

Euler parameters, 149

Euler–Lagrange equation, 319

Euler–Lagrange solutions, 92

evaporation, 10, 18, 276

evaporative model, 79, 80, 82, 84, 142

evolution equation, 78, 119

evolutionary track, 300–2

exchange, 184, 187, 202, 209, 220, 237, 247,
249, 250, 295

prompt, 247, 248
resonant, 186

exclusion principle, 96

existence, 33

exothermic reaction, 246, 247, 255

exponential divergence, 14, 100, 119, 121, 123,
124, 126

external effects, 18, 72, 81, 91, 101, 110, 128,
279, 286

fast motion, 239

Feigenbaum sequence, 253

Fermi, 75

Fermi–Dirac statistics, 97

few-body systems, 39, 43, 180, 254

figure of 8, 196

finite differences, 87

five-body problem, 36

flattening, 81

floating point accelerator, 26

fluid, 42, 50–2

fluid mechanics, xi

fluid models, 80, 82

fly-by, 184, 187, 247–9, 286

Fokker–Planck coefficients, 137

Fokker–Planck equation, 42, 71, 82, 85–7, 119,
125, 135, 137–8, 176–7

orbit-averaged, 138–9, 176

Fokker–Planck model, 80, 84, 88, 161, 164, 170,
225, 255, 268–70, 279

form factor, 79, 82

fortran, 306

four-body problem, 36

four-colour problem, x

Fourier series, 204

fractal, 189, 190, 193, 194, 198

frequencies of motion, 117

friction, 44, 169

galactic bars, 233

Galactic Centre, 6, 233, 304

galactic disk, 5, 6, 8, 116

galactic nuclei, 11, 13, 234, 284

galactocentric radius, 303

galaxies, x, 5, 12
axisymmetric, 110, 111
collisions of, 5, 52, 97
rotation of, 118, 305, 324
spiral, 45

Galileo, 29

gas, xi, 19, 42, 54–5, 69, 74, 82, 85, 87, 128, 137,
160, 169, 231, 301

perfect, 83, 86
stellar, 83, 257

gas dynamics, 54

gas model, 80, 82, 84–6, 89, 164, 177, 262–3,
267–9, 271

gas pressure, 4

gauge invariance, 147

general relativity, 4, 15, 17

geodesic, 119, 122, 126, 319

geodesic deviation, 122

geometric progression, 210, 244

geometry, 32

giant, 231, 235, 266, 268, 286, 295
radius of, 285

Giersz, xiv

globular clusters, see star clusters, globular

Gnedin, xiv

gold, 275, 296

Goodman, xiv, 114, 268

GRAPE, xii, 21, 26–8, 80, 88, 268

graphics, 306

gravitation, ix, 3, 4
constant of, 14, 51
one-dimensional, 125
two-dimensional, 45, 89, 171
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gravitational burning, 221

gravitational focusing, 179, 201, 247, 284, 293
three-body, 207

gravitational lenses, 232

gravitational transmutation, 221

gravitational waves, 227

gravothermal catastrophe, 169, 170

gravothermal oscillations, 10, 14, 84, 85, 253, 263,
268, 271–3, 279

gravothermodynamics, 17, 47, 161, 166, 168

H -theorem, 96, 102

Härm, 157

Hénon, 98, 140, 155, 195, 264, 268, 270

halo, 180, 183, 323

Hamilton, 146

Hamiltonian, 94, 149, 214–5

Hamiltonian dynamics, 38, 52, 64, 239

hardware, xii

heartbeat, 24

heat, 20

heat bath, 20, 41, 43

heat capacity, 169–71, 320
negative, 20, 43–5, 47, 175, 181
positive, 47

heat equation, backward, 175

heat flux, 47, 173, 263, 267, 323

heat transport, 6, 14, 85, 265

heating, 105, 116, 257, 260, 262, 276
binary, 225, 265, 271, 299
binary–binary, 260, 261
binary–single, 261
rate of, 276

Heiles, 98

helium core flash, 268

helium star, 295

Herman, 32

Hermite integrator, 213, 218, 313, 314

Hernquist, xiv

high-energy astrophysics, 281, 282

high-energy physics, 212, 219

Hill’s curves, 112

Hill’s equations, 113

Hill’s problem, 91, 111, 113

Hills, 212, 276

Holmberg, 26

homogeneity, 18

homologous evolution, 79, 175, 177, 276,
300–1, 315, see also self-similar
evolution

Hopf bifurcation, 271

Hopf map, 24, 119

HR diagram, 292, 298

human evolution, 24

Hurley, xiv, 296

hybrid model, 80

hydrogen atom, 188

hydrostatics, 84, 165, 176

hyperbola, 61

hyperbolic motion, 61

hyperbolic–elliptic motion, 195

hyperbolicity, 125

impact parameter, 127, 129, 205, 208, 209, 217

impulse approximation, 202

inclination, 239

incompressibility, 52, 96, 195

independent variable, 35

index, xiii

individual time steps, 25

inertial force, 110, 111

infall, 233

infra-red divergence, 17, 19

inhomogeneity, 21

inner binary, 238

instability, 20, 55, 62, 65, 101, 160, 169–70, 190,
239, 253, 268–9, see also stability

exponential, 120
gravothermal, 168, 170, 172, 267–8, see also

isothermal model, instability of
Jeans, 41, 54, 55, 63, 64, 81
mass segregation/stratification, 153, 161, 178
radial orbit, 63–5

integrability, 2, 38, 91, 93, 121, 195

integral, 38, 148
(non-)isolating, 95, 192

integral equation, 75
Abel, 76

integrals of motion, 38, 41, 60, 95

interaction region, 207

interstellar clouds, 9, 10, 233

invariant, 38, 52, 58, 59, 66, 74, 239

inverse process, 201, 210

inverse square law, 14, 16, 17, 29

ionisation, 184, 187, 202, 207, 218, 222, 248, 249

irrational numbers, 35

isochrone model, 73

isochrone potential, 63, 67

isocline, 69

isolated systems, 59, 101, 103, 110, 114, 115, 154,
158, 253, 263, 266, 272, 276, 300

lifetime of, 270

isothermal distribution, 70

isothermal equation, 69, 171
one- and two-dimensional, 76

isothermal model, 42, 68–71, 76, 164, 166, 169,
170, 173, 175, 177, 323
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isothermal model (cont.)
density in, 265, 290
instability of, 273
singular, 70, 169

isothermal system, 166, 167, 171

isotropic model, 75

Jacobi integral, 112, 113, 115

Jacobi’s equation, 122

Jacobian, 214, 321

Jeans, xiv, 54, 128, 321

Jeans equations, 42, 84

Jeans swindle, 55

Jeans’ Theorem, 53, 68, 77, 95, 137

jerk, 213

Johnston, xiv

KAM Theorem, xii, 193

Kepler, 15, 143

Kepler map, 321

Kepler motion, 59, 60, 62, 98, 108, 121, 130, 149,
151, 155, 236, 238, 240, 241, 284, 316

Kepler orbit, 145, 147, 215

Kepler potential, 61, 63, 317

Kepler problem, 24, 41, 48, 53, 59, 67, 121, 126,
143, 145, 146, 148

five-dimensional, 149

Kepler’s equation, 34, 61, 144

Kepler’s First Law, 60

Kepler’s Third Law, 203, 321

Keplerian approximation, 200

kick, 291

kinematic data, 75

kinetic theory, xi, 20, 83, 134

King model, 42, 68, 70–2, 75, 76, 82, 114, 162,
174, 276, 302

multi-mass, 72

King’s Law, 71

Kolmogorov–Feller equation, 134

Kozai cycle, 242, 243

Kreutz group, 241

KS map, 150, 152

KS regularisation, 119, 146

KS transformation, 148, 149

Kulkarni, xiv

Kustaanheimo, 148

Kuzmin, 138

Lada, xiv

Lagrange, 53

Lagrange points, 112, 114, 118, 275

Lagrangian, 59, 239

Lagrangian shell, 159, 257

Lagrangian time-derivative, 257

Lagrangian variation, 165

Landau, 140

Large Magellanic Cloud, 6

leapfrog, 150, 214–6

Legendre polynomial, 319

Lemaitre, 216

Lenz vector, 119, 145

Levi Civita, 39, 145, 147, 149

Liapounov exponent, 123

Liapounov orbit, 115, 118

light, 26

LIGO, 227

likelihood, 76

limit cycle, 271

line of sight, 74, 315, 317

linear series, 153, 167, 169

Liouville’s equation, 69

Liouville’s Theorem, 52, 196, 318

Littlewood, 196

LMXB, 279, 280

lockstep, 315

log-normal distribution, 304

logistic map, 270

long-range force, 3, 17, 20, 88

luminosity, 13, 89, 257

Lynden-Bell, 138, 233, 317

Lyttleton, 78

M4, 236, 237

M15, 223, 255, 282

M31, 12

M33, 13

M67, 296

M71, 232

magnetic fields, 4

magnitude, 13

Makino, xiv, 215

manifold, 122

Maple, 31, 56, 315

Marchal, 185, 337

Markov process, 134

mass
conservation of, 51
time-dependent, 91

mass function, 6, 272, 274, 275, 279, 281, 285,
298, 299, 302

Miller–Scalo, 104, 318
power law, 104

mass loss, 81, 104–5, 108, 110, 114, 154, 224, 262,
280, 298–300, 302

impulsive, 291
internal, 103
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mass loss (cont.)
stellar, 11

mass overflow, 282, 291, 293, 295

mass segregation, 69, 136, 153–5, 158–60, 162,
174, 178, 224–5, 246, 259–61, 273–5, 279,
286–7, 293, 298–9, 301, 321

primordial, 162

mass spectrum, 270, 280

mass transfer, 10, 293, 295

Mathematica, 31

MATLAB, 306, 307, 309

Maupertuis’ Principle, 122

Maxwell, 128

Maxwell’s equations, 52

Maxwellian, see distribution function,
Maxwellian

McGehee, 146

McMillan, xiv, 213, 215

McVean, xiv

mean free path, 6, 85, 136, 137

mean motion, 60

measure, 34, 195, 196

memory, 26, 27

Mercury, 224

mergers, 10, 231, 289, 292, 293, 295, 297
rate of, 297

Messier, 304

metric, 122, 126, 319
Euclidean, 126

microcanonical ensemble, 20, 170

microphysics, 129

Mikkola, 216

Mikkola & Tanikawa, method of, 215, 216

million-body problem, ix–xi, xiii, 278, 299

Milone, xiv

mixing, 95, 96, 100

model, 78

models of observational data, 42, 75

modes, 21, 72

molecular dynamics, 29

molecules, 6, 19

moment, 119, 131, 138

moment equations, 84, 85

moment method, 80, 86

moment of inertia, 79

momentum, 49

Monte Carlo models, 80, 87

Monte Carlo sampling, 125, 219, 227, 294

Montgomery, 195, 197

Moon, 91, 120, 244, 287, 288, 322

Moore, 196

Moser, 32, 190

mother board, 27

movie, 332, 334

multi-component model, 173

multiples, 266

multiplicity, 188

multipole expansion, 204, 240

N -body codes, 306

N -body equations, 3, 27, 32, 42

N -body integration, 26, 306

N -body methods, 24, 28, 49, 88, 226

N -body models, 78, 80, 93, 268, 296

N -body problem, 1, 14, 32, 37, 58, 79, 91–2,
119–20, 126, 229, 246, 266, 277, see also

one-, two-, million-body problem;
few-body systems

collinear, 35

N -body simulations, 24, 25, 29, 84, 88, 159, 223,
274, 301, 302

N -body systems, description of, 49, 68

N -body units, 8, 76, 276, 315

nσv argument, 123, 124, 200, 224

NBODYx, 306

nearest neighbour, 126, 131, 319

negative definiteness, 166

Nemo, 29

Neptune, 15

neutron stars, 4, 23, 24, 103, 178, 224, 231,
232, 236, 255, 258, 275, 281, 282, 291,
see also pulsars

Newton, 3, 15, 16, 32, 236, 243, 287

Newton’s equations, 88

Newton’s laws of motion, 78

Newton’s Theorems, 22, 59, 315

nodes, 241, 243, 244

Noether’s Theorem, 59, 239

noise, 75

non-dominant terms, 133, 134, 141

non-parametric methods, 42, 76

novae, 284

nuclear reactions, 264

numerical analysis, 23

numerical errors, 178, 213, 215, 216, 219

ω Cen, 230

one-body problem, 120

opacity, 83

open systems, 19

orbit average, 106, 138

orbital motion and relaxation, 137

order (of truncation error), 215

oscillations
coupled, 98, 99
damped, 82, 271
forced, 288
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oscillator, 74, 322, see also simple harmonic
oscillator

damped, 198, 288, 317
one-dimensional, 167

oscillatory motion, 198

Ostriker, 116

output, 26

P3M code, 24

Padmanabhan, 47

Pal 13, 304

parabolic motion, 61, 204

parallelisation, 25

parallelism, 28

parameters, free, 70, 75

parametric methods, 76

partial differential equation, 52, 175

particle collider, 212, 219

PCI, 27

penalty function, 76

pericentre, 60, 215
argument of, 241, 242

perigalacticon, 114, 115

perihelion advance, 224

period, 60, 240
orbital, 63, 124, 300, 301
radial, 54, 63, 107

period-doubling, 253, 269, 270

periodic orbit, 115, 194, 197, 213

periodic table, 298

personal computer, 26

perturbation, 204

perturbation theory
canonical, 238
first order, 204

phase (of binary), 121, 190, 191, 198, 215,
217, 321

phase fluid, 52, 96

phase mixing, 41, 52, 91, 93, 94, 97, 98, 100,
101, 192

phase space, 38, 41, 49, 50, 52, 53, 87, 103, 196

phase space average, 109

phase space volume, 63, 87, 108, 138, 140, 206

physical laws, 78

pipeline, 26, 27

plane of motion, 60

planet, 237

planetary motion, 15

planetary system, 10

planets, extrasolar, 12

plasma, ix, xi, 1, 4, 16, 17, 21, 29, 52, 85, 132,
140

Platonic solids, 143

Plummer model, 42, 50, 68, 72, 74, 77, 82,
89, 124, 157–9, 161, 162, 174, 178,
223, 270

Plummer potential, 62, 77, 113

Pluto, 26

Poincaré, xii, 32, 38, 98, 167, 190

Poincaré map, 191, 192

point mass, 5, 10, 11, 14, 22, 103, 111, 231,
233

Poisson bracket, 52, 93

Poisson fluctuations, 56

Poisson’s equation, 51, 68, 69, 74, 75, 77, 96

polytrope, 42, 73, 74, 76, 317

pop, 213

population, old, 281

Portegies Zwart, xiv, 224, 293

position vector, 32, 49

post-collapse evolution, 10, 107, 253, 255, 266,
270, 272, 274, 275

steady, 273
unsteady, 266

post-collapse expansion, 263, 265, 269, 270,
273

steady, 276

potential, 41, 52, 59, 68–9, 73, 224–5, see also

spherical; Kepler; isochrone; square-well
potential

central, 72, 250, 262
fixed, 58, 77, 91, 96, 98
non-integrable, 98
scaled, 71
slowly varying, 107, 119, 137, 138, 140
time-dependent, 65, 87, 96

potential well, 50, 60, 69, 76, 154, 158, 160, 177,
224, 299

power series, 35, 37

precession, 243, 244

pressure, 4, 83, 89

pressure ionisation, 190

pressure tensor, 63, 83

prograde motion, 114

proper motion, 75

protein folding, 29

Proxima Centauri, 230

Ptolemaic model, 61

pulsars, 232, 282, 291, 296, see also neutron
stars

millisecond, 11, 12, 277, 279

Pythagorean problem, 213

quadrature, 38, 63, 212

quadruple, 10
democratic, 248, 249
hierarchical, 248, 249
temporarily bound, 250
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quadrupole approximation, 204, 324

qualitative behaviour, 38

quantum chromodynamics, 15

quantum electrodynamics, 15, 147

quantum mechanics, 188

quaternions, 119, 146, 148, 150, 320

radial motion, 107, 137, 224, see also period, radial
nearly, 41, 61, 63, 64

radiation, stellar, 264

radiative transfer, 83

radius
core, 6, 71, 72, 74, 131, 176, 256, 257, 259, 265,

272, 273, 276, 300
half-mass, 6, 24, 72, 74, 79, 89, 131, 136, 141,

159, 160, 264, 265, 273, 274, 300
Lagrangian, 82
stellar, 23, 219, 229, 233, 241, 251, 258, 280,

283, 285, 286, 290, 292, 293
tidal, 6, 13, 72, 109, 112, 114, 117, 118, 274–6,

300–2
virial, 7, 13, 74, 79, 89, 251

random numbers, 217, 294
quasi-, 217

random walk, 237, 320

range of scales, 2, 23, 24

Rasio, xiv

rational numbers, 35

reaction rate, 200, 221, 222

rectilinear motion, 120, 210

Redman, x

reduced mass, 61, 182, 222, 287

regular motion, 100, 113

regularisation, 24, 35, 53, 209, 216
chain, 216
numerical, 149

relaxation, 82, 83, 86, 92–5, 97, 101, 114, 124, 128,
134, 158, 175, 176, 258, 264, 301, 320,
323, see also shock relaxation

collisional, 128
two-body, 54, 65, 69, 82, 85, 87, 88, 101, 119,

128, 129, 135, 137, 153, 154, 181, 254,
258, 260, 298, 299, 302, 304

violent, 91, 92, 96, 97, 101, 128, 299

relaxation time, 7, 10, 24, 71, 85, 89, 119, 124, 136,
137, 142, 157, 160, 162, 166, 172, 173,
176, 209, 224, 226, 251, 257, 259–64, 266,
300, 301, 305

central, 174, 175, 177
half-mass, 74, 136, 162, 174, 178, 270, 275, 302

remnant, 103, 161, 291

repulsive force, 19

resonance, 186, 187, 189, 190, 202, 218, 247, 286,
293, 295

democratic, 187, 219, 250
hierarchical, 187, 219, 247, 248

resonance (of frequencies), 45, 63, 65, 100, 102,
117, 239, 318

retrograde motion, 112–4

Ricci tensor, 319

Riemann sheet, 146, 148

rigour, 32

Roche lobe, 295

Roche lobe overflow, 231, 286, 293, 295

Roche radius, 286

Roche surface, 286

Rosenbluth potentials, 133

rosette, 10, 136

rotations (geometric), 147

Ruffert, xiv, 197

runaway, 169, 174

Runge–Kutta methods, 31, 213

Runge–Kutta–Nystrom methods, 214

Runge–Lenz vector, 145, 148

saddle point, 204, 205

saddle-node bifurcation, 167

Salaris, xiv

Salpeter, 104

sand grain, 187, 321

Sandage, 281

satellites, 41, 44, 169
coorbital, 111, 115

scale radius, 74

scaled potential, 72, 74, 290

scaled radius, 165

scaling, 8, 14, 19, 79, 103, 176, 212, 217

scaling model, 80

scattering, 15, 34, 191, 200, 218, 219
atomic, 179, 180, 184, 186, 206, 207
gravitational, 179
irregular, 115
nuclear, 186
numerical, 213, 218, 237, 247, 294

scattering problem, 182

Schuster, 73

Schwarzschild, 268

screening, 3, 17

sea, 318

secular evolution, 101, 239

self-consistent model, 68, 93

self-similar behaviour, 153, 161, 172, 174–6,
301

self-similar evolution, 175, 225, see also

homologous evolution

semi-major axis, 60

semi-minor axis, 61

sensitive dependence, 115, 120, 121, 125, 179, 186,
189, 190, 194
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serial code, 25

shadowing, 125

shock heating, 117

shock relaxation, 116, 128, 303

shocking
bulge, 116, 279, 299
disk, 116, 117, 279, 298, 299, 302–4
tidal, 117, 299

short-range force, 4

Siegel, xii

Siegel exponent, 208

simple harmonic motion, 59, 144, 145, 316

simple harmonic oscillator, 24, 59, 63, 112, 119,
143, 144, 148, 161, 214

simple harmonic potential, 63, 94

Simó, 197

singularity, 33–7, 119, 126, 143, 144, 146, 149,
175, 204, 205

collision, 2, 33, 35, 53, 88, 143

Sitnikov’s problem, 37, 121, 122, 179, 190, 192,
193, 198, 321

slingshot, 155

Smale horseshoe, 179

small systems, 20

small-angle scattering, 82, 87, 130, 134, 153, 155

Smithsonian Museum, 26

smooth potential, 88

smoothing parameter, 88

snap, 213

snapshot, 26

software, xii, 2, 27, 29

SOHO, 115

solar neighbourhood, 11, 233, 285

solar system, 3, 5, 39, 236
stability of, 26, 101

solution, 2, 33, 37, 38, 315
exact, 125

specific heat, negative, 45, 183, 267, see also

heat capacity

spherical potential, 38, 41, 53, 56, 58, 59, 62, 64,
66, 107, 109, 115, 117, 133

non-, 111

spin, 148

spinors, 146, 148

spiral arms, 233

Spitzer, xiv, 136, 157

Spurzem, xiv

square-well potential, 157

stability, 18, 21, 41, 47, 55, 91–2, 95, 101, 118,
120, 166, 168, 173, 195, 197, 229, 271,
see also instability

asymptotic, 92, 95
dynamical, 86, 88
gravothermal, 20, 175

numerical, 218
secular, 264
thermal, 166
thermodynamic, 68, 165

stable focus, 271

stable node, 271

star clusters, ix, x, 3–5, 11, 25, 43, 44, 75, 82, 172,
179, 187, 199, 234, 260, 264, 270, 280,
287, 292, see also stellar systems

binaries in, 229, 230, see also binaries
death rate of, 304
dissolution of, 9, 272, 280, 299, 301, 305
evolution of, 6, 23, 43, 175, 278, 279, 298, 299
evolutionary track of, 300
globular, x–xii, 1, 2, 4–6, 8, 11–3, 24, 25, 71, 76,

78, 101, 110, 115, 160, 177, 184, 229, 231,
234–7, 246, 255, 273, 279, 280, 282–7,
292, 296, 304

ages of, 301, 302
basic facts about, 7
binaries in, 230, 232, 251, 291
colour gradients in, 282
destruction of, 301, 303
lifetime of, 301
masses of, 304
radial distribution of, 304
rotation of, 6
system of, 281, 286, 303, 304

open, 234, 296
young, 6, 162, 246, 286

star counts, 75

Star Wars, 230

Stark effect, 151

Starlab, 29, 219, 252, 294, 306, 314

stars, 277, see also abundances; dwarf; neutron
stars; blue stragglers; yellow stragglers;
white dwarfs

age of, 279
BHB, 279
blue horizontal branch, 280
degenerate, 258, 281
evolution of, xi, 10–2, 20, 24, 88, 103, 154, 173,

224, 234, 262, 279–81, 285, 286, 291, 292,
294, 298–302

faint horizontal branch, 280
formation of, 9
high-velocity, 260
hot horizontal branch, 280
internal energy of, 287, 289
lifetime of, 24, 108, 285
long-period variable, 24
main sequence, 264, 280, 281, 285, 288, 292,

293, 295
orbits of, 10
radius of, see radius, stellar
rotation of, 287, 289, 292
structure of, 20, 82, 83, 165, 264, 289
variable, 279
young, 230

station keeping, 115
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statistical accuracy, 218

statistical description, 68, 78

statistical mechanics, 2, 21, 49, 54, 95, 120,
125, 231

statistical physics, 170

statistical results, 125

statistical weight, 188

steepest descents, 204, 205

Stefan–Boltzmann constant, 83

stellar dynamics, 1, 5, 9, 20, 22–4, 26, 39, 42,
78, 80, 84, 92, 101, 124, 128

collisional, 1, 5, 6, 41, 50, 119
collisionless, 1, 5, 41, 51, 78, 88

stellar systems, 58, 59, 78, 106, see also

star clusters
bound, 104
cold, 63
cool, 105
dense, 10, 11, 13, 41, 78, 80, 174
expansion of, 103, 107, 265–8, 270
gross evolution of, 42, 86, 106, 253,

see also post-collapse
evolution

hot, 210
lifetime of, 275
one-component, 173
radius of, 315
rotating, 81, 174
spherical, 137

stereographic projection, 150

Stiefel, 148

Stodól�kiewicz, 276

Stosszahlansatz, 21

Stumpff variables, 61

Sugimoto, 267, 268

Sun, 115, 230, 262
lifetime of, 24
radius of, 283

sungrazers, 241

supernova, 104, 291

surface brightness, 13, 71, 75

surface of section, 113, 190, 192, 194

survival triangle, 304

symmetry, 38, 59, 74, 111

symplecticness, 32, 33, 149, 214–6

target, 212, 219

temperature, 17, 43, 45–7, 69, 83, 86, 160,
161, 164, 168–71, 174, 222, 257,
267, 320

temperature fluctuations, 268

temperature gradient, 169, 176, 263–5

temperature inversion, 253, 267, 268, 271

test particle, 183

Teuben, xiv

theorems, 32

theoretical physics, 14

thermal conduction, 6, 25, 85, 263, 264

thermal conductivity, 85, 89

thermal time scale, 295

thermodynamics, xi, 17–20, 41, 43, 47, 70, 85, 153,
164, 166, 257

first law of, 85, 257

three-body problem, x, 2, 15, 36–8, 92, 112, 119,
121, 122, 151, 179, 187, 206, 209, 213,
217, 238, see also triples

analytic solution of, 37
isosceles, 211
numerical integration of, 213
periodic solutions of, 92, 196
restricted, 15, 121, 190

three-body processes, 261, see also collisions;
encounters

threshold scattering, 180

tidal approximation, 111

tidal boundary, 275, 299, 301, 305

tidal bulge, 289

tidal circularisation, 295

tidal cutoff, 109, 174, 276

tidal disruption, 300, 302

tidal dissipation, 289, 300

tidal encounters, 258, 292

tidal field, 112, 114, 115, 121, 158, 276, 286, 290,
299, 302

tidal heating, 116

tidal interaction, 289

tidal overflow, 299, 302

tidal radius, see radius, tidal

tidal stripping, 301

tidal tails, 114, 275

tidal truncation, 117, 253, 272, 274, 275, 279,
300, 301

tide, 288, 289, 324
lunar, 112, 118, 236, 245, 287
stellar, 195

time reversal, 21, 149, 185, 187, 195, 201, 215,
216, 321

time scales, 24

time steps, 24, 35, 88, 214, 268, see also individual
time steps

hierarchical, 88

time-translation invariance, 195

topology, 38

torque, 58, 242, 244

toy model, 20, 271

tree, 27

tree code, 24, 80, 88

triple expansion, 207

triples, 10, 19, 88, 186, 221, 223, 230, 232, 233,
236, 266
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triples (cont.)
bound, 195, 249
evolution of, 236, 238, 241, 250
formation of, 236, 237
hierarchical, 198, 219, 229, 236, 237, 239, 243,

244, 247–50, 279
evolution of, 241, 242
formation of, 246

lifetime of, 186
stability of, 238, 249, 250
temporarily bound, 186, 189, 250

turbulence, 29

turnoff, 281, 295

twist map, 192

two-body approximation, 207

two-body problem, x, 15, 32–4, 46, 58, 119, 143,
see also Kepler problem

perturbed, 144

two-body processes, 258, 260, 261, 285, 296,
see also collisions; encounters

ultra-violet divergence, 19, 45

unfolding, 146

uniform medium, 54

uniform sphere, 16, 22
cold, 55

units, 1, 7, 74, 217

Universe
age of, 6, 24
expansion of, 17, 55

unix, 29

Valtonen, 198

variables
conjugate, 239
extensive, 17, 20
intensive, 17

variation of parameters, 118

variation, first and second, 165–8

variational equations, 121, 125, 126

velocity
radial, 12, 75, 77, 230–2
transverse, 77

velocity dispersion, 6, 69, 70, 86, 176, 267
central, 71, 175, 225
one-dimensional, 74, 175

projected, 74
transverse, 63

velocity distribution, 69, 156
isotropic, 87, 107, 132, 157, 217

velocity space, 67

velocity vector, 49

Verlet algorithm, 214

virial equilibrium, see equilibrium, virial

virial estimate, 323

virial oscillations, 79, 82, 89, 124

virial radius, see radius, virial

virial ratio, 105

virial theorem, 18, 22, 42, 48, 79, 81,
86, 89, 136, 162, 171, 320

virialisation, 116, 117, 210

viscosity, 231

Vlasov equation, 51

von Hoerner, 25

wake, 133, 141

Wannier, 207

weak scattering, 129, 130, 154, see also

small-angle scattering

Weinberg, 117

whisky, 24

white dwarfs, 12, 24, 103, 232, 236, 281, 287,
295, 304

wind, stellar, 104

Wlasow equation, 64

work, 224

workstation, 26

X-ray binaries, 11, 279, 282
low-mass, 281

X-ray sources, xi, 12, 229, 231, 232, 277, 281,
296

Xia, 36, 37

yellow stragglers, 281

Zare, 216

zero-velocity surface, 112, 113

zoo, 296
binary, 296
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