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Problem 6.1

The spin-flipped u−s(p) is given by

u−s(p) =
1

N





(p · σ +m) (−iσ2ξs)

(p · σ̄ +m) (−iσ2ξs)



 .

a) Show

u−s(p̃) = −γ1γ3
(

us(p)
)

∗

, where p̃ = (p0,−~p) .

b) Show

Tψ(t, ~x)T = γ1γ3ψ(−t, ~x) , for Tas
~pT = a−s

−~p , T bs~pT = b−s
−~p , T 2 = 1 ,

and T anti-unitary. (An anti-unitary operator obeys Tc = c∗T for c ∈ C.)

Hint: Also use v−s(p̃) = −γ1γ3(vs(p))∗.

c) Compute

T ψ̄ψ(t, ~x)T , T ψ̄γ5ψ(t, ~x)T , T ψ̄γµψ(t, ~x)T .

Problem 6.2

a) Draw all Feynman-diagrams for the amplitude 〈Ω|T{φ(x)φ(y)}|Ω〉 to order λ2 using the

interaction HI = λ
4!

∫

d4z φ4(z).

b) Give for each diagram the associated expression in terms of Feynman-propagators (in-

cluding the symmetry factor).

c) Show that the contribution at order λ is proportional to I =
∫

d4k
(2π)4

i
k2

−m2 .

d) Show that in Euclidean R4 one has
∫

∞

−∞
d4ke−k2

r = π2 for k2
r =

∑4
i=1 k

2
i . By evaluating

the same integral in polar coordinates with d4k = dΩ3dkrk
3
r infer that

∫

dΩ3 = 2π2 holds.

e) Use the result from 2d) and a Wick rotation k0 → ik0 to compute the integral I for

kr ∈ [0,Λ]. How does I behave in the limit Λ → ∞?



Problem 6.3

a) Show that for n odd one has

Tr
(

γµ1 . . . γµn

)

= 0 .

Hint: Insert (γ5)2.

b) Show

γµγνγργµ = 4 ηνρ
1 .

c) Show

Tr
(

γµγνγ5
)

= 0 .

Hint: Insert (γρ)2 for ρ 6= µ, ν.

d) Show

Tr
(

γµγνγργσγ5
)

= −4iǫµνρσ .

Hint: Use 6.2c).


