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Problem 3.22

Show that the energy-time uncertainty principle reduces to the “your name” uncertainty principle
(Problem 3.15), when the observable in question is x.

Solution

Begin with the energy-time uncertainty principle.

∆t∆E ≥ ℏ
2

By definition,

∆E = σH and ∆t =
σQ∣∣∣d⟨Q⟩
dt

∣∣∣
for an observable Q. If Q = x, then the energy-time uncertainty principle becomes

σx∣∣∣d⟨x⟩dt

∣∣∣σH ≥ ℏ
2

σxσH ≥ ℏ
2

∣∣∣∣d⟨x⟩dt
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σxσH ≥ ℏ

2m

∣∣∣∣md⟨x⟩
dt

∣∣∣∣ .
Therefore, since ⟨p⟩ = md⟨x⟩/dt,

σxσH ≥ ℏ
2m

|⟨p⟩|.
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