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1. Change of the wave function under canonical transformations (10 + 10)

(a) We consider a solution ψ(x, t) of the free Hamiltonian H = p̂2

2m . Carry out the canonical
transformation which maps p̂ 7→ −x̂ and x̂ 7→ p̂. How does the wave function ψ(x, t)
change?

(b) Consider a particle in an electromagnetic field, which is described by the Schrödinger
equation [

1
2m (−i~∇− eA(~x, t))2 + eΦ(~x, t)

]
ψ(~x, t) = i~∂tψ(~x, t). (1)

A gauge transformation changes the potentials such that

A 7→ A′ = A + ∇χ and Φ 7→ Φ′ = Φ− ∂tχ.

Determine the effect of the gauge transformation on the wave function.
Hint: Start by multiplying the Schrödinger equation in Eq. (1) with e ie

~ χ(~x,t) from the left.

Merry Christmas and a happy New Year!
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