PHYS2581 Foundations2A: QM prob4 solution
EQM2.4: i) | =3 so E3 = 3(4)h?/(2]) = 6h*/I —3 < m < 3, degeneracy 7
l=4s0 E, =4(5)R*/(21) = 10h*/I —4 < m < 4, degeneracy 9
[ =5s0 E, =5(6)k*/(21) = 15h*/1 —5 < m < 5, degeneracy 11 [l mark]

ii) probability of finding the electron in dV is

1
AP = Y; .Y, _, sin0d0do = (8—5) sin®  cos? 0dfde
’ T
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/ P — / sm 50 cos? 0dOdp — (-5) sin® 0 cos? o
$=0 4

so probability density per unit 6 is <14—5) sin® 6 cos? 0 [1 mark]
max where derivative is zero. so
d/df(sin® 0 cos® §) = 3sin®  cos 6 cos® O + sin® #2 cos O(— sin ) = 0

3sin’ A cos® 0 = 2 cosHsin 9

3cos®§ = 2sin” § = 2(1 — cos®0)

so cosf = £+4/2/5 so 6 = 50.8°,129° [2 marks]
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[1 mark]



prob electron in region 0 < 0 < 7/3 is

7r/3
/ / sm 30 cos® 0dlde
¢=0 0

= ZO 0979 = 0.367

[1 mark]

iii) eigenfunction if L?Y,, = cY},, where cis a constant. Y},, = A cos  sin fe~®
where A = (15/8)/?
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= —hQAe“z’{ (cos®§ — 5sin”  cos f) — C?S }

= —h2Ae {L

Sin

(cosO(1 — sin? ) — 5sin*# cos O — cos «9)}

= —h?Ae " (—65sin 6 cosf) = 6h%Y,

so this is an eigenfunction of L? [2 marks]

L)Y 1= —ih%fl sin 6 cos fe ™ = —i A sin  cos 6’7%(—2’)6_”5 = —hYs 4

so this is an eigenfunction of L,
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L%,_l:m( Smfbw de )

50 + cot 6 cos ¢(sin 6 cos ) 9

= ihA (e™" sin ¢(cos® 0 — sin® 0) — i cos®  cos ge*?)
= ihAe " (sin ¢(cos® 6 — sin® @) — i cos® f cos §)

this isn’t going to go to Y2 _1 so this is not an eigenfunction of L, [1 mark]



