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of a continuous group 219
m-fold connectedness 219
of SU(2) 227
of SO(3, r) 221
of U(1) 221
continuous group 209
contravariance 242
contravariant matrix A% = 4~~1 242
conventional coordinates 300
conventional lattice basis 300
conventional sublattice 300
coordinates 102
co-representation 409—10
correspondence rule 178
correspondence theorem 138
correspondence theorem on basis functions 149,
152,370
coset 44
coset decomposition 44
coset enumeration 82, 98
for tetrahedral group 7 99
for octahedral group O 100
for icosahedral group ¥ 100
Coulomb Dirac wave 24
co-unirreps 410, 414
irreducibility criteria 424
of anti-unitary point groups 416
of anti-unitary wave vector space groups 460
type criteria 444
of C¢, C4, Ch 415
of DY, D7 417
of G 414
of the cubic groups 418
orthogonality theorem 422-3
typea 412
type b 412
type c 411
type criteria 425, 427
covariance 242
covering group 276
criterion for a finite group 38
criterion for a subgroup 44
crystal class 295
crystal system 294
crystallographic anti-unitary point groups 461
crystallographic point group 295
cube 76
cubic crystal system 308
cyclic group 27

defining relations

of a group 41

of a crystal class 322

of a proper point group 65, 73
density on a lattice plane 346
diadic notation 56
diagonal matrix 3
diagonalizability 10
dihedral group

of infinite order D,, 39

of order 2n, D, 40,73
dimensionality 102
Dirac plane wave 21
Dirac’s y-matrices 20
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direct product 6
direct product group 51
direct sum 7
DY(@) = D(j)( S) 233
dodecahedron 76
double-centered hexagonal BP 305, 306
double dihedral groups D}, 251
double group 232,247
defining relations 251
double octahedral group O’ 253
double rotation group SU(2) 232
double-valued unirreps of a point group 247

eigenvalue 19
eigenvector 19
elementary basis set 149
energy band eigenfunctions 364
energy bands

for a simple cubic crystal 368

for the diamond crystal 371

of an electron in a crystal 362

of a free electron 365
equivalence criteria for space groups 318
equivalent basis functions 152
equivalent Bloch functions 379
equivalent orbitals 152, 161
equivalent points of a BP 300
equivalent point space S 150
equivalent rotation 62
equivalent scalar functions 149, 153
equivalent scalar orbitals 153
equivalent set of axis-vectors 67, 75
equivalent transformation 8
Euclidean group in three dimensions, £ 289
Euler angles (a, 3, y) 63
Euler—Rodrigues parametrization 55, 226
even (odd) with respect to time reversal 392
exponential form of a proper rotation R(6) 59
exponential form of U(n) 54
external vibrational coordinates 175

face-centered BP 304, 307
factor group 50

factor system 247,268

faithful representation 107
ferrimagnetic 429

ferroelectric crystal classes 408
ferroelectrics 408
ferromagnetic 429
ferromagnetics 407

fiber 49

finite group 37

first Brillouin zone 347

fixed point of plane rotation 292
four group D, 40

fourteen Bravais lattice types 313

frequency of a unirrep in a representation D(G) 126

Frobenius reciprocity theorem 203, 354
full (real) rotation group O(n, r) 57
function of a matrix 5, 8

gauge factor 269

gauge equivalence 269

gauge equivalence class 269
gauge transformation 269
Gaussian elimination procedure 33
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general classification of SALCs 166 infinite group 37, 209
generalized spinors 238 infinitesimal generators
generating operator method 139 of SO(3, r) 218
generating operators 138 of SU(2) 225
generator set for partners 139 of SU(3) 219
generators 66 infinitesimal rotation w 15, 59
glide reflection 291 characteristic equation of @ 60
golden section T 96 w-plane 59
gray group 406, 407 inhomogeneous coordinate transformation 290
gray rotation group G¢ 414 inner automorphism 49
gray space group 429 integral representations
group axioms 37 of a point group 249
group functions 127 of SU(2) 234
group generators 41, 215 internal symmetry coordinates (ISC) 177
group of factor systems 271 of H,O 179
group of general linear transformations GL(n) 5, 38 of COCl, 181
group property 4, 37 of CO3 181
of NH; 182

half-integral representations of CH;=CH, 183

of a point group 249 of CHy 186

of SU(2) 234 internal vibrational coordinates 176, 177
halving subgroup 46 intertwining matrix 18, 24
helicity operator 22 invariant function 143
Hermitian 6, 13 invariant subgroup 45, 46
Hermitian conjugate matrix 6 involutional transformation 17
Hermitian operators 104 involutional, unitary and Hermitian (IUH)
Hermitian scalar product 2 matrix 18
hexagonal BP 305 irreducibility criterion 127
hexagonal crystal system 302 irreducible representations (irreps) 110
hierarchy of crystal systems 313 irreducible star 359
hierarchy of space groups 336 irreps of G associated with an irrep of H(<G)
Hilbert space 102 200
homomorph 49 ISC 179
homomorphic 49 isomorphic 39, 42
homomorphism 48 isomorphism 48
homomorphism between SU(2) and SO(3, r) 229 isomorphism for point groups 88
homomorphism condition 107 isomorphism theorem 50
homomorphism, G/T ~ G 295 isotropic 2
homotopic 222 IUH 18-19
homotopy class 222
Hurwitz density function Jacobi identity 217

for SOG3, r) 214 Jacobian 212

for _S U_(2) 236 Jones faithful representation 72, 321
Hurwitz integral 211
hybrid atomic orbitals 170, 143

kernel 50

icosahedral group, Y 66, 85, 93 kernel of homomorphism 107

icosahedron 76 Kronecker’s delta 20

idempotent matrix 26

identity element 37 Lagrange’s theorem 44
identity representation 107 Laplace theorem 29
image 49 lattice point 293
improper point groups 87-8 lattice vector 293
improper rotation 56 left coset 44
index 44 left coset representative 44
induced basis 190 Lie algebra 215-6
induced representation 189 so(3, r) 218
principal 190 su(3) 218
character of 191 Lie group 210
irreducibility condition for 191, 193-5 lifting of a vertex atom 177
induced representation linear independence 1
by the identity representation 200 linear operators 103
for a solvable group 198 linear transformation 2
casel 199 Liouville operator 392
case II 199, 201 little group 188, 194, 197, 203, 205
from small representations 206 local isomorphism 225
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magnetic Bravais lattices, M 428,431-2
cubic system 432
hexagonal system 433
rhombohedral system 433
tetragonal system 433
orthorhombic system 433
monoclinic system 435
triclinic system 435

magnetic crystal 429

magnetic crystal classes 408

magnetic point group 407

magnetic space group 429

matrix 2

matrix diagonalization 27

matrix expression
of R(6) 60, 61
of R(a, 3, y) 65

matrix representative 105

matrix representation 106

maximal invariant subgroup 46

m-fold face 76

MGGs 316,318

Miller indices 345

Miller’s vector 345

mixed continuous group 210

modulo (mod) 38,317

molecular vibration 174

monoclinic crystal system 309

monomial matrix 190
super 190

multiaxial groups 67

multiplication table
of D, 74
of D), 251
of O 78
of O’ 254

multiplicator 271-2

natural basis 1, 114

n-fold axis of rotation 67

n-fold vertex 76

normal matrix 12

normal subgroup 46

normalized factor system 270

normalizer 45

notations for a small representation of a wave vector
space group Gy 368

O(n, c) 56

O(n, r) 57

0¥ (=0(@3, r)) 58

O3 (=803, r)) 58

octahedral group O 66, 79, 85

octahedron 76

w-plane 59

one- or two-sided axis 68, 82

Onsager’s reciprocity relation 394, 396

orbit 194

orbit of an irrep 277

orbits of the group D, relative to the group 7' 196

order of a group 37, 66

orthogonal 102

orthogonal group O(n, c¢) 55

orthogonality of basis functions 135

orthogonality relations for irreducible
representations 123—4

Index

orthogonality relations

for the unirreps of Lie groups 215

for projective irreps of a point group 249
orthogonalization 103
orthogonality theorem on projective irreps 274
orthorhombic crystal system 307
outer automorphism 49

paramagnetic 429
parameter domain Q for O3 61
parameter space (or domain) 209
parameter space 2’ of SU(2) 226
partner functions of a unirrep 135
Pauli spin 4
Pauling’s criterion on maximum bonding
strength 171
p-equivalence class 269
period of an element 37
permutation group 42
permutation representation 151
point group 66
point lattice 293
polar vector 408
preimage 49
presentation 66
presentation of a group 42
of improper point groups 89
of polyhedral groups P, 79
primitive basis 295
primitive BP 301, 304
principal minors 31
principle of dynamical reversibility 393
projection operator 10, 11, 141
projection operator method 141
based on characters 143
projection operators for a Bravais lattice 298
projective co-unirreps
of anti-unitary point groups 450, 452
three types 450—1
of wave vector point groups 460, 4623
projective equivalence (p-equivalence) 269
projective factor 268
projective regular representation 267, 270
projective representation 220, 268
of a point group 247
projective set 276
of a point group 247
Oof O' 253
projective unirreps
of a wave vector point group 356
of double rotation—inversion groups 283
of C3,; 285
of D,,; 286
of O} 287
of point groups (or the unirreps of the double
point groups) 257
of C, 258
of Dy, 258
of D, 261
of O 252
of T 263
proper (or improper) basis on S 154
proper polyhedral groups P, 75
proper (real) rotation group SO(n, r) 57
proper rotation 56
proper rotation group
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in three dimensions SO(3, ) (= 0*?) 58 shift of the lattice origin 290
SO(n, c) 56 sigma-bonding hybrid AOs 171
proper subgroup 43 similarity transformtion 8
pseudo-vector 408 simple group 82
single- and double-valued unirreps of SO(3, r) 224,
quaternion group Q 43, 108, 229 232,234
quaternions 229 small representations
of a little group 188, 197, 203, 205
rank of a group 42 completeness condition for 206
of a Lie group 219 of a wave vector space group Gy 352, 379
real antisymmetric matrix 13 via the projective representation 354
real exponential form 58 SO(n, ¢) 56
real orthogonal group O(n, r) 57 SO(n, r) 57
real orthogonal matrix 13 SO@3, r) 229
real orthogonal transformation 115 solvable group 188, 197-8
real symmetric matrix 13 space groups 293
rearrangement theorem 37 of the class Dy 316
reciprocal lattice 341, 342 of the crystal class 7 326
of the cubic system 344 T; 327
of the simple cubic lattice 344 0 329
of the body-centered cubic lattice 344 T, 330
of the face-centered cubic lattice 344 0; 331
reciprocal space 342 C; 333
reduced characteristic equation 11, 24 C3; 333
regular polyhedra 75-6 Ds 333
regular representation 109, 151, 190 Csy 334
relevant set of unimodular transformation { U} Ds; 335
319 of the cubic system 323
representation group 268, 272, 274, 278 of the rhombohedral system RH 332
of anti-unitary point groups 446 special orthogonal group SO(n, ¢) 56
Co' 448 special real orthogonal groups
C1" 448 SO(n, r) 57
Cy' 448 SO@3, r) 229
D1’ special unitary group SU(n) 54
T¢'0°" 449 special unitary group in two dimensions SU(2) 224,
T 449 229
P’ 449 special unitary matrix 54
of double proper point groups 279 spectral decomposition 141
response function 403 spinor basis 115
rhombic base of a Bravais lattice 311 spinor invariant 242
rhombohedral crystal system 306, 332 spinor representation 247
rhombohedral BP 305-6 of SO(3, r) 224,232
rotation group O(n, ¢) 56 spinor transformation 55, 224
rotation group in three dimensions spinors 228
0@, r) (=0%) 58 standard factor system 248, 269
rotation—inversion, 57, 88 standard form of a diagonal matrix 28
rotation operator R(@) 115,118 standard projective representation 270
rotation—reflection 57, 88 standard presentation of a polyhedral group 80
rotation vector 58 standard representation of the y-matrices of order
rotation vector of a spinor transformation S(6) 55,225 four 20
stereographic projection 39
scalar product 2 structure constants for a Lie algebra 216
Schmidt orthogonalization 103 SU(n) 54
Schonflies notation 88 subduced induced representation 204
Schur’s lemma 122-3 subduced representation 188, 203
screw displacement 291 subgroup condition for 0" 256
secular determinant 9, 24 subgroups 44
selection rules 144 subgroups of point groups of finite orders 90
rule 1 145 subgroups of proper point groups 82
rule 2 147 super matrix 7
rule 3 148 symmetric Dirac plane wave 23
under a gray point group 470 symmetric group 42
under an anti-unitary point group 464 symmetric stretching 176
self-adjoint 6, 104 symmetry-adapted functions 138
self-orthogonal 2 symmetry-adapted linear combinations
semi-direct product group 51, 289 (SALC) 139, 149

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/0521640628
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521640628 - Group Theoretical Methods and Applications to Molecules and Crystals
Shoon K. Kim

Index

More information

492 Index
symmetry coordinates of vibration type criteria on the co-unirreps of anti-unitary space
of a crystal 377-8 groups 442-3
of the diamond crystal 382
along K points 389 uniaxial group C,, 66
along 4 points 386 uniaxial group of infinite order Co, 39
along X points 389 unimodular integral matrix 297
at L point 388 unirrep DY(S) of SU(2) 232
at X point 386 homogeneity 233
at [ point 385 unitarity 234
at /A point 387 irreducibility 234
symmetry group of transformation operators 117 completeness of { DY(S)} 235
symmorphic space group 295, 383 orthogonality 235
unirreps
of C, 129
tetragonal crystal system 303 of D, 129
tetrahedral group 7' 66, 77, 85 of D3y and Dy 132
tetrahedron 76 of O 134
thirty-two crystal classes 313 of T 133
thirty-two minimal general generator sets (MGGs) of the translation groups 340
of 230 space groups 315, 324 of space groups 358
time correlation function 393 unit factor system 268
time-reversal operator, quantum mechanical 3978,  unitary group in » dimensions U(n) 38, 53
400 unitary irreducible representation (unirrep) 124
time-reversal symmetry unitary matrix 12
classical 391, 394 unitary point group 403
quantum mechanical 396 unitary symmetric matrix 14
of a scalar product 400 unitary transformations 12
trace 3 universal covering group 220, 278
transitions between states of SO(3, r) 232
of different co-unirreps 462
of the same co-unirreps 467 Valence-angle bending 177
transitivity of induction 191 vector addition model 240
translation group 7' 289 vector operator 120
transpose matrix 6 vectors 1, 102
triangular rule 240
triclincic crystal system 311 Wannier function 157
twisted direct product 4XB 466 wave vector 341
two-fold edge 76 wave vector point group 348 .
230 space groups based on 32 minimal general weighted permutation representation of G; 380
generator sets (MGGs) 324 Wyle relation 81
two-point basis 152-3, 159-60 Wyle theorem on proper point group 85
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