Quantum Mechanics

a. Derive the formula relating probability density o(7,7) and probability current

J(7.1),
Zp+Ve]=0 M

from the Schrodinger equation.
b. If the potential is complex, what is the new form of Eq. (1)?

c. Whatis j for a hydrogen atom in state (n, I, m)?

a. Write down the spin wave functions for two s = 1/2 particles with

H, = h—ngl oS, What is the energy level of each state?

b. Obtain the wave functions and energy levels for

J' J
H = _hTSIxSZI +;2—(S1yS2y +S12S2z)
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when J' = J but AJ =J'-J << J, so that this is a perturbation of the situation in
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Show that the probability for a 1s electron to be found inside the nucleus is
approximately 1.5 x 10* Z  where the wave function has the
formy,,(r,6,¢) = de '*_ Z is the atomic number and a,=5.29x10""m is the

Bohr radius; assume a nuclear radius of 4 x 10"°m.
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4. For times t <0, a two-level system has the Hamiltonian H, = ( ) and is in the

state with energy +E. At t = 0, the Hamiltonian is suddenly changed to

E E
H= {E E] (note that this change is too great to be considered a perturbation).

a. What are the possible results of an energy measurement at t = 0? What is the
probability of each possible result? What is the expectation value of the
energy at t = 0?
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