
Homework 3

1. Consider the theory of a scalar field in d spacetime dimension, defined by
the action

S =

∫
ddx

(
−1

2
∂µϕ∂

µϕ− V (ϕ)

)
,

where V (ϕ) is an arbitrary potential. We want to study invariance of this
theory under scale transformations of the spacetime coordinates,

xµ → x′µ ≡ λxµ ,

where λ is a positive real number. The field is assumed to rescale with a
certain weight ∆,

ϕ′(x′) = λ−∆ϕ(x) .

(a) For which choices of ∆ and V (ϕ) is the theory scale invariant in
dimension d? (The answer will depend on d.)

(b) Find the associated conserved current Jµ. Hint: the infinitesimal
transformation is (writing λ = 1 + ε)

δϕ(x) = ϕ′(x)−ϕ(x) = λ−∆φ(x/λ)−ϕ(x) = −ε(∆+xµ∂µ)ϕ(x)+O(ε2) .

2. Srednicki problem 7.4

3. Srednicki problem 8.3

4. Srednicki problem 8.5

5. Srednicki problem 8.7

6. Find an analytic expression for the position space Feynman propagator
〈0|Tφ(x)φ(0)|0〉 of real scalar field of mass m. How does the expression
simplify for m = 0? Repeat the problem (only for m = 0) for the advanced
propagator.

7. Srednicki problem 13.1
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