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838 INDEX

Axioms:
for quantum theory, 4-5
for symmetry group operators, 65~67
Axis angles, see Darboux angles: Omega
vector

Baker-Campbell-Hausdorf theorem. 705
Banach spaces, 37
Band gap, 99, 122
Band spectra:
for electrons, 115-129
for vibrations, 91-100
Band splitting, 123-128. See also Clusters
and tunneling
approximate tunneling amplitude. 141
Beats, 74,91, 687
in quantum transition, 735
in two-level resonance. 744-747
of 2D-model, 642-643
of forced classical oscillator, 506
Bethe, Hans, 383
Biedenharm, L. C., 437, 578, 683
Bincer, A., 578, 683
Birefringence, 76, 638, 642
Bloch equations, 750-752
dressed, 760
Bloch-Siegert corrections, 748-750
Block waves, 123, 125
for D,, 194
for D¢, 199
“Bodyguards,” 168
Body reference frame, 157, 329, 365-367
Bohr orbitals, 115
for D4, 194
for Dg, 199
Bohr quantization:
EBK-quantization, 718
for rotor, 611,716
Bonding orbitals, 661-662
Boost operator, 705, 725
Born-Oppenheimer approximation, 539, 655
Boson operators, 303-305
for oscillator, 704
in derivation of coupling coefficients,
578-584
in derivation of rotation matrices, 351
Bra and ket vectors, see Dirac notation
Brillouin zone, 96, 116, 126
band boundary states, 120, 194, 199
symmetry properties, 270
Buckminsterfullerene (Cgg), 237
Bulk modulus, 482

C, group, 69, 658
C,H,, CyHy, 677
C; group, 84
G;,, 151

C4Hg, CcHg, 678
Cyy. 158
CgHg (spectra by Pine), 623
CHy, (spectra by Pine), 264
C,, groups. 91
C-matrix. see Crossing matrix
Canonical coordinates, 36, 301
Central operators, see Class operators
CG coefficients, see Clebsch-Gordan
Change of basis, 14
Character formulas, 184-189
for eigenvalues, 189
for irrep frequency, 187
Characters, see also Appendix F.4 and G.5
of C, to C¢, 94
of C,, 80, 114
of C3. 86
of C;,. 186
of Cy, ~ D4. 191
of C,.91-94
of D-.'107. 111
of O ~ T, 233
of 0,235
of R;, 384
of spin-1/2 D,, 411
of spin-1/2 Dg, 409
of spin-1/2 0, 414
Circular polarization, see also Moving waves
coordinates R, L, 638
related to plane, 183, 250, 349, 393, 571, 637
Class algebra:
of C;3, ~ D3, 159
of Cy, ~ Dy, 190
of O ~ Ty, 232
Classes, 159
Oijw ~ D}, 153, 159
of Cy, ~ Dy, 158, 190
of O ~ Ty, 229
Class idempotents, 162, 163
relation to characters, 185, 829
Class operators, 159, 160
Clebsch-Gordan coefficients (finite group):
chain labeled for O D D3 D C), 461-463,
818-819
chain labeled for O D D4 D D,, 454-461,
816-817
defined for finite groups, 452
for T, ® Tiys 454
involving scalar, 464
orthonormality, 466
simply reducible, 486
symmetry, 465
Clebsch-Gordan coefficients (R; or SU,):
1®1,561
% ® 1, 557
formula, 584, 816
introduction, 553
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Clusters of levels, see also Bands
for Cy,, 116, 120
for C; and Cy4, 125
for Dy ~ Cy,, 194
for Dg ~ Cg,, 199
for 0, 262-264
for rigid rotor, 614-615, 617
for semi-rigid rotor, 620-627
splitting amplitude, 141
Coherent states:
of oscillator, 706
of radiation, 775
wavepacket, 709
Coherent Stokes Raman scattering,
784-786
Combpleteness, see also Orthonormality
conditions for amplitudes, 8, 25
of projectors, 23-25
of wavefunctions, 28, 29
Configuration interaction, 670
Conjugate subgroups, 255
Conjugation:
complex, 3
of differential operators, 29
transpose conjugate (1), 8
Conservation of angular momentum, 344
of total, 555
Contact transformation, 687-690
Coriolis coupling model, 634, 641
Coriolis splitting, see Vibrational angular
momentum
Correlation between irreps, 196, 201
Correlation tables, see also Appendix F.5
for D2 * Cz, 615
for Dg § C or C,. 201
for O § D,, 254
for O { D5 or C3, 253, 621
for O § D4 or C,, 252, 621
for Oh *sz, C}v or C4v~ 245
for Ry | Dy, 401, 402
for Ry ¥ Oy, 385, 403
Coset factorization, 251-263
Cosets, 161, 258
Coulomb eigenstates, 425, 433
Coulomb symmetry, 415
Coupled oscillators, see Oscillator
Coupling coefficients, see Clebsch-Gordon
Creation operators, see Boson operators
Crossing matrix, 137
Cross product (X) of groups, see Outer
product of groups
Crystal field splitting, 382-415
compared to MO, 682
details forj = 2, 3, 598-602
for half-integer j, 404-415
for high j, 402-403, 415
CSRS, see Coherent stokes raman scattering

INDEX

D,, 62, 105

Ds, 151

D,, 158

Ds, 825

Dg, 196-202

D, 202-205

D, to Dy, 202-204

Dy, t0 Dy, 202-204

D-functions, see Wigner D-Functions

Darboux angles, 330-333
as 2D oscillation parameters, 635
as two-state parameters, 632, 740
conversion to Euler, 336-337, 354

Davis, M. I, 712, 786, 787

DC-Stark shifts, see Stark splitting

DeLeon, N., 712, 786

Delta functions, see Kronecker or Dirac

Density matrix, 30

Determinants, 47-51, 318

; Diagnolizable matrices, 52, 53

Diagonalization, 15-28

Dielectric constant, 513

Differential operators, 40

Dipole approximation, 497

Dipole operators, see also Vector operators
electric, 276, 349, 497

Dirac delta functions 8(x,y), 38

Dirac notation:
bras and kets, 9-11
for classical problems, 32-36
wavefunctions, 37

Direct product (®), 446-450. See also

Kronecker product

Direct sum (@), 82, 443

Dispersion relations, 95, 122

Dorney, A. J., 683

839

Double groups, 407. See also Spin-1 algebras

Dressed eigenstates, 753-756
Dual space, 21

Eccentricity vector, 416
Eigenchannel, 134
Eigenvalues, 15
average derived by characters, 188
by wavepacket propagation, 711, 717
from secular equation, 17
generalized equation for, 34
Eigenvectors, 15
from adjunct matrix, 27
from projection operator, 19-23
Einstein A and B, 773
Electromagnetic field:
classical theory, 503-523
quantum theory, 761-776
semiclassical theory, 722-738
Electrostriction, 491
Elementary matrix operators, 13
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840 INDEX

Elementary matrix operators (Continued)

in U, 428
of group algebra, 167
Energy bands, see Band spectra
Euler angles, 324-330
as 2D oscillator coordinates, 635
as optical parameters, 641
as two-state coordinates, 630-631
conversion to Darboux by formula, 354
conversion to Darboux by slide rule,
336-337
mechanical definition, 325-327, 378-379
Exchange integrals, 664
External symmetry breaking, see also Stark;
Zeeman
0, D Cy,281
0, D Cy,, 276
0), D Dy, 271

Factored P-operators, 264-269

in SF¢ analysis, 288-294
Factorization lemma, 575
Fano, U., 682
Faraday rotation, 642
Fermi's golden rule, 733, 772
Feynman, R. P,, 54, 517, 633, 634
Feynman’s lever, 517
Feynman-Vernon-Hellwarth picture, 633-634
Fine structure:

for atoms, 565-566

for rotors, 614, 620
Floquet’s theorem, 123
Fluorescence, 783
Force matrix, 31. See also Acceleration matrix
Foucault precession, 641
Fourier analysis compared, 104, 118
Fourier coefficients of potential, 118, 126
Fourier transformation matrix, 39
Franck-Condon distribution, 712
Frequency of irreps, 84, 184

applied to two-particles, 451

character formula for, 187
Frobenius reciprocity theorem, 264-268

Gaussian wavepacket, 709-710
generation of eigenstates, 711-7 16
Gelfand, I. M., 578, 683
Generalized eigenvalue equation, 34
for molecular orbitals, 658, 664, 669
Generators:
of contact transformation, 687
of finite groups, 192, 308
of R;, 338-344
Genuine modes, 182, 208. See also Normal
coordinates
Golden ratio, 237

Golden rule of Fermi, 733, 772
Gordon, R. G., 360, 569, 683
Group, see also Examples Cy; Cy; ... Dy; D3}
..0; Tyetc.
axioms, 65-67
multiplication, 62
number of finite groups, 68
simplest non-Abelian, 151
Group multiplication table, see also
Hamilton turns
for C,, 69
for C;, 85
for C3v ~ D3, 67, 172
for Cy, ~ Dy, 190
for D,, 62
for 0, 231, 794
formula for Ry ~ Us, 355
Group velocity, 122, 690

H,, 554; 654-673
H,*, 654-662
H,0, 676-677
Hamilton’s characteristic function, 692, 711
Hamilton’s equations, 36, 302, 700
related to two-state Schroedinger, 634
Hamilton's principle function, 691, 711, 716,
717
Hamilton-Cayley:
equation (HC Eg), 18,21-23
theorem, 18
Hamilton-Jacobi equations, 694-695
Hamiltonian:
function, 12, 13
matrix, 12
operator, 35
Hamilton’s turns, 154-157
nomogram for D5, 411
nomogram for D3, 157
nomogram for D,, 191
nomogram for Dg, 405, 406
nomogram for 0, 230, 231
R; ~ SU, rotational slide rule, 333-338
related to spinors, 353-357
showing class equivalence, 161
Harmonic oscillator symmetry, 426
Harmonic wavefunctions, see also Spherical
harmonics
for cubic symmetry, 386-394, 398-400, 470
for Dg, 400-402
Harmonics, see Beats and vibrational
overtones
Hecht, K. T, 619, 683
Hecht Hamiltonian, 618-619
Heitler-London model, 662-665
Heller, E. J., 712, 786, 787
Hermitian matrix, 15
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eigensolution properties, 38
Hexagonal symmetry, see D¢
Hiickel approximation, 678
Huygen’s principle, 6, 8

semiclassical view, 701-703
Hyperfine states, H,, 554-560

1,237, 825
IL,237
Icosahedron, see I
Idempotent operators. see also Projection
operators
commuting, 26, 109, 833-835
definition, 20
Idempotent splitting, see Splitting of
idempotents
Identity matrix, 4, 48
Index of refraction, 513

Induced representations, 255-270, 310-311

04 O example, 259
144 O example, 265
for molecular bonding, 679
Induction %, 255-270. See also Correlation
Inertia matrix, for vibrations, 32
Infinitesimal rotations, 338
Infrared spectroscopy, 523
selection rules, 525
Inner product, see Scalar product
Internal symmetry breaking, see
Spontaneous symmetry breaking
Invariant, see Scalar
Inverse:
formula for (Appendix B), 50-51
of matrix, 5, 9, 48
Inversion doublet, 130. See also Two-level
system
related to O cluster, 270
U, theory, 628-629
Inversion operation, 113, 317
Irreducible idempotents P{ = P§:
for Cs,, 166
Irreducible projectors P
for C,, 167-170
for O, 237-245
for Ry, 362-365
general formula, 180, 831-832
general properties, 217-221, 831-833
Irreducible representations, see also
Appendix F.2
complex conjugate of, 464
derivation for C3, ~ D5, 175-177
derivation for Cy, ~ Dy, 191-193
derivation for Cg, ~ Dy, 197-200
derivation for O ~ T, 237-255
derivation for R3, 338-353
derivation for R,, 424

a,
i

INDEX

derivation for Us, 431
introduction for C,, 79-82
introduction for Cj, 86
introduction for C3, ~ D3, 167
orthogonality, 363, 828-831
Irreducible tensorial sets, see Tensor
operators
Irreps, see Irreducible representations
Isomorphic, 114
Isomorphism:
between C, groups, 114
between C3, and Dj, 154
between Cy, and Dy, 158
between O and T, 236
Isotope shift (SF), 299
Isotropic solids, 485, 488
Isotropic space, see Ry symmetry

Jj-cones, see Angular momentum cones
J-polarization, 357
Jahn-Teller theorem, 541-542
dynamic effects, 543
potential, 544
Jaynes-Cummings Hamiltonian, 777
eigensolutions, 781
levels, 782
modified, 780
transitions, 783
Judd, B. R,, 437

Ket and bra vectors, see Dirac notation
Kramer's rule for equations, 51
Krohn, B. J., 535, 536, 537, 623, 683
Kronecker delta 8, 38
Kronecker product ®, see also Tensor
product

of irreps, 446-450

of vectors, 13, 21
Kronig-Penney potential, 128

Lab and body reference, 167, 328-330,
378

for C3, projectors, 173, 174

for quantum rotors, 367
Lab and body symmetry, 372
Lagrange’s theorem for classes, 161
Lagrangian function, 689, 700

of em field, 723
Lagrangian interpolation, 24, 25
Laser, classical response, 520
Legendre functions, 376

related to CG coefficient, 608
Legendre transformation, 688

of Hamiltonian, 689
Lenz-Runge vector, 416
Level splitting, see Splitting of levels
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b5 ey
' E '
= Lie algebras, 315 NH;, 131, 205-216 370 .
s of R3, 341 Nilpotent, irreducible. 167
ﬁ of R4, 418-420 Nilpotent operator, 52, 164 IR0 -
bros of Uy, 427 Nonsingular matrix, 51 o
= Lie groups, 315 Normalizer, 161 ELL T 5
j— Ligand orbitals, 674-677 Normal modes or coordinates, see also all
= Linear independence, 46 Resonant modes TN =
| =t Linear polarization, see Plane polarization C, defined, 72-74
Lissajous figures, 76, 644-647 C; defined, 90 410 =
Local symmetry, 174, 258 C;, defined, 182, 183 L
Local symmetry conditions, 258, 265, 287-289 C, defined, 94, 95 A20 = ~
in R3, 373 D) defined, 108 Y
Lorentz model of spectra, 503 introduction, 32-33 430 P
Ea compared to quantum models, 738 of NH;, 208 L2t
= Louck, J. D., 437, 578, 683 of SFg, 290, 300 440
= Lowering operators, see Boson or raising Normal subgroups, 255
?i operators 450 o 10
— Magnetostriction. 491 AGD i
b Malette. Vincent. 325, 331, 332 =
L Maslov constant. 140. 71§ O Zior 0. 315300 AT0 £
1.} Mass matrix. see Inertia matrix 041 o1 Og and Ry, 321, 418427 8
o Mathieu's equation. 127 Octahedral ssmmetry (0). 227-235 ARD Goain o
Matrices: Omega vector. see also Darboux angles B "B
inner multiplication. & for 2-state Hamiltonian, 631-633 EJI*HI- e £
introduction to. 1 for 2-state resonance, 740-745 5 -3
transformation. 2 for 2D oscillator, 635-636, 641-646 = i f
Matrix diagonalization. see Diagonalization geometry during resonance, 744, 757-758 E,:H Ll H =
Matrix representation. see Representation in Bloch equations, 751 E—q - =
McDowell, R. S.. 306. 535, 536, 537, 623 infinitesimal rotations, 338 2310 70
Minimal equation (MEq), 21-22 rotation axis angles, 330-333 = - =
Minimum uncertainty states, see also rotor angular velocity, 380-382 L =il 'E
Coherent states Optical polarization, 629 . -
of oscillator, 706 circular polarization coordinates, 636-637 =KLl )
Minors, 49 linear polarization coordinates, 636 _
Mnemonic wheels for crystal j-splitting: Orbits of symmetry operations, see Ak 1M
Dy integral j, 402 Symmetry orbits o
Dy integral j, 410 Orthogonal: ok 110
O integral j, 403 groups, 315. See also 0,; Oj; etc.
O half-integral j, 415 matrix, 9 Sl 10
Modes, see Normal coordinates Orthonormality:
Molecular orbital (MO) model, 669 introduction to, 5 ST 0]
compared to VB, 673 of irreducible characters, 833-835
sp-orbitals, 674 of irreducible representations, 363, 828-831 SR 30
spd-octahedral orbitals, 679 of projectors, 23-25, 831-832
Mollow lineshape, 785 of wavefunctions, 38, 39 SO T
Moshinsky, M., 578, 683 Oscillator, see also Resonance, normal modes ] _E-"
Moving waves, 89, 90, 103. See also Circular coherent states, 706 Em ok I E
) polarization coupled, 73-79 = =
} f—_, in C3, symmetry, 184 forced damped, 504-516 Sl 1) B
!'_' in Oy, symmetry, 300 harmonic two-dimensional, 634-636, E. E'
} = Multipole expansions, 394 641-649 - ﬁ-ﬁ 20 0=
f: Multipole functions, see also Spherical in em field, 764-767 —;J =
= harmonics Lorentz, 503 :I-:Ij'rl EL1] 0
= of 03, 382, 611 quantum, 704 i
) 2 of 0y, 383 strengths, 736-738 G40 Y
-
= a5
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Outer product (X) of groups:
applied to D, ~ C; X C5, 111
applied to Do, ~ D2 X C;, 204
applied to D3y ~ Dy X C;, 204
applied to Dg ~ C5 X (,, 197
applied to O3 ~ R: X C;, 319
applied to 0, ~ O X C;, 235
defined, 110
of two-particle symmetries, 446, 450

Outer product 8. see Tensor product;

Kronecker product
Overtones. ¢ Vitrational overtones

Parameter of Lie group O.. 371
of Rs. see Euler angles
Parameter theorem. 497
Parity (03), 352,353
Patterson, C. W., 378, 379, 623, 683, 684
Pauli exclusion principle, 563, 666
Pauli sponors, see Spinor operators:
Quaternions
Permutations, 228
Perturbations, see Symmetry breaking
time dependent theory. "30="322
Peterson. F. R.. 623
Phase velocity, 122, 690, 699
Phasors:
for em field, 763
for forced oscillator, 504
for galloping waves, 103
in 2-state resonance, 742
in 2D oscillator model, 634
in C; oscillator, 90
in C,, oscillators, 94
in radiation response, 522
introduction in C, oscillator, 78, 79
related to coherent state, 706-711
Phonon bands. 96. 99
Photon “impotence”. 773
Photon unit. 762
Pi-bonds. 677
Pine. A. S.. 264. 673. 683
Plane polarization. see also Standing waves
coordinates x, y, 637
related to circular, 183, 250, 349, 393,
571, 637
Plasma frequency, 513
Plyler, E., 619
Poincaré-Stokes vector, 629, 638
components, 640
Point symmetry, 111
Abelian crystal, 112
non-Abelian crystal, 152
Poisson'’s ratio, 484
Polarizability, 512, 514-516
Polarizability, tensor, 527

INDEX 843

for Raman, 529-532
Polarization coordinates, 636-640
Potential energy, see also Acceleration
matrix; Force matrix
introduction, 35-37
of C, oscillator, 75
Power broadening, 748
Projection operators, see also Idempotents
commuting, 26, 109, 833-835
eigenvector projectors, 20-27
elementary definition, 13
general formula for group projectors, 180,
360
general properties, 217-220, 831-832
of C,, 69-71, 79-81
of C3, 86
of Clv ~ D3, 175
of Cyy ~ Dy, 192
of C,, 93
of D,, 106
of O ~ Ty, 237-255
of Rs, 362-365
Projective representations, see Ray
representations

Quadrupole:
operator, 350, 497, 589
perturbation, 271
Quantum rotor, see Rotor
Quaternions, see also Spinors
Quenching of orbitals, 122

R(3) or R;, 315-321
R(4) or Ry, 415-425
Rabi frequency (r), 739, 743, 744, 746,
755
Rabi-Ramsey-Schwinger spin picture,
633-634
Rabi rotation, 643, 746
Racah coefficients, 607, 794
Racah. G.. 682
Radiation, see also Electromagnetic field
classical dipole, 518-519
mechanism (Feynman’s lever), 517
Raising operators, 304, 435. See also Boson
operators
in body frame, 367
in lab frame, 365, 436
Raman scattering, 527-532
CSRS, 784-786
in JC model, 783
selection rules, 929
Ramsauer-Townsend effect, 137
Rank of group algebra, 166
Rank of Lie algebra, 422
Ray algebras, see Spin-¥; algebras

160 5
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844 INDEX

Rayleigh scattering, 514-520, 527
in JC model, 783
Ray representations, 349, 404, 408
RE or RES, see Rotational energy surfaces
Reciprocity relations, 481
Reduced action, see Hamilton’s
characteristic function
Reduced matrix element:
for finite symmetry, 498
for Ry, 597
for rotor, 612
for single electron, 603
for two electrons, 605
Reducible representations, 8, 178
Reflections, 113, 317
and Hamilton’s turns, 154
in Cy,, 153
Regular representation, 170, 171
of D3 ~ C3,,170, 171
of 0, 270, 624
of R4, 420
Renner effects, 543-544
Representation, see also Irreducible
representations
of bra-ket vectors, 10-11
of elementary ey, 13
of operators, 12
reduction, 81, 82, 88, 178-180. 386. 451
Resolvants, 41
Resonance:
for 2-state system, 743-743
for classical harmonic oscillator. 504-512
in C, scattering, 135
in C, system, 74-79
in quantum transition. 735
Resonant modes, see also Normal
coordinates
introduction, 32, 72-74
Response function, 505, 510, 520-523
for quantum transition, 736-738
Root vectors, 423
of Ry, 423
of Us, 430
Rotating wave solutions, 743
Rotational energy surfaces, 609-610
of anharmonic 2D oscillator, 651-654
of harmonic 2D oscillator, 649-650
of rigid rotor, 610, 614
of semi-rigid XY rotors, 620, 627
Rotational product formula, 355
Rotation groups, see R, or R;
Rotation-inversion, 114
Rotation matrices:

irreducible (Wigner D-functions), 348-349

xyz-basis, 379
Rotor:
level splitting of hexagonal rotor, 399-403
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level splitting of octahedral rotor, 397-398
quantum levels. 365-372

quantum wavefunctions. 362-365

rigid rotor energy. 609-618

semi-rigid octahedral. 618-627
wavefunction propagation. 717-721

SF,, 286, 289, 300, 306, 535
SiFy, 314, 537, 623
S-matrix, see Scattering matrix
Scalar operators, for Oy symmetry, 494
Scalar product:
as coupling, 570
elementary review, 45
of bra-ket vectors, 11
Scalar representation, 348
in products. 464. 573
Scattering matrix. 29
in C- system. 132, 138
Schroedinger equations. 15 115,126, 128, 130
in radiaton field. "24. 726,739
related 1o 2D oscillator. 634
semiclassical approximation. 700-701
time dependent. 13. 115, 129. 260
Schulten. K. 360. 369. 683
Schur's lemma. 827-831
Schwinger. J.. 350, 437. 578
Secular equation. 17
problem 1.2.3. 56, 57
Selection rules, 279, 499-502, 503
for infrared, 525
for Raman, 529
Semiclassical quantization, 686, 700-722
Shear modulus, 483
Singular matrices, 51
Smith chart, 511
Spectral decomposition:
of a matrix, 25-26
of commuting matrices, 26
with resolvants, 42
Spectral function, 715
for 2-state resonance, 746-747
from perturbation theory, 733-734
in quantum field, 769, 771
Spectral nomogram, 500
Spherical harmonics Y7, 373-377. See also
Multipole functions
related to Legendre functions, 376
related to Wigner-D functions, 374
Spherical tops, see Rotors; SFs, SiF,; UFg
Spin vector, 588, 631
for 2D oscillator, 635
as Stokes vector, 629
Spin-% algebras:
for D,, 411-412
for Dg, 404-410
for 0, 413-415

E{ 1)

e ol
-
.
e

IR0
3D
A}
A1
A20
A30

kB[]

Aadd
AT

Al

.

B

LA
3
—

age numbers

z

Book
Ln T 2h [ 1
Lh e L Pl
= = = by
- - - -

i
=,
.
-

LN
=l
—

580
S

olHF

umbers

Sa10
o 1|

ag

B 20
e

(oLl

530
a4
650

[atatl]

G0

A1)
%11
L]

11

vl ]

=l
pdf.

Sl

' NLTDErs

K
i

Ch.é pdf. pa

s

L=}

& fumb

[ =]
(=

Ch.7

[A2E NUMDErs

Ch. pdf



williamharter
Stamp

williamharter
Stamp


10 i

20

_:.“. i1l

Al A

I

Fd

:

.
II|IIIl|JII._

Fad

g

g

=
||||1[||||||

pre] L

-, [

L5

i
|||||h_|_|uu|||||]||| |||[||||

e numbers

Ch.2 pdi

& MUMCrs

e numbers

TCh.1 pdf pa

Ch.d4 pdf |'-:|.

i
]

Ul

T
=

Spinor operators of Pauli, 354
axis angle parameters, 631-633
for polarization, 639-640
tensor derivation, 586-588
Spin-orbit coupling, 564-567
Spinor representation D% 348, 630
Spinor states, 2-7, 350, 357, 554, 629
Euler angle parameters, 630-631
Spin polarization, see Stern-Gerlach
experiments
Splitting of idempotents:
for Abelian factor groups, 109
for class idempotents in Cy,, 165
for commuting operators, 27
related to level splitting. 251-252
using O subgroup chains, 237-255
Splitting of levels, 252, 271. See also Stark;
Zeeman
0, crystal field, 383-386, 391, 601
for high J, 608
Spontaneous symmetry breaking, 255,
269-270
in Jahn-Teller effect, 547-548
Standing wave ratio (SWR), 100
Standing waves, see also Plane polarization
D3 ~ C}r’ 89
in Dy symmetry, 192
in Dy symmetry, 198
in O, symmetry, 322
in scattering, 134
in symmetry, 182
related to moving waves, 192, 321, 624
Stark splitting, 132
AC-Stark shifts, 754-760
DC-Stark shifts, 132
dipole, 276, 313
in molecular model, 372
quadrupole, 271, 313
State vectors, 9-11
Stern-Gerlach experiments:
(/ = %) introduction, 2-7, 357
(j = 2) example, 358
(j = 6) example, 359
(j = 20) example, 361
Stokes lines, 529
Stokes-Poincaré vector, 629, 638. See also
Spin vector
components, 640
Strain tensor, 474
Stress tensor. 471
Structure constants, of class algebra, 162
Subduced representations, 195, 255-270
Subduction ({), 195, 386. See also Correlation
Subgroup chain labeling, 240
octahedral, 237-255
Subgroups, 113
for Abelian groups, 112

INDEX 845

for non-Abelian groups, 152

for octahedral groups, 234
Superellipse, 392
Superfine structure:

for rigid rotor, 613-617

for semi-rigid rotor, 620-627
Superposition principle, 10
Susceptibility, see Polarizability
Symmetric rotor or top:

eigenvalues, 370, 612

levels, 369

RE-surface, 610
Symmetry breaking:

applied vs. spontaneous, 255, 269-285

external vs. internal, 255, 269-285

in C, Stark splitting, 132, 271, 276

in Oy, crystal field, 383-386

in Zeeman splitting, 196, 281

introduction in C;5, 97
Symmetry-defined:

elasticity tetradic, 479-480

em fields, 489

operators, 493

polynomials, 470

strain tensor, 474-476

stress tensor, 472-474

tensors, 469-470, 476, 493

vectors, 467-469
Symmetry group, 66, 67
Symmetry operator, 65, 66
Symmetry orbits:

in NH,, 206

in SFg, 287

T, 234,236
1,234,236
T,, 234,236
Tannor, D. J,, 712, 786
Tensor operators, see also Appendix F
4th rank (0y,), 390, 393, 395, 397, 598, 618,
625
6th rank (0y,), 602, 624
for 0, symmetry, 493-495
for R; symmetry, 585-590
tables, 591-596
Tensor or quadrupole representation, 349,
350
Tensor product (®):
in coupling analysis, 570
of ket and bra vectors, 13, 443
of ket and ket vectors, 444
of matrices, 446-450
Tensor theorem, 478
Tetragonal axes, 244
Tetragonal moving-wave irreps, 284-250, 794
Tetragonal standing-wave irreps, 239-243,
794
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Tetragonal symmetry, see Cy4, ~ Dy
Tetrahedral bonding, 675
Tetrahedral symmetry, see T,
Thomas-Reiche-Kuhn sum principle, 738
Traasformation matrix, 2
Transient oscillations, 506
Translation operator, 705
Transpose (or transpose conjugate):
of differential operators, 40
of matrix, 9
Triangular condition, 568
Trigonal axes, 245
Trigonal bonding, 676
Trigonal moving-wave irreps, 251, 794
Trigonal standing-wave irreps, 244-248,
794
Trigonal symmetry, see C3, ~ Dy
Tunneling amplitude:
in C, system, 130
in C, system, 124
in Oy, system, 257, 624
semiclassical, 141
Two-level system:
Cy-like system, 129
parametrized by Euler angles, 630-631
related to O system, 270
relation to U, ~ R;, 629
subject to resonant field, 738-747
Two particle states, 444
atomic (2p ), 561
spin ¥, 554

U, or U(2), 315, 355
U, or U(3), 315, 427
UFg, 297, 305, 536
Unitarity of S-Matrix, 29
Unitarity of transformation matrix, 9
Unitary:
eigensolutions of, 38, 39
groups, 315. See also U, and Us
Unit matrix, see Identity matrix
Unit tensor operators, see also Elementary
operators
matrix, 9
properties, 15

Valence-bond (VB) model, 662-669
Heitler-London, 662
related to MO, 673

Vector or dipole operators, 586, 589

Vector or dipole representation:

of C3, or D3, 177, 178

of O or 0y (Ty,), 241, 244

of Rz, 349

tensorial properties, 467-469
Vector product, 570
Vector spaces:

elementary review, 4447
Vibrational angular momentum:

in 2D-model, 634

in SFg, 301

in X; molecule, 184
Vibrational modes, see Normal modes
Vibrational overtones, 306, 526

in SF, 535

in SiFy, 537

in UFg, 536

quantum basis, 532
Vibronic motion. 538. 546

Watson, J. K. G., 623, 683
Wave packets, see Coherent states
Waves:
galloping, 100-104
moving, 89, 90
standing, 87
Weight vectors:
of Ry, 425
of U3, 431
Wigner 3+ coefficients, see also
Clebsch-Gordan
definition, 576, 584
symmetry, 577
Wigner D-functions, see also Rotor
wavefunctions; Spherical harmonics
as transformations, 364-366
formula, 352, 790
orthogonality, 363, 828-831
Wigner-Eckart theorem:
for finite symmetry, 497-498
for R3, 597, 608
WKBJ approximation, 138

YorY,,seelorl,
Young’s modulus, 484
Young tableau (for C,), 666. 670

Zeeman splitting, 195, 196
in molecular model, 371
Zero-point energy, 709
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