Problem 6: Hydrogen Atom Measurements

Consider a hydrogen atom, ignoring the spin of the electron, with the usual eigenstates
of H, L?, and L, written as |n, £, m,).

(a) [2 pts] If the hydrogen atom is in its ground state, |1,0,0), what is (r), the average
distance of the electron from the proton?

(b) [3 pts] If the hydrogen atom is in its ground state, |1,0,0), what is the probability of
measuring the electron’s position to be in the classically forbidden region of space?

The forbidden region is where the energy of the atom is less than the potential energy,
V(r), corresponding to a negative value for the classical kinetic energy.

(¢) [2 pts] Consider the first excited states of the atom with £ = 1, |2,1,m). Calculate
the expectation value (z) for these states (where z = r cos f using standard spherical
coordinates).

(d) [3 pts] The state |2,1,0) has a rather different shape from the states |2,1,£1). This
can be seen by considering the spread in z, Az = /(2?) — (2)?, or the expectation
value (22).

Compute the ratio of (22) in the state |2,1,0) to that in the state |2,1,1),

<z2>271,0 (1)
(2%)2,11
Hydrogen Atom States:
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where « is real and positive.
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