
Physics 564 - Pauli and Dirac Matrices

The Pauli matrices are

σ1 =

(
0 1
1 0

)
(1)

σ2 =

(
0 −i
i 0

)
(2)

σ3 =

(
1 0
0 −1

)
. (3)

They satisfy the following identity:
σiσj = iεijkσk + δij (4)

where

εijk =


1 for even permutations of (ijk)

−1 for odd permutations of (ijk)
0 otherwise

(5)

It follows that

(~σ · ~a)(~σ ·~b) = (σiai)(σjbj) (6)

= iaibjεijkσk + aibjδij (7)

= i(~a×~b) · ~σ + ~a ·~b (8)

= i(~σ × ~a) ·~b + ~a ·~b (9)

We will use the following representation for the Dirac matrices:

γ0 =

(
1 0
0 −1

)
(10)

γi =

(
0 σi

−σi 0

)
. (11)

They satisfy

{γµ, γν} = γµγν + γνγµ (12)

= 2gµν (13)

γµ† = γ0γµγ0. (14)

The tensor σµν is defined:

σµν =
i

2
[γµ, γν ] =

i

2
(γµγν − γνγµ) (15)



The matrix γ5 is defined

γ5 = iγ0γ1γ2γ3 =

(
0 1
1 0

)
(16)

and satisfies the identities {
γµ, γ5

}
= γµγ5 + γ5γµ = 0 (17)

γ5† = γ5 (18)

(γ5)2 = 1 (19)


