
Momentum Representation of Operators Handout

In the position representation (basis), the position operator is a multiplication by x:

x̂ |x0⟩ = x0 |x0⟩

x̂ ⟨x|x0⟩ = x0 ⟨x|x0⟩

x̂δ(x− x0) = x0δ(x− x0)

The momentum operator is a differential operator:

p̂ |p0⟩ = p0 |p0⟩

p̂ ⟨x|p0⟩ = p0 ⟨x|p0⟩
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In the momentum representation (basis):

|p0⟩
.
= ⟨p|p0⟩ = δ(p− p0)

|x0⟩
.
= ⟨p|x0⟩ = e−ipx0/ℏ

What do the position and momentum operators look like in the momentum represen-
tation?

Solution The calculations proceed in exactly the same way:

p̂ |p0⟩ = p0 |p0⟩

p̂ ⟨p|x0⟩ = p0 ⟨p|p0⟩

p̂δ(p− p0) = p0δ(p− p0)
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Notice that the the momentum operator in the position representation and the position operator in
the momentum representation are each derivatives but are different by a minus sign. This minus sign
comes from the fact that the momentum eigenstate in the position representation and the position
eigenstate in the momentum representation are complex conjugates of each other:

⟨x|p⟩ = ⟨p|x⟩∗
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