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Physical Systems — spring 2007
8 QM HW 62, L and Spherical coordinates, Tues.8 May 2007
} Shankar 12.3.1, 12.5.3 (i-iii), 12.5.12, 12.5.13, 12.6.1, 12.6.2

The fact that complex cigenvalues enter the answer, signals that we are .
overiooking the Hermiticity constraint. Let us impose it. The condition : ———-i
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becomes in the coordinate basis & [wY - ,Lﬁ ol 7 , :
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If this requircment is to be satisfied for all ¥, and p,, one can’ show (upon

integrating by parts) that each ¥ must obey
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/ If we impose this qgnst int on the L, eigenfunctions, Eq (12.3.3), we find —————'—‘J
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This forces [ not merely to be real, but also an integral multiple of &: —--————-——-»-
QUEOT) 28 7IoN! mi‘i, m=0,+1, +2,. (12.3.6] N

One calls m the mgnetic quantum number. Notice that f, = mh implics ° R
that v is a single-valued function of é. '

& n Exercise 12.3,1. Provide the

- (12.3.5) to Bg. (12.3.6).7
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(use symmetry arguments to relate {J;*> to (J,")).
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Exercise 12.5.3.* (i) Show that {(J.> = {(J,> = 0 in a state | jm).
(ii) Show that in these states '

M = P = WG + 1) —m']
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(i) Check that AJ, - AJ, from part (i) satisfies the inequality imposed b!
uncertainty principle [Eq. (0.29)) (53,0 (,7% = V<[ 3~ T, 1 ¥
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Exercise 12.5.13.* Consider a particle in a state described by -
& Yy v 7.6 0(\*}
v=Nx+y+ 22)e y

where N is a normalization factor.
(i) Show, by rewriting the Y,*"* functions in terms of x, ¥, z, and 7, that
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re=(4) =

(ii) Using this result, show that for a particle described by v above, P(l, = 0) L _
- =203 P(l; = +#) = 1/6 = P(l; = —H). goate Exr:ﬁnd N ) iw veemd o b —
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Here are the first few Y™ functions: —
W=l Y = (dm)-ve .
Y, = F(3/8x)"* sin ﬂ[e*“ =t @ FLsm ¢] EE—
=1 ¥° = (3/4n)% cos 0 —
b . _ (12.5.39)
[ Y, £ = (15/327)V2 sin® § g4 -
. Yy = F(15/87)'% sin 6 cos § e " ,
L:~ ¥ = (5/16x)V*(3 cos® 6 — 1) |
Note that
/ Y™ = (—1y™(Y ) / (12.5.40)
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