SP425: Advanced Quantum Theory Angular Momentum Due Friday August 28, 2026

Question #1:

[iia L) = ix[f/xy éz] + [f/x, iz]Lx [ﬁx, jlz] = —ihﬁy so therefore
' L

A

[E}Qp?z] = }A;y[iya L]+ [fzy, f/z]zy [I:y, L.] = ihL, so therefore [ﬁz, L] =
in(LyLy + L. L,
[£27 f/z] = _Zh(zfviy—{_zyix)+ih(£yﬁx+ix Ay)+0 = 0 and therefore [IAJQ, f;z] =0

(b) [L, L. = [L, +iLy,, L.] = Ly, L.] *i[L,, L.]

(L., L.] = —ihL, and [L,, L.] = +ihL,

Therefore [Ly, L.] = —ihiL, +i(ikL,)

+i2h L, is the same as FhL, so [ZALi, EZ] = —ihﬁy + hl,

We can write a —1 as —1 = +7 (i.e those factors always give a negative). So we
can then factor a F out front and get [Ly, L.| = F(xhL, + hL,)
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Question #2:
(a) Popz = |coo|* where coo = (Y |¥)
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(b) Pore = |c10]* + |c141]* + |c1.-1]*. We know ¢141 = 0 because there is no ¢
dependence in V.
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(b) Pare = |c20l® + |cos1]® + [co—1]* + |easal* + |e2, 2| Again, we know that only
c20 can be nonzero because there is no ¢ dependence in W.
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Question #3:
- 1 . :
(a) L,|¥(t)) = 3 (—h|1 — 1)e™ " +2.0h|1 0)+2i-h]1 + 1>6_Wt)

L.|¥(t)) = % (=Rl —1)et™ 4+ 2i K1 + 1)e ™)
<LZ> =
%(<1 — e ™" +2(1 0] —2i(1 + 1]e™™") % (Al —1)e™ +2i-hl1 +1)e ™)
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(L) =%
L |U(t)) = %(\fhu 0)e™™ +2v2h[1 +1))
L_|¥(t)) = %(2{7@\1 — 1) + V2h2i|1 0)e~*")
(b) L, = 2%(£+ — L_) so therefore
L,|W(t)) = é (=2v2h|1 —1) +V2R/1 0) (et — 2ie~™) +2¢/2R]1 + 1))
(L,) = % (1 —1e™ +2(1 0] —2i(1 +1fe™™)
é (—2\/§h|1 — 1)+ V2RIL 0) (e — 2ie ) 4+ 2V2K[1 + 1>)
h t +iwt —iwt +iwt
(Ly) = 7= (—2v2e™ 4 2v2 (e ) — 4iv/2et)
h t —iwt +iwt —iwt
— o (V2 (T = ) — VB ()
% ( V2 (2isinwt) — 4iv/2 (2 Coswt))
= %i (—2 cos wt + sinwt)
(Ly(t)) = @ (—2coswt + sin wt)




