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1. This problem is to explain why we use the dipole–electric field interaction in the
spectroscopy of molecules. The Hamiltonian for an atom in an external electro-
magnetic field is

H =
1

2m

[
p̂− qA(t, r̂)

]2
+ V (r̂). (1)

Express it in the coordinate representation as

H = − 1

2m

[
∇− iqA(t, r)

]2
+ V (r). (2)

The dipole approximation means within the atomic size the vector potential ap-
proximately remains constant with respect to r, that is, A(t, r) ≃ A(t, r0) ≡
A(t). Show that in the local gauge transformation of wave function,

ψ(t, r) → ψ′(t, r) ≡ e−iqA(t)·rψ(t, r), (3)

the Hamiltonian becomes

H → H ′ = −∇2

2m
+ V (r)− µ ·E(t), (4)

with the Schrödinger equation remaining

iψ̇′ = H ′ψ′. (5)

Here µ ≡ qr and Ȧ = −E.
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