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FY3464 Quantum Field Theory

Problemset 7
NTNU

Institutt for fysikk

SUGGESTED SOLUTION

Problem 1
a) We showed in the beginning of this course that the Lorentz-transformation tensor has to satisfy:

ηµν = Λ
α
νηαβΛ

β

ν. (1)

Inserting

∆
µ
ν = δ

µ
ν− ε

µ
ν (2)

into this equation gives us

ηµν = (δα
µ − ε

α
µ)ηαβ(δ

β

ν− ε
β

ν)

= ηµν− (εµν + εµν)+O(ε2). (3)

This shows that ε must be antisymmetric in its indices.

b) An infinitesimal Lorentz-transformation applied to a contravariant 4-vector reads:

xµ→ (x′)µ = xµ + ε
µ

ν xν = xµ− i
2

ενλJνλxµ. (4)

Applying this transformation N times and taking the limit N→ ∞, we obtain

xµ→ (x′)µ = e−iNεµνJµν/2xµ, (5)

by using the formula

lim
N→∞

(1− iJ/N)N = e−iJ. (6)

c) We see that it ωνµ = Nεµν. It is thus assumed that while ε is infinitesimal and N→ ∞, their product
is finite.

Problem 2
First, we note that

[Sµλ,Sνσ] =
( i

4

)2
[(γµ

γ
λ− γ

λ
γ

µ),(γν
γ

σ− γ
σ
γ

ν)]

=−1
4

(
[γµ

γ
λ,γν

γ
σ]− [γµ

γ
λ,γσ

γ
ν]

− [γλ
γ

µ,γν
γ

σ]+ [γλ
γ

µ,γσ
γ

ν]
)
. (7)
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Now use the matrix identity

[AB,CD] = A{B,C}D−{A,C}BD+CA{B,D}−C{A,D}B. (8)

Using this on the first term of the second line of Eq. (7) gives

[γµ
γ

λ,γν
γ

σ] = 2(ηλν
γ

µ
γ

σ−η
µν

γ
λ
γ

σ +η
λσ

γ
ν
γ

µ−η
µσ

γ
ν
γ

λ). (9)

Applying the identity to the remaining terms in a similar way verifies that S satisfies the Lorentz
algebra.


