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1. (6 points) Consider the n=2 state in Hydrogen atom, draw a diagram, that show the effect of relativistic, spin orbit correc-
tions and weak Zeeman effect on it.

2. (4 points) Show that If ψ1 is orthogonal to the ground state wavefunction, then < ψ1|H|ψ1 >≥ Efe
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3. (6 points) Consider a one-dimensional simple harmonic oscillator whose classical angular frequency is ω0. For t < 0 it is
known to be in the ground state. For t > 0 there is also a time-dependent force F (t) = F0xcos(wt), where F0 is constant
in both space and time. Obtain an expression for the expectation value < x > as a function of time using time-dependent

perturbation theory to the second non-vanishing order. [You may use < m|x|n >=
√

h̄
2mω0

(
√
n+ 1δm,n+l +

√
nδm,n−l)]

4. (4 points) If an electron at state n=5, l-0, m=0, show how it will decay to state n=1

Question: 1 2 3 4 Total

Points: 6 4 6 4 20

Score:

Good Luck
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