CYK\2009\PH405+PH213\Tutorial 7 Quantum Mechanics

1. Letl}»m>/0. ‘ ‘
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(a) Show that P*(—=z) = (—1)""™FP(z).
(b} If the spherical coordinates of a vector r are (r, §, ¢}, what are the sperical coordinates
of —r?

(¢) Show that ¥i,, has a parity (—~1)’ underr — —r transfonination.
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2. Showthat L_ = he ™ {— 2 +icot6-2 ). Alsoshowthat L ¥\ = A/1{l+ 1) — m m— 1Y 1.
a8 2 ! !

Use recurrence relation 6.97d given on page 282 of Bransden.

3. Just as ¥, is a an eigenfunctions of L? and L, let Z;, be an eigenfunction of L? and L
that is

i
V%, = W(l+U8%, |
L_-_,;Zg’n = ?‘ZﬁZ;’n. .
We already know the eigenvalues of L?, thatis { =0,1,2,....
(a) What are allowed values for n for given 17
(b) Show that (Z;,, Yy m) = 0if I 5 1.
{c) Show that Z;,, can be expressed in terms of V;,, that is

!
Zl,n = Z Cn,th;.,m-
m=—i
(d) Find Z; , in terms of ¥7 ., explicitly.

4. Let the state of a particle constrained to move on a sphere, be Y o. What are the possible
results of measurement of L,? What is the probability associated with each outcome?

(13

The state of a particle constrained to move on a sphere is

(8, ¢,t=0) = (ew sin @ + cos 9)

1
Vi
(a) What are the probabilities for the various results of the measurement of L, at t = 07

What about at ¢ > 07 ‘

(b) What is the expectation value of L, at t = 07

6. Let |4, m) be the eigenstate of the angular momentum operators J2 and J, with eigenvalues
§(j + 1)A* and mk respectively. Obtain a matrix representation of operasors Jp, J vs Tz
J., J_ and J? using |7, m) as the basis for j = 3/2.

Show that
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