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1.

SECTION A
(a) Consider the second and third quantum numbers, the azimuthal (I) and magnetic (ml) quantum
numbers, respectively.
(1) Give a short description of the physical meaning of each of these two quantum numbers

(i)  Give the range of allowed values for these two quantum numbers

(b) Each row in the table represents a set of orbitals (e.g. the 2p orbitals). Complete the table

n|l|m Orbital designation | Number of orbitals
1 1

3 -1,0, 1 3

413 7

5 5p

Given that the 1s wavefunction for the ground state of hydrogen is given by Rjs = Ae™5. Determine:
(a) The constant A

(b) The expectation value of the potential energy.

(a). Explain the term “degeneracy”.

(b). Consider a particle of mass M in a two-dimensional, rigid rectangular box with sides a and b. Using
the method of separation of variables, find the allowed energies and wavefunction for this particle.

SECTION B

Consider a particle in the two-dimensional, symmetrical, infinite potential well. The particle is subject to
the perturbation W = Cxy, where C is a constant.

(a). Compute the first order correction to the Eigen-energies.

(b). The wavefunction of the first excited level.

A given wavefunction is w = Nsinecos¢
(a). Find the normalization constant N.
(b). What is the mean value of L? and Lz for this state?

. : . . . . —h? d2 1
Consider a one-dimensional harmonic oscillator with H = T 52 + Emwzxz. For the one-parameter

family of wavefunctions, ¢, (x) = g—ax’ (a > 0). Compute:
(a). The wavefunction that minimizes ( H ).
(b). The value of ( H Ymin



