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SOLUTION ASSIGNMENT 12

Question 1

Angular momentum:
L = r × p

Consider first [pi, Lj ] and start with i = j, e.g., i = 1 (see p 147 in notater97.pdf):

[px, Lx] = [px, ypz − zpy]

= [px, y]pz + [px, pz]y − [px, z]py − [px, py]z

We have
[pi, xj ] = −δij , [pi, pj ] = 0

and therefore
[px, Lx] = 0

Correspondingly:
[py, Ly] = [pz, Lz] = 0

Next, consider [pi, Lj ] with i ̸= j, e.g., i = 1 og j = 2:

[px, Ly] = [px, zpx − xpz]

= [px, z]px + [px, px]z − [px, x]pz − [px, pz]x

= 0 + 0− (−1)pz − 0

= pz

Cyclic change of x, y, z then gives

[py, Lz] = px , [pz, Ly] = pz

Interchanging indices only gives a change of sign, e.g.,

[pz, Ly] = −px

In total,
[pi, Lj ] = εijkpk

With Lj = εjklxkpl this is obtained more directly:

[pi, Lj ] = [pi, εjklxkpl]

= [pi, xk]εjklpl

= −δikεjklpl

= −εjilpl

= εijlpl

And now I guess we may handle [xi, Lj ] the same way:

[xi, Lj ] = [xi, εjklxkpl]

= [xi, pl]εjklxk

= δilεjklxk

= εjkixk

= εijkxk
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Question 2

Hand written solution in Norwegian on next page.
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