
Notation

�a ≡ γµaµ

ψ̄ ≡ ψ†γ0

δ̄f(x) ≡ f ′(x)− f(x)

γ5 ≡ iγ0γ1γ2γ3

σµν ≡ i

2
[γµ, γν ]

A
↔
∂0 B = A∂0B − (∂0A)B

Equations

∂L
∂φ

− ∂µ

(
∂L

∂(∂µφ)

)
= 0

Q ≡
∫ (

∂L
∂(∂0φ)

∆φ− J0

)
d3x

L′(x) = L(x) + α∂µJ
µ(x)

1
2
(1− γ5)ψD = ψL

W

1
2
(1 + γ5)ψD = ψR

W

δ̄f(x) = δf(x)− ∂µf(x)δxµ

Lagrangians

LFree = ψ̄(x)(i~cγµ∂µ −Mc2)ψ(x)

LQED = ψ̄(x)(i~cγµ∂µ −Mc2)ψ(x) + e~cAµ(x)ψ̄(x)γµψ(x)− 1
4µ0

Fµν(x)Fµν(x)

LQCD = ψ̄(x)(i~cγµ∂µ −Mc2)ψ(x) + g~c
νa

2
Aa

µ(x)ψ̄(x)γµψ(x)− 1
4
F a

µν(x)F
a,µν(x)



Dirac Matrices in Weyl/Chiral Representation

γ0 =
(

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

)
γ1 =

(
0 0 0 1
0 0 1 0
0 −1 0 0
−1 0 0 0

)
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

)
γ5 =

(−1 0 0 0
0 −1 0 0
0 0 1 0
0 0 0 1

)
{γµ, γν} = 2gµν

{γ5, γµ} = 0

(γ0)2 = (γ5)2 = −(γi)2 = I

(γµ)† = γ0γµγ0

(γ0)† = γ0

(γi)† = −γi

(γ5)† = γ5

Tr(γµ) = 0

Tr(γµγν) = 4ηµν

γµ
�aγµ = −2�a

γµ
�a�bγµ = 4a · b

γµ
�a�b�cγµ = −2�c�b�a

Dirac Matrices in Dirac/Pauli Representation

γ0 =
(

1 0 0 0
0 1 0 0
0 0 −1 0
0 0 0 −1

)
γ1 =

(
0 0 0 −i
0 0 −i 0
0 i 0 0
i 0 0 0

)
γ2 =

(
0 0 0 −1
0 0 1 0
0 1 0 0
−1 0 0 0

)
γ3 =

(
0 0 −i 0
0 0 0 i
i 0 0 0
0 −i 0 0

)
γ5 =

( 0 0 −1 0
0 0 0 −1
−1 0 0 0
0 −1 0 0

)
γk =

(
I 0
0 −I

)
γk =

(
0 −iσk

iσk 0

)
γ5 =

(
0 −I
−I 0

)
γ†µ = γµ

{γµ, γν} = 2δµν

{γ5, γµ} = 0

γ†5 = γ5

γ2
5 = 1

σµν =
1
2i

[γµ, γν ] = −iγµγν

Index Gymanstics

aµ ≡ ā ≡ aµê(µ)

aµ ≡ gµνa
ν

aµbµ = aµb
µ

aµ(hµνb
ν) = (aµhµν)bν

aia
i = |a|2

δµ
ν a

ν = aµ

(ê(k))
i = δi

k̄

δµνh
µν = hµµ = Tr(h)

h(diag)
µν = hµνδ

µ̄ν̄

(a× b)i = εijka
jbk

εijkε
imn = δm

j δ
n
k − δn

j δ
m
k

εijkε
ijm = 2δm

k

∇ia
i = ∇ · a

∇i∇i = ∇2

∇2
(3) = δij∂i∂j

∂aα

∂aβ
= δβ

α

∂(∂µaν)
∂(∂ρaσ)

= δρ
µδ

σ
ν

∂(aµ∂µφ)
∂(∂µφ)

= aµ

∂(∂µaν)
∂aσ

= 0

∂µ(aµbν) = (∂µa
µ)bν + aµ(∂µb

ν)

∂µφ∂
µφ = ∂µ(φ∂µφ)− φ�φ

Λλ
κΛλ

ν = δκ
ν

ηρσ = Λµ′
ρΛν′

σηµ′ν′

gµν = gνµ

gµνg
νλ = gµ

λ = δλ
µ

Fµν = ∂µAν − ∂νAµ

Fµν = −Fνµ

F 0k̄ = −F0k̄ = Ek̄

F īj̄ = Fīj̄ = εīj̄kBk


