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Absorption spectrum, 119, 131
Acceptor level in semiconductor, 338
Acetylene molecule, 267
Actinide elements, 215
Actinium decay series, 396
Activity of radioisotope, 389, 392
Alpha decay, 396
theory of, 404
Alpha particle, 102
Ammonia molecule, 261, 264
Amorphous solid, 317
Angular frequency of wave, 78
Angular momentum:
atomic, 183, 222
molecular, 270
nuclear, 384
spin, 205
Antineutrino, 432, 437
Antiparticle, 432
Antisymmetric wave function, 211, 449
and covalent bonding, 249, 252
Atom:
angular momentum of, 182, 222
Bohr model of (see Bohr atomic model)
classical model of, 113
complex, structure of, 213
energy levels of, 125, 131, 221
mass of, 361
Rutherford model of, 103
Thomson model of, 102
vector model of, 222
Atomic excitation, 131
Atomic number, 104
Atomic orbitals, 254
Atomic radii, 321
Atomic spectrum (see Spectrum)
Auger effect, 237

Balmer series in hydrogen spectrum, 119, 128
Band theory of solids, 334, 346, 352
Bamn, the, 414
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Barrier penetration, quantum theory of, 157, 399
Baryon, 443
Benzene molecule, 268
Beta decay, 369, 408
inverse, 411
Binding energy:
of atomic electron, 214
nuclear, 372, 382
Black body:
properties of, 304
spectrum of, 306, 308
Body-centered cubic crystal, 322
Bohr, Niels, 101
Bohr atomic model, 121, 193
and correspondence principle, 133
effect of nuclear motion in, 129
limitations of, 139
and quantum theory of atom, 193
Bohr magneton, 189, 207
Bohr radius of hydrogen atom, 125
Boltzmann distribution:
of molecular energies, 295
of molecular momenta, 297
Boltzmann factor, 299, 311
Bond:
covalent, 243, 325
hydrogen, 328
ionic, 243, 321
metallic, 331
van der Waals, 327
Bose-Einstein statistical distribution law, 288, 304
derivation of, 300
Boson, 212
Boundary-surface diagram:
of atomic orbital, 255
of molecular orbital, 258
Brackett series in hydrogen spectrum, 120, 128
Bragg planes in crystal, 57
Bragg reflection:
of de Broglie waves, 345
of X rays, 56
Bremsstrahlung, 51
Brillouin zone, 345
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Carbon compounds: Diamond:

hybrid orbitals in, 261, 265 band structure of, 337

saturated and unsaturated, 267 crystal strncture of, 326
Carbon cycle of nuclear reactions, 424 Dirac, P. A. M., 205, 431
Carbon dioxide molecule, vibrational modes of, 280 Donor level in semiconductor, 338
Carbon monoxide molecule: Doppler effect in light, 41

rotational energy levels of, 270, 300 Doublet angular-momentum state, 229

spectrum of, 279
vibrational energy levels of, 275

Center-of-mass coordinate system, 418 Effective mass of electron in crystal, 355
Chadwick, James, 365 Eigenfunction, 149
Chain reaction, 423 Eigenvalue, 148
Charge conjugation, 451 Eightfold way, 452
Cohesive energy of crystal, 322 Einstein, Albert, 10, 47
Collisions, elastic and inelastic, 132 Elastic collision, 132
Complex conjugate of wave function, 75 Electromagnetic field, vacuum fluctuations in, 200,
Compound nucleus, 417 229
Compton effect, 60 Electron:
Compton wavelength, 62 delocalized, in benzeue molecule, 268
Conducting solid, nature of, 352 Dirac theory of, 431
Couservation principles and symmetry operations, magnetic moment of, 188, 205
448 as nuclear constituent, 91, 363
Coordination number of crystal, 322 spin of, 205
Correspondence principle, 133 Electron affinity, 320
and harmouic oscillator, 161 Electron capture by nucleus, 410
Cosmic rays, 20, 437 Electron configurations of elements, 219
Covalent bond: Electrou “gas” in metal, 331
in crystal, 326 energy distribution in, 342
in molecule, 243 Electron orbits in hydrogen atom, 113
and uncertainty principle, 246 Electron shells and subshells in atom, 213, 217
Cross section, 109, 413 Electronegativity, 259
Crystal: Electronic spectrnm of molecule, 281
covalent, 325 Elementary particles:
ice, 329 maltiplets of, 446, 452
ionic, 318 table of, 442
metallic, 331 theories of, 451
molecular, 328 actinide, 215
van der Waals, 328 Elements:
Crystal types, table of, 333 electron configurations of, 219
Curie, the, 389 ionization energies of, 320
Cyclotron resonance in solid, 358 lanthanide, 215

periodic table of, 216
transition, 215

Davisson-Germer experiment, 82 transuranic, 423
de Broglie waves, 73 Emission spectrum, 118, 131
Bragg reflection of, 345 Energy:
diffraction of, 82 binding: of atomic electrons, 213
group velocity of, 82 of nnclens, 372, 382
in hydrogen atom, 122 kinetic, relative to center of mass, 418
phase velocity of, 76, 81 quantizatiou of, and Schrodinger’s equation, 147
waveleugth of, 74 rest, 36
Decay constant of radioisotope, 390 thermonuclear, 424
Delocalized electrons in benzene molecule, 268 uncertainty in measurement of, 92
Deuterium, 362 Energy band in crystal, 334, 346, 352
spectrum of, 130 Energy levels:
as thermonuclear fuel, 427 atomic, 125, 131, 221
Deuteron: of harmonic oscillator, 160
binding energy of, 372 of helium atom, 232
theory of, 374 of hydrogen atom, 125, 180, 230
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Energy levels:
of mercury atom, 234
nuclear, 366, 379, 384, 412, 419
of particle in a box, 151
of rotating molecule, 269, 209
of sodium atom, 230
of vibrating molccule, 275
and X-ray spectra, 235
Equivalence, principle of, 87
Ether, 3, 9
Ethylene molecule, 265
Exchange force, 433
Excitation mechanisms and spectral lines, 131
Excited state of atom, 126
Exclusion principle, 210
repulsion due to, 243
Expectation value, 145

Face-centcred cubic crystal, 322

Fermi, the, 370

Fermi-Dirac statistical distribution law, 288, 310
derivation of, 309

Fermi energy, 332, 339
table of, 342

Fermi gas model of nucleus, 388

Fermi surface, 352

Fermion, 212

Ferrownagnetism, origin of, 222

Fine structure in spectral lines, 203, 207

Fission, nuclear, 420

Fluorescence, 281

Forbidden band iu crystal, 336, 316

Fourier integral, 88

Fourier transform, 88

Franck-Hertz experiment, 131

Fundamental interactions, 444

Fusion, nuclear, 424

Galilean transformation of coordinates, 23
Gamma decay, 412
Gamma ray, 65
Geiger-Marsden experiment, 102
General theory of relativity, 67
Goudsmit, S. A, 205
Gravitational red shift, 66, 68
Graviton, 443
Ground state of atom, 126
Group velocity of waves, 81
Gyromagnetic ratio:

of atomic electron, 188

of electron spin, 207

f, 89, 183

Half life, 380

Harmonic oscillator:
classical theory of, 158
energy levels of, 160

Harmonic oscillator:
quantum theory of, 163
wave functions of, 161
zero-point energy of, 160
Heisenberg, Werner, 89
Helium, energy levels of, 232
Hermite polynomial, 168
Hole in crystal, 338
Hooke’s law, 158
ITund’s rule, 222, 228, 260
Hybrid orbital, 263, 265
Hydrogen:
distribution of molecular speeds in, 299
specific heat of, 285
spectral series of, 119, 128
spectrum of, 229
Hydrogen atom:
Bohr model of, 121
Bohr radius of, 123
classical model of, 113
electron orbits in, 122
energy levels of, 125, 180, 230
probability deusity of electron in, 181
quantum numbers of. 176, 179
quantum theory of, 173, 190
and uncertainty principle, 92
wave functions of, 176, 181
Hydrogen bond in solids, 328
Hydrogen molecular ion, 247
Hydrogen molecule, 252
Hypercharge, 446
Hyperfine structure in spectral lines, 225, 371
Hyperon, 438

lce, crystal structure of, 329
Impact parameter in atomic scattering, 105
Impurity semiconductor, 338
Inelastic collision, 132
Inertial frame of refereuce, 10
Insulating solid, uature of, 352
lonic bond, 243, 321
ITonic crystal, 318
Ionization energy, 319

table of, 320
Isomer, 412
Isatope, 362
Isotopic spin, 446

if coupliug of angular momenta:
atomic, 228
nuclear, 384

Kaon, 438

Lagrauge’s method of undetermined multipliers, 293
Lamb shift in hydrogen spectrum, 230
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Landé g factor, 238
Lanthanide elements, 215
Laser, 311
Length contraction, relativistic, 17, 26
Lepton, 443
Lifetime, meau: of excited state, 420
of radioisotope, 393 ’
Liquid-drop model of nucleus, 380
and nuclear fission, 420
and nuclear reactions, 418
Lorentz-Fitzgerald contraction, 17
Lorentz transformation of coordinates, 22, 26
inverse, 27
LS coupling of angular momenta:
atomic, 226, 232
nuclear, 384
Lyman series in hydrogen spectrum, 120, 128

Madelung constant, 324
Magic numbers in nuclear structure, 384
Magnetic moment:

of atomic electron, 188

of electron spin, 207

of nucleus, 224
Magnetic quantum number, 179, 184
Maser, 314
Mass:

atomic, 361

effective, of electron in crystal, 355

reduced: in hydrogen atom, 129

in molecular rotation, 269
in molecular vibration, 274

relativity of, 30, 33
Mass defect of nucleus, 372
Mass-energy relationship, 35, 37
Mass spectrometer, 361
Mass unit, atomic, 361
Maxwell-Boltzmann statistical distribution law, 287,

293

derivation of, 289
Mean free path, 414
Mendeleev, Dmitri, 215
Mercury, energy levels of, 234
Meson, 443
Meson decay and special relativity, 20
Meson theory of nuclear forces, 433
Metal, electron “gas” in, 331, 342
Metallic bond, 331
Metastable state, 233

and the laser, 312
Methane molecule, 261, 263
Michelson-Morley experiment, 3, 7, 19
Molecular angular momentum, 270
Molecular bond, 243
Molecular energies in a gas, 295
Molecular orbital, 254

boundary surface diagram of, 258

INDEX

Molecule, 243
electronic spectrum of, 281
polar covalent, 259
rotational energy levels of, 269, 299
rotational spectrum of, 272
vibrational energy levels of, 275
vibrational spectrum of, 277
Momentum, angular (see Angular momentum)
Moseley’s law, 239
Maossbauer effect, 72
Multiplets of elementary particles, 446, 452
Multiplicity of angular momentum state, 229
Muon, 437

n-type semiconductor, 338
Neptunium, 423
Neptunium decay series, 394
Neutrino, 409
and antineutrino, 432
mean free path of, 416
and stellar energy, 425
types of, 437
Neutron, 364
decay of, 365, 443
Normalized wave function, 141
Nuclear fission, 373, 420
Nuclear forces;
meson theory of, 433
saturation of, 368
strong and weak, 444
Nuclear fusion, 373, 424
Nuclear reactions, 417
Nucleon, 366
Nucleus, 103
absence of electrons from, 91, 363
angular momentum states of, 384
binding energy of, 372
compound, 417
conditions for stability of, 366
energy levels of, 366, 379, 384, 412, 419
Fermi gas model of, 388
liquid drop model of, 380, 418, 420
magnetic moment of, 224, 364
radioactive decay of, 389
shape of, 371
shell model of, 384
size of, 112, 370, 407
spin of, 364
Nuclide, 362

Occupation index, 311
Orbital:
atomic, 254
hybrid, 263, 265
molecular, 254
Orbital quantum number, 179, 180
Orlhohelium, 232

Oxygen, distribution of molecular speeds in, 299



p-type semiconductor, 338
Pair production, 63
Parahelium, 232
Parity, 449
Particle in a box:
energy levels of, 151
quantum theory of, 149
wave functions of, 154, 156
Particle diffraction, 82
Paschen series in hydrogen spectrum, 120, 128
Pauli, Wolfgang, 210, 409
Periodic law, 215
Periodic table, 216
Pfund series in hydrogen spectrum, 120, 128
Phase space, 288
Phase velocity of wave, 81
Phosphorescence, 283
Photoelectric effect, 43
and gamma-ray absorption, 65
theory of, 47
Photon, 49
“mass” of, 66
Pion, 436
Planck’s constant, 47
Planck’s radiation formula, 308
Plutonium, 423
Polar molecule, 259, 327
Positron, 410, 432
Principal quantum number, 180
Probability density, 74
Proper length, 17
Proper tine, 12
Proton, 362
Proton-proton cycle of nuclear reactions, 424

Quanta, 47
Quantum electrodynainics, 200
Quantum mechanics, 139
Quantum number:
of Bohr orbit, 124
electron spin, 205
magnetic, 184
nuclear, 384
orbital, 180
of particle in a box, 151
principal, 180
rotational, 270
spin magnetic, 206
vibrational, 275
Quantum theory:
of bharrier penetration, 157, 399
of deuteron, 374
of harmonic oscillator, 163
of hydrogen atom, 190
of light, 47
of particle in a box, 149
of radiative transitions, 196
Quark, the, 451

Radiative transitions, 196

allowed and forbidden, 199
Radioactive decay, 389
Radioactive series, 393
Rare-earth elements, 215
Reduced mass:

of electron in hydrogen atom, 129

in molecular rotation, 269

in molecular vibration, 274
Relativistic formulas, 37
Relativistic mass increase, 30, 33
Relativity:

general theory of, 67

special theory of, 10
Resonance particle, 440
Rest energy, 36
Roentgen, Withelm, 51
Root-mean-square molecular speed, 297
Rotational energy levels of molecule, 269

relative populations of, 299
Rotational quantum number, 270
Rotational spectrum of molecule, 272
Rutherford atomic model, 103
Rutherford scattering formula, 111, 117
Rydberg, the, 214
Rydberg constant, 120, 128

effect of nuclear motion on, 130

Saturated carbon compound, 267
Schrisdinger’s equation, 141

for deuteron, 375

for harmonic oscillator, 1683

for hydrogen atom, 175

for particle in a box, 150

steady-state form, 147

time-dependent form, 144

validity of, 144
Selection rules:

for atomic spectra, 198

for rotational spectra, 272

for vibrational spectra, 276
Semiconductor, 338, 352
Shell:

atomic electron, 213

closed, 217
Shell model of nucleus, 383
Shielding, electron, in atom, 218, 319
Simultaneity and relativity, 15
Singlet angular momentum state:

of atom, 229

of helium, 232

of nucleus, 379
Sodium:

band structure of, 333

euergy levels of, 230
Sodiumn chloride crystal, 244
Solids, crystalline and amorphous, 317
Space quantization of angular momentum, 185, 207
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Specific heat of hydrogen, 285
Spectral lines:
fine structure in, 203, 207
hyperfine structure in, 225, 371
origin of, 127, 196
Zeeman effect in, 189, 204
Spectral series, 119
Spectrum:
absorption, 119, 131
band, of molecule, 119
black-body, 306, 308
electronic, of molecule, 281
emission, 118, 131
of helium, 232
of hydrogen, 119, 127, 229
of mercury, 234
rotational, of molecule, 272
of sodium, 230
of sun, 119
vibrational, of molecule, 277
X-ray, 235
Speed, root-mean-square, of molecule, 297
Spherical polar coordinates, 174
Spin:
electron, 205
of elementary particles, 442
isotopic, 446
neutrino, 409, 432
nuclear, 364, 386
Spin magnetic quantum number, 206
Spin-orbit coupling:
in atom, 207
in nucleus, 384
Stars:
energy production in, 424
white dwarf, 371
Statistical mechanics, 287
Statistical weight of energy level, 299
Stefan-Boltzmann law, 308
Stern-Gerlach experiment, 207

Stirling’s formula for logarithm of a factorial, 291

Strangeness number, 444
Strong interaction, 444
Subshell:
atomic electron, 213
closed, 217
order of filling, 218
Symmetric wave function, 211, 449
and covalent bonding, 249, 252

Symmetry operations and conservation principles,

448

Term symbol of atomic state, 229
Thermionic emission of electrons, 48
Thermonuclear energy, 424
Thomson atomic model, 102
Thorium decay series, 394

Time dilation, 12, 14, 27

INDEX

Time reversal, 450
Transition elements, 215

Transitions, radiative: allowed and forbidden, 199

quantum theory of, 196
spontaneous and induced, 311
Triplet angular momentum state:
of atom, 229
of helium, 232
of nucleus, 379
Tritium, 362
Twin paradox, 16

Uhlenbeck, G. E., 205
Uncertainty principle, 89
and angular momentum, 98, 186
and covalent bonding, 246
and energy measurement, 92
and meson theory of nuclear forces, 435
and particle in a box, 151, 156
and phase space, 288
and resonance particles, 441
and time intervals, 92
Unsaturated carbon compound, 267
Unséld’s theorem, 201
Uranium decay series, 395

Vacuum fluctuations in electromagnetic field, 200,

229

Van der Waals crystal, 328
Van der Waals force, 327
Vector model of the atom, 222
Velocity:

group, 81

phase, 81
Velocity addition, relativistic, 28
Vibrational energy levels of molecule, 275
Vibrational spectrum of molecule, 277
Von Laue, Max, 52

Water molecule, 260, 264
vibrational states of, 280

Water molecules, hydrogen bonds between, 329

Wave equation, 141

Wave function, 74, 140
antisymmetric, 211, 449
complex conjugate of, 75
of deuteron, 379
of harmonic oscillator, 168
of hydrogen atom, 176, 181
normalized, 141
parity of, 449
of particle in a box, 151, 153, 156
symmetric, 211, 449

Wave group, 79
and uncertainty principle, 86
velocity of, 81



Wave number, 78

of electron in crystal lattice, 345
Wave-particle duality, 85, 93
Weak interaction, 444
White dwarf star, 68, 371
Wien’s displacement law, 308
Work function of surface, 48

X-ray spectra, 235
X-ray spectrometer, 58
X rays, 51

absorption of, 65

X rays:
diffraction of, 56
scattering of, 66

Yukawa, Hideki, 434

Zeeman effect, 189
anomalous, 204
Zero-point energy of harmonic oscillator, 160
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