
Applied Quantum Mechanics WS 2018/19, E. Koch

Exercise Sheet 10 due 17 January 2019

1. hydrogen atom

Consider the states of hydrogen with principal quantum numbers n=1, 2, and 3.

i. What values of l are allowed?

ii. Plot the radial wave-functions un,l(r) and Rn,l(r) = un,l(r)/r for these
wave functions. How do un,l(r) and Rn,l(r) behave for r ! 0? What are
the values at r = 0?

iii. What is the probability of finding the electron in an infinitesimally small
sphere of radius dr around the nucleus?

2. magnetic moment

From classical magnetostatics we know that the magnetic moment due to an
electrical current density ~je is given by
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i. Given the quantum-mechanical probability current density
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calculate the corresponding magnetic moment. Compare to the expectation
value of the angular momentum operator ~L.

ii. What is the z-component of the magnetic moment for the following or-
bitals of the hydrogen atom |n, l ,mi: |1, 0, 0i, |2, 0, 0i, |2, 1,�1i, |2, 1, 0i,
|2, 1, 1i, and |5, 3, 2i. Express your results using the Bohr-magneton

µB =
eh̄
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