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1. Prove
∂ρ

∂t
+ divj =0,

where j = −
ih̄

2m
[ψ∗

∇ψ − ψ∇ψ∗]

using the standard non-relativistic Schrödinger equation.

2. (i) The Lagrangian density for a real scalar field is given by

L0 = 1

2
(∂φ)2 − 1

2
m2φ2

Show that the Hamiltonian H0 is given by

H0 = 1

2

∫

[φ̇2 + (∇φ)2 +m2φ2]d3x.

(ii) Show that if we take the usual canonical commutation relations,

[φ(x, t), π(x′, t)] =ih̄δ(x− x′),

[φ(x, t), φ(x′, t)] =0,

[π(x, t), π(x′, t)] =0,

the equations of motion are obtained from

ih̄φ̇ = [φ,H0] and ih̄π̇ = [π,H0] .

(iii) Consider the Lagrangian density

L = L0 + LI ,

with

LI = −
λ3

3!
φ3

−
λ4

4!
φ4 .

Derive the equation of motion from

∂µ

[

∂L

∂(∂µφ)

]

−
∂L

∂φ
= 0.


