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PHYS2581 Foundations2A: QM2 7 solution

too=1Jo Jo TS e /e By cos Or? sin Odrdfde

= 27/(ma®) [ cosOsin @ [° r3e?/%dr = 0 as over 0 — 7, sin is sym-
metric about 7/2 and cos is antisymmetric about /2.

diagonals:
Wii=... [y cosfsinfdf =0

Wao = ... [T cos @ sin® @ sin §df = 0
Was = ... [5 cosfcos®Osin§df = 0
Wiy = ... [ cos@sin®Osinfdf = 0

off diagonals: smart way

only Wi3 will be non-zero as this is the only one where the m quantum
number is the same. we have ¥y, = Ryi(1)0,(0) P, (¢) and we are
integrating over all ¢ 80 Uy H'(0) Uy dV o< 6(m —m’)

off diagonals: long way
Wiy = ... JZ"edp =0
Wiy =...[07e®dp=0
Wos = ... [7" e ¥dp =0
Woy = ... [77 e 2%dp =0
Way=...[5 e ??dp =0
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and all W;; = W

(c) so we have
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let A = E'/ — 3aeFE., so we have
-2 0 1 0 « 0
0 =X 0 0 B1 10
1 0O —X 0 ~ 1 |0
0 0 0 -\ 1) 0
solve - determinant=0.
-2 0 0 0 —Xx 0
Al 0 =X 0 |—04+1]1 O 0 |=0
0 0 - 0 0 =X

A=A - = A A=W

hence we have values A = 0,0,1, —1 so it splits into 3 separate levels
with energy shift Ei =0, —3aeF., 3aeE

d) eigenvectors with £i = 0 are |2 > and |4 >
2



eigenvector with A = 1 (hence F3 = —3eaFE,,;) are

-1 0 1 0 a 0
0 -1 0 0 sl o
1 0 -1 0 vl 7o
0 0 0 -1 5 0

so—a+7=00ra=7andxz%(|l>+|3>)
A= —1s0 E} =3aeFE. is
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