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Problem 1. Use the fact that Lj = x · p = ϵjlmxlpm, and that you can rewrite ϵjlm indices.
Recall as well that [xi, pj] = δij

[pi, Lj] = [pi, ϵjlmxlpm] = [pi, xl]ϵjlmpm = −ϵjimpm = ϵijkpk (1)

[xi, Lj] = [xi, ϵjlmxlpm] = [xi, pm]ϵjlmpm = −ϵjlixl = ϵijkxk (2)

Problem 2. Lorentz transformation for velocity components

x′ = γ[x− βct]; y′ = y, z′ = z, z′ = γ
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Problem 3. Problem 3.

Let dN be the number of wavelengths emitted from the 57Co in the time interval dt′ in
the system S ′ in which the atom is instantaneous at rest. dt′ = dτ is the eigentime of S ′.
The frequency as measured in S ′ is
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dt′
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If t is the time as measured by the observer at the center, we have dt = γdτ . The
frequency in the center is then
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The transversal Doppler effect.
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