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Define notations and motivate assumptions and approximations. Present the solutions so
that they are easy to follow. The maximum number of points is 15 p. 7 points is required
to pass the examination (grade 3), 10.5 points for grade 4, 13 points for grade 5.

1. Derive the stationary Schrodinger equation from the more general time-dependent one.
State the assumptions you make in each step of the derivation. (3p)

2. Calculate the expectation values (z) and (x?) for:
a) The ground state
b) The first excited state

of a one-dimensional (quantum mechanical) harmonic oscillator. (3p)

3. An electron in a hydrogen atom is in the state described by the wave function

$(r) = G[4a0o) + 3tna (1) — tono(r) + v I0Ysr 1 (1)

a) What is the expectation value of the energy? (1p)
b) What is the expectation value of L?? (1p)
c) What is the expectation value of L,? (1p)

4. The spin-part of a spin-1/2 quantum mechanical system is given by
X =N@[T)+il 1))

a) Calculate the normalization constant N. (1p)
b) What are the possible eigenvalues of S? and S,?
Are they simultaneously measurable? (1p)

c¢) Calculate the probabilities for obtaining these eigenvalues. (1p)

TURN PAGE!



5. The Hamiltonian for an axially symmetric rotator is

L+ Ly L2

z

o, 21,

where I; and [, are constants. What are the possible energy eigenvalues? (3p)

GOOD LUCK !



