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1. In the classical limit, Newton's equation of motion is more convenient than the
Schrodinger equation for describing the dynamics of moving particies. The
connection between the Newtonian and quantum mechanics is established by the
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from the definition of expectation value and Schrodinger equation, prave the’

Ehrenfest theorem. (15%)

2. A magnetic moment is associated with the circular motion of a charged particle.
Lat the charge = &, mass = m, velocity = v, and radius=r.

{A) Starting the definition of magnetic moment 1 = /44, where [ is the curreat, 4
is the area of the circular orbital, and #is the unit vector directing along the
axis of the circular orbit. Express the magnetic moment in term of e, m, v, and
T. (5%)

(B) In the presence of a magnetic field {0, 0, B) along the z-direction, the part of
the Hamiltonian operator associated with the magnetic moment is

H,=-fieBand can be expressed as H,=CLB, where L,is the 2z

component of the angular momentum operater. Please determine the constant
C. {5%)

(C) Supposed that the charged particle is spinless, and is moving in a hydrogen-
ip-like orbital. This charged particle may fall into a hydrogen-13-iike orbtal
and emits photon. If now a magnetic field (0, 0, B) is turned on, determine the
number of line spectra and the energy splitting between these fines which
would be observed. (10%)

3. A particle of mass m moves one dimensionally in a potential ()= -AHx),
where 4 is a positive constant. Starting from time-independent Schrodinger
equation, write down the conditions that the bound-state wavefunction would
satisfy at the origin and solve for the bound-state energies. (Hint: V(x}=V{-x)}
(15%)
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4. (A). Explain what exchange encigy is and why the exchange energy is always
negative for electrons. {10%:)
(B). Consider only one-dimensional bound state problems. 15 it true that the
bound-state wavefunction can always be taken as a real function if the potential
V(x) is real? Explain in details your reasaning, {10%)

3. A particle is trapped in an infimitely deep one-dimensional box with a width of L.
Caloulate the expectation value of x. The following integral is given.
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6. Find the average kinetic encrgy per ¢lectron of a three-dimensional electron gas at
zern degree temperature (0K). Lt is knowm that the density of states of free
¢lectrons is proportional to the square root of energy. {15%)



