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Given the commutators,

[Rk, Rl] = 0, [Pk, Pl] = 0, [Rk, Pl] = ih̄δkl,

and the constructions for the angular momentum and the boost generator,

J = R×P + S, N = Pt−MR,

and the fact that the spin S is independent of the coordinates,

[Sk, Rl] = [Sk, Pl] = 0,

evaluate
[R, δω · J], [P, δω · J],

and
[R, δv ·N], [P, δv ·N].

Solution:

1

ih̄
[R, δω ×R ·P] = δω ×R · 1

ih̄
[R,P] = δω ×R,

1

ih̄
[P,−δω ×P ·R] = −δω ×P · 1

ih̄
[P,R] = δω ×P,

1

ih̄
[R, δv ·Pt] = δvt,

1

ih̄
[P,−MR · δv] = Mδv.

1


