NTNU Quantum Mechanics — Referenced Homework 3 3-14-2017

1. The wave function of a particle subjected to a spherically symmetrical potential V'(r)
is given by

Y(x,y,2) = (x —y+22)f(r).

(a) Is ¢ an eigenfunction of L*?

(b) What are the possibilities for the particle to be found in various m state?
2. If the wave function for a rigid rotator with moment of inertia I at time ¢t =0
is in the state
¥(0) = (i + 27 +Y17).
What is the probability if the measurement on L, yields —h?
3. The eigenvalue equation for the radial part of the wave function of the hydrogeon
atom is given by
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Consider a wave function for a hydrogeon atom
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where r is expressed in terms of the Bohr radius a.
(a) Find the corresponding values of the quantum numbers n, { and m by introducing
the wave function v (r, 6, ¢) into the eigenvalue equation . (10%)

(b) Calculate the most probable value of r for an electron in this state. (20%)

4. A hydrogen atom is at the following state
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(a) What is the value of the normalization constant A? (10%)

(b) What is the probability density that the electron is found between the radius r
and 7 + dr from the proton?  (15%)

(15%)

(¢) Where is the most probable position that the electron locates?

5. Find the value of r where the radial probability density of the hydrogen atom at

n =2, l =0, m =0 reaches its maximum. (30%)



The Hydrogen Atom

Spectroscopic
Notation Normalized Time-Independent Eigenstates
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[H,L?]=[H.,L.]=[L*L.]=0 (7.24)
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