
Formula Sheet (in units ~ = c = 1)

4-vector notation:

a · b = aµbµ = aµb
µ = aµbνgµν = aµbνg

µν with gµν = gµν =


1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1


xµ = (t, ~x) , xµ = (t,−~x)

∂µ =
∂

∂xµ
=

(
∂

∂t
,−~∇

)
, ∂µ =

∂

∂xµ
=

(
∂

∂t
, ~∇
)

, p̂µ = i∂µ , p̂µ = i∂µ

Klein-Gordon equation: (−p̂ · p̂+m2)ψ = (∂µ∂
µ +m2)ψ = (� +m2)ψ = 0

Free Dirac equation in Hamiltonian form: i ∂
∂t

Ψ = (~α · ~̂p+ βm)Ψ, or in covariant form:

(i∂/−m)Ψ = (iγµ∂µ −m)Ψ = (p̂/−m)Ψ = (γ · p̂−m)Ψ = (γµp̂µ −m)Ψ = 0

Dirac and Gamma matrices:

(αi)2 = I , i = 1, 2, 3; β2 = I; αiαj + αjαi = 0 , i 6= j; αiβ + βαi = 0 , i 6= j;

γ0 = β, γi = βαi, {γµ, γν} = 2gµνI ,
γ5 = iγ0γ1γ2γ3

Dirac representation:

αi =

(
0 σi

σi 0

)
, i = 1, 2, 3 , β =

(
I 0
0 −I

)
,

where the Pauli matrices are

σ1 =

(
0 1
1 0

)
, σ2 =

(
0 −i
i 0

)
, σ3 =

(
1 0
0 −1

)
.

Note that αi, β and γ0 are Hermitian, wheras the γi are anti-Hermitian.


