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Index

α-string, 114
4-vector, 170

Abelian group, 105
active transformation, 178
adjoint conjugate, 12, 28, 33
adjoint conjugate matrix, 33
algebra

Lie algebra, 97, 104
O(3) algebra, 98, 143, 160
O(4) algebra, 160
SO(3) algebra, 131
SO(3,1) algebra, 175
SU(2) algebra, 143

angular momentum, 61, 122, 131,
143

angular momentum operator,
60, 102, 146, 151, 153

orbital angular momentum , 151
annihilation operator, 46, 47, 50
anticommutator, 25
antilinear operator, 125
antiparticle, 123
antiunitary operator, 183
axial vector, 121, 122
axial vector operator, 121

base vector, 38, 58
basis, 3
boost Lorentz transformation, 171
bra vector, 35

canonical commutation relations, 22,
47, 64

Cartan’s criteria
for semisimple group, 105

Casimir operator, 107
Cauchy sequence, 8
charge conjugate, 123
charge conjugation, 123
chiral transformation, 183
closure relation, 37, 38
commutability, 18
commutator, 18, 22
compact group

compact Lie group, 102
compatibility, 18
compatible observables, 18
completeness, 7

complete vector space, 8
conjugate

adjoint conjugate, 12, 28
charge conjugate, 123

contravariant vector, 113
convergent sequence, 8
covariant vector, 113
cyclic permutation, 108
cyclotron frequency, 60

degeneracy, 16, 38, 110
Kramers degeneracy, 126
m-fold degenerate, 16

dimension, 3
of the irreducible representation,

146
of vector space, 3

Dirac equation, 188
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192 index

Dirac matrices, 194
Dirac spinor, 193
Dirac-Pauli representation of gamma

matrices, 197
direct product

of Hilbert spaces, 57
of operators, 58
of spaces, 20, 57
of states, 21
of vectors, 58, 61

direct product vector, 58, 61
direct sum, 193
discrete

discrete group, 120
discrete symmetry, 120
discrete transformation, 120

dual space, 32
dual vector space, 31
dynamical observable, 14, 15, 20

eigengenerator, 109
eigenstate, 15
eigenvalue, 15
eigenvector, 15
electromagnetic interaction, 198

principle of minimal interaction,
198

vector potential, 198
equation

Dirac equation, 188
Klein-Golden equation, 194, 198
Schrödinger equation, 42, 73, 88

Euclidean space, 2
Euler angles, 136
expectation value, 15, 25, 77

Fourier
Fourier expansion, 66
Fourier transform, 44

4-vector, 170
function

δ-function, 38, 41

state function, 14, 40, 42
wave function, 14, 40, 42, 44, 52,

80
fundamental commutation relation,

20

g-factor of magnetic moment, 200
g-metric tensor of Minkowski space,

170
g-tensor of Lie group, 105
generator

matrix representation, 134, 149,
165, 172, 176, 181

Gram-Schmidt orthogonalization, 5
group

Abelian group, 105
continuous group, 93
discrete group, 120
exceptional group, 118
group generators, 100
homogeneous Lorentz group,

171
infinitesimal generators, 100
invariant subgroup, 105, 128
Lie group, 97, 104
O(3) group, 131
O(3,1) group, 169
O(4) group, 158
proper Lorentz group, 171
r-parameter group, 96
rotational group, 101, 132
semisimple group, 105
semisimple Lie group, 105
SL(2,C) group, 169
SO(3) group, 131
SO(3,1) group, 175
SO(4) group, 175
SU(2) group, 131, 138
symmetry group, 93
translational group, 94, 100
U(2) group, 138

group composition rules, 94
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group generators, 100
group manifold, 95
group parameter, 93
group parameter space, 95
gyromagnetic ratio, 200

Heisenberg
Heisenberg picture, 76
Heisenberg’s uncertainty

relation, 26
helicity, 198
Hermitian

Hermitian conjugate, 32
Hermitian operator, 13–15

Hilbert space, 7, 9, 14, 37, 38
homogeneity, 93
homogeneous Lorentz group, 171
homogeneous Lorentz

transformation, 170

idempotent operator , 13
identity

identity element of a group, 94,
97

identity operator, 9
identity transformation, 97
Jacobi identity, 105, 128

infinitesimal generator, 100
inner product, 3
intrinsic

intrinsic compatibility, 20
intrinsic compatible observables,

20
intrinsic spin, 200

invariance
invariant subgroup, 105, 128

Jacobi identity, 105

ket vector, 35
Klein-Golden equation, 194, 198
Kramers degeneracy, 126

Legendre polynomial, 153
Associated Legendre poly., 153

Lenz operator, 161
Lenz vector, 161
Lie algebra, 97, 104

rank of, 110
standard form of, 109

Lie group, 104
compact Lie group, 102

linear dependent, 2
linear independent, 2
Lorentz boost transformation, 171
Lorentz group

proper Lorentz group, 171
Lorentz spinor, 175, 188

m-fold degenerate, 16
matrix

Λ matrix of Lorentz
transformation, 171

Dirac matrices, 194
orthogonal matrix, 134
Pauli matrices, 141, 165

metric tensor, 170
Minkowski

metric tensor, 169
Minkowski inequality, 27
space, 169

mirror image, 120
momentum operator, 39

norm, 7
of a vector, 36, 139

normal coordinate, 65
null vector, 3
number operator, 48

operator
adjoint operator, 12
angular momentum operator,

60, 102, 146, 151, 153
annihilation operator, 46, 47, 50
antilinear operator, 125
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194 index

antiunitary operator, 183
axial vector operator, 121, 122
bounded operator, 9
Casimir operator, 107
constant operator, 22
continuous operator, 10
creation operator, 46, 47, 50
demotion operator, 50
deviation operator, 25
helicity operator, 198
Hermitian operator, 13–15
idempotent operator, 13
identity operator, 9
inverse operator, 11
Lenz operator, 161
linear operator, 9
momentum operator, 39
null operator, 9
number operator, 48
projection operator, 13, 34, 35,

37, 81
promotion operator, 50
time evolution operator, 72
translational operator, 39
unit operator, 9
unitary operator, 11, 39
vector operator, 121

orthogonal matrix, 134
orthogonal vectors, 6
orthonormal, 6

particle-wave duality, 24
path integration, 86
physical observable, 14
postulate of quantum dynamics, 72
postulates of quantum mechanics, 14

1st postulates of, 14
2nd postulate of, 17
3rd postulate of, 22
4th postulate of, 74

principle of minimum interaction, 59
propagator, 80

proper Lorentz group, 171
proper time, 188
pseudoscalar, 203

recursion formula, 115
relativistic wave equation, 170, 177,

197
representation

Dirac-Pauli representation of
gamma matrices, 197

irreducible representation, 149,
151, 175

irreducible representation of
SO(3,1), 175

n-representation, 52
p-representation, 38
q-representation, 38
standard representation, 197
Weyl representation of gamma

matrices, 196
Rodrigues formula

for associated Legendre
polynomials, 158

for Legendre polynomials, 158
of Hermite polynomials, 52, 54

root vector, 113, 117

scalar product, 3
Schrödinger equation, 42, 73, 88
Schrödinger picture, 76
Schwarz inequality, 4, 5
semisimple Lie group, 105
space

Cn-space, 2
L2(a, b)-space, 2, 4
Rn-space, 2
∗Cn-space, 32
complete vector space, 8
complex vector space, 2, see also
Cn-space

dimension of vector space, 3
direct product space, 20, 57
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dual vector space, 32
Euclidean space, 2, see also Rn-

space
Hilbert space, 7, 9, 14, 37, 38
orthogonal complement space,

13
subspace, 13, 19
vector space, 1, 31

spatial translation, 38, 100
spherical harmonics, 151
spin 1/2 particle, 200
spinor

co-left-handed spinor, 186
co-right-handed spinor, 187
Dirac spinor, 193
left-handed spinor, 178
Lorentz spinor, 175, 188
right handed spinor, 178

standard representation, 197
state, 14

physical state, 14
structure constant, 104
subgroup

invariant subgroup, 105, 128
semisimple Lie group, 105

subspace, 13, 19
symmetry, 93

discrete symmetry, 120
dynamical symmetry, 158
rotational symmetry, 93
transformation, 93
translational, 93

temporal reflection, 125
tensor

antisymmetric tensor, 135, 205
metric tensor, 170

time evolution, 14, 72
time reversal transformation, 120,

123
transformation, 124

active transformation, 178

boost Lorentz transformation,
171

charge conjugate, 123
charge conjugation, 123
chiral transformation, 183
continuous transformation, 120,

183
discrete transformation, 120
homogeneous Lorentz

transformation, 170
identity transformation, 97
Lorentz transformation, 169
orthogonal transformation, 102,

see also O(3),O(3,1),O(4)
group

parity transformation, 120
time reversal transformation,

120, 123
unitary transformation, 78, 131,

see also U(2), SU(2) group
translation, 31, 94

uncertainty
deviation, variance, ∆p, ∆q, 24
Heisenberg’s uncertainty, 26
quantum uncertainty, 45, 89
uncertainty principle, 24
uncertainty relation, 24

unitarity, 140, 141, 176, 177
unitary

unitary group, see U(2),SU(2)
group

unitary operator, 11, 39
unitary transformation, 78, 131

vector
base vector, 38, 58
basis of, 3
bra vector, 35
contravariant vector, 113
direct product vector, 58, 61
4-vector, 170
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ket vector, 35
Lenz vector, 161
linear dependent, 2
linear independent, 2
null vector, 3
orthogonal vectors, 6
orthonormal set of, 6
root vector, 113, 117
state vector, 14
vector space, 1, 31

vector diagram, 116

wave
relativistic wave equation, 170,

177, 197
wave function, 14, 40, 42, 44, 52,

80
wave number, 69, 71


