Index

(P) denotes the reference is to a problem

activity, 215
allowed transitions, 168, 174-6
alpha decay, 50-2, 74-82
mean life, 80
series, 82
alpha particles, 33, 40
angular momentum, 16, 230-5
addition of, 2334
conservation of, 4, 77, 97
intrinsic, 2, 16, 232-3
nuclear, 40, 56, 65
orbital, 230-2
photon, 97
anti-particle, 13, 26
atom, 1
atomic
mass unit, 40
number, 1
attenuation coefficients, 207-8
axial coupling constant, 176
axial vector, 16

barn, definition of, 4
baryon, 29

number, conservation of, 30
becquerel, 215

beta decay, 12, 15, 28, 44-50, 163-79
allowed transitions in, 168, 176
electron capture in, 171
energy spectra, 163, 168-71
Fermi theory, 166-8
mean life, 165, 176
muon, 15
parity violation in, 16, 165, 178
stability conditions, 448
stability valley, 48, 49

Bethe formula, 202

‘big bang’ 151

binding energy, 3941
of atomic electrons, 39
of last nucleon, 40, see also

separation energy
of light nuclei, 40-1
per nucleon, 48-9
boson, 2
Breit-Wigner formula, 103-6, 107,
110, 241-4
Bremsstrahlung, 205

carbon dating, 55(P)
centre-of-mass system, 223, 230(P)
chain reaction, 119
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268 Index

Chandrasekhar limit, 154
channel, 99, 223
CNO cycle, 140
compound nucleus, 104
conservation laws
baryon number, 30
charm, 29
electric charge, 15
lepton number, 16
linear and angular momentum, 3
parity, 4, 16
strangeness, 29
symmetry and, 3
cosmic rays, 217
Coulomb barrier
in alpha decay, 76
in nuclear reactions, 109-11, 140
in positron decay, 87(P), 170
critical mass, 121
critical radius, 121, 128(P)
cross-section, 103, 222-7
charged particle, 226
Compton, 209
Coulomb barrier in, 109-11
differential, 34, 224
elastic, 223
fission, 116
inelastic, 89, 117, 223
partial, 224
radiative capture, 117, 223
resonant, 103-6, 2414
Thomson, 211
total, 105, 222
curie, 215

de Broglie relation, 8, 10
decay

channel, 99, 236, 240

rate, 13, 99, 236, 240

rate, partial, 99
delayed neutrons, 86, 118, 122
density of states, 227-30

in beta decay, 169

in gamma decay, 172
integrated, 58, 61, 228
shell model, 58. 61
deuterium, 131, 143
deuteron, 21, 23, 234
quadrupole moment, 23, 25
stripping, 91
dipole, see magnetic dipole moment;
transitions
Dirac equation, 13, 34, 174
direct nuclear reaction, 107, 244
DNA, 214-15
Doppler broadening, 111-12, 124

Einstein mass—energy relation, 8, 10, 39
electric quadrupole moment, 68-72,
73(P)
of deuteron, 23
electromagnetic
field, 3, 7
interaction, 8, 12, 179-84
electron, 1, 13
binding energy in atom, 39
capture, 45, 156, 171-3
degeneracy pressure, 152
scattering by nuclei, 34
spin in beta decay, 173-9
electro-weak theory, 9-12, 173
endothermic reaction, 103
energy level diagram, 92
excitation energy, 89
excited states
decay of, 97-9, 23640
density of, 95
experimental determination, 89-93,
99, 104
mean life, 12, 99
exclusion principle, 2, 43, 58, 152
exothermic reaction, 103
exponential decay law, 12, 236, 238

fermi, definition of, 4
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Fermi
constant, 175
energy, 58, 72(P), 152
golden rule, 240
interaction, 173
theory of beta decay, 166—8
fermion, 2, 13, 19, 21
Feynman diagram, 9
fissile nucleus, 116
fission, 52
energy release in, 83, 118
induced, 115, 119
mean life, 86, 118
spontaneous, 83—7
flavour, 29
flux, 107, 225
forbidden transitions, 168
S Ty value, 185(P)
fusion, 130-5
muon catalysed, 146-8

gamma decay, 97
mean life, 98, 182
theory, 179-83
Gamow-Teller interaction, 173-6
gluon, 3, 22, 26
gravitation, 3, 130, 152-5
gray, 216

hadron, 3, 19-31
half life, 13
hyperfine structure, 56

impact parameter, 200, 226

internal conversion, 184

ionisation, 199, 206, 209
energy, 203, 213(P)

isobar, 33

isomeric state, 99, 185(P)

isotope, 33, 55(P)

isotopic spin, 22

K-capture, see electron capture
k-space, 227

Index 269

Kurie plot, 188-9

Lawson criterion, 145
lepton, 3, 10, 13-17
liquid drop model, 42, 83, 96

magic number, 62, 65
magnetic dipole moment, 13, 66-8
of nucleon, 20
operator, 67
mass number, 33
mean free path, 119, 225
mean life, 12, 236, see also alpha
decay; beta decay; gamma decay
meson, 26
7 meson, 26
o meson, 27
mirror nuclei, 93, 101(P)
moment, see electric, magnetic
multiple scattering, 206
multi-pole, see transitions
muon, 14, 36
catalysed fusion, 146-8
muonium, 18(P)

neutrino, 14-17, 132, 163
atmospheric, 195-6
burst, 159
cross-sections, 186—8
detector, 142-3, 159, 193
mass, 143, 163, 188-9
mixing, 189-93
oscillations, 192-3
solar, 140-3, 193-5
spin, 16, 188

neutron, 1
cross-sections, 116-18, 222-4
detector, 113(P)
magnetic moment, 20
mass, 19
mean life, 28, 177
radius, 19
star, 154, 157
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270 Index

nuclear
angular momentum, 41, 56, 65
binding energy, 39-43
charge distribution, 33-36
electric quadrupole moment, 68—72
fission, see fission
fusion, see fusion
magnetic dipole moment, 66—68
magnetic resonance, 67
magneton, 67
mass, 39-43
matter density, 38
parity, 41, 65
potential, 56-8
power, 121-5, 1436
radius, 39
reaction, 91, 103-13
spin, see angular momentum
time scale, 59
nucleon, 19
—nucleon interaction, 22-8, 52
nucleosynthesis, 155-7, 1601

pair-production, 14, 208, 211
pairing energy, 40, 43, 65, 116
Paris potential, 24-6, 52
parity, 4, 5, 77, 97, 232, 233
non-conservation of, 16, 165, 178-9
partial decay rate, 99
partial width, 99
Pauli matrices, 233
photodisintegration, 156
photo-electric effect, 209
photon, 3, 8
angular momentum, 97
cross-sections, 207-11, 224
parity, 97
spin, 3, 97
plasma, 132, 135, 144
plutonium, 87(P), 124-5, 129(P)
positron, 13, 45
positronium, 18(P), 30
PP chains, 132, 139-40

prompt neutrons, 85, 118, 123
proton, 1

magnetic moment, 20

mass, 19

radius, 19
pseudo vector, see axial vector

quantum electrodynamics, 14, 210
quark, 3, 21-2, 26-31, 173

rad, 216
radiation
absorbed dose, 216
equivalent dose, 216
man-made sources, 218-19
natural background, 217-18
weighting factor, 216
radiative capture, 105, 116, 160, 223
radon, hazard of, 218
range, 205, 212(P)
reaction rates, 135-9, 225
reactor
control of, 1224
fast, 122, 125
fusion, 143-6
thermal, 121
thermal stability of, 124
rem, 216
resonant reactions, see Breit—Wigner
formula
risk assessment, 219-20
r-process, 160
Rutherford scattering, 33, 206, 226

scalar potential, 7-8, 10
scattering, see also cross-section
elastic, 223
inelastic, 89, 117, 223
Schmidt values, 68
selection rules
in allowed beta decay, 176
in gamma decay, 182-3
semi-empirical mass formula, 41-3, 83
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Index 271

separation energy, 59, 93, 127(P) tritium, 144, 146, 189

shell model, 41, 48, 56-72, 94 tunnelling, 77-82, 110-11, 155, 170
sievert, 216

silicon burning, 156-7 uranium, 106, 115-27

spherical harmonics, 60, 231
spin, see angular momentum
spin—orbit coupling, 63-5
s-process, 160

Standard Model, 31, 175, 192
stopping power, 201-6

strong interaction, 3, 19-28 waste, radioactive, 125
Sun, 130-3 wave-equation, 7, 10, 27

supernova, 157-60 W boson, 3, 9, 15, 28, 167, 174
weak charge, 10
weak interaction, 3, 4, 9-12, 28, 44-8,

(1/v) law, 107-8
vector potential, 7,9
virtual process, 9, 15

neutrino burst, 159

symmetry
and conservation laws, 3 131, 134, 163-79
energy, 43, 58, 72(P) weapons testing, 218
Weinberg angle, 187
tau lepton, 14 white dwarf, 153
width

tensor potential, 24-5
Thomson scattering, 211, 213(P) excited state, 99
threshold energy, 92 partial, 99, 236
transitions, 97-100, see also decay resonance, 105, 110-12

electric dipole, 180-2 total, 236
magnetic dipole, 182-3
multipole, 99, 183 Z boson, 3,9, 15
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