
Appendix C

Matrix representations

In many of the calculations we use some conventional matrix representations.
In this appendix we show the representations of those matrixes. In section 3.1,
we have the following matrixes.

ηνρ =


1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 (C.1)

which is the space-time tensor of four dimensions of the Minkowski space.

(Mµν) :=


0 −K1 −K2 −K3

K1 0 J3 −J2

K2 −J3 0 J1

K3 J2 −J1 0

 (C.2)

where

(J1)µν =


0 0 0 0
0 0 0 0
0 0 0 i
0 0 −i 0

 , (J2)µν =


0 0 0 0
0 0 0 −i
0 0 0 i
0 i 0 0

 (J3)µν =


0 0 0 0
0 0 i 0
0 −i 0 0
0 0 0 0



(K1)µν =


0 i 0 0
−i 0 0 0
0 0 0 0
0 0 0 0

 (K2)µν =


0 0 i 0
0 0 0 0
−i 0 0 0
0 0 0 0

 (K3)µν =


0 0 0 i
0 0 0 0
0 0 0 0
−i 0 0 0

(C.3)

similarly

(Mρσ)µν = i(ησνδ
µ
ρ − ηρνδµσ) (C.4)

where δµρ is the kronecker delta

δµρ =

{
1 if µ = ρ

0 if µ 6= ρ
(C.5)
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C.1 The Gamma Matrixes

γ0 =


1 0 0 0
0 1 0 0
0 0 −1 0
0 0 0 −1

 , γ1 =


0 0 0 1
0 0 1 0
0 −1 0 0
−1 0 0 0

 (C.6)

γ2 =


0 0 0 −i
0 0 i 0
0 i 0 0
−i 0 0 0

 γ3 =


0 0 1 0
0 0 0 −1
−1 0 0 0
0 1 0 0

 (C.7)

(C.8)

γ5 = iγ0γ1γ2γ3


0 0 1 0
0 0 0 1
1 0 0 0
0 1 0 0

 (C.9)
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