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Suggested reading for assignment #11: G8-1t0 8-3, F& T 12-1to 12-6

1. Hydrogen atom

Assume that ¥, denotes an eigenfunction of the hydrogen atom with principal quantum number
n, and angular momentum quantum numbers | and m. Let the hydrogen atom be in a state
described by the wave function

w(r)= Cl4l//1oo(r) +3p11(r) — 4w oo (r) + \/E‘/Qlfl(r)J

a) Find a normalization constant C.

b) What is the expectation value of the energy?

c) What is the expectation value of L*?

d) What is the expectation value of L,?

e) Write down w(r,t) at some later time t.

2. Expansion in terms of angular momentum eigenstates
At a given instant in time the angular wavefunction of a system is given by

Y (0,9) =\/%sin @sing.

a) What possible values of L, will be found in a measurement, and with what probabilities will
they occur?

b) What is (L) for this state?

¢) What is (L?) for this state?

3. Orthonormality of spherical har monics

The spherical harmonics are orthonormal in the sense
2r =«
[dQY iy (0,8) Yim (0,9) = [d[sin0 dO Yy (0, 9) Yim (6,9) = 5115 mm
0 o
Verify the orthonormality of the spherical harmonics for the following three cases:
a) 1=0, m=0; 1’=1, m’=0

b) 1=0, m=0; 1'=1, m’=1
c) I=1, m=0;1'=1, m’=-1
d) I=1, m=-1;1=1, m=-1

It is helpful to use cosé as a variable of integration, sin@ dé = -d(cos ).

4. Commutation relationsfor ¥ and p.
Prove the following commutation relations for the Cartesian components x=r;,y=r,,z=r3

a) l[l ) fk J= ihgjkl ﬁ
b) llij: I@kJ=ih8jk| Py
o |Lp2|=|C.72]=0



