Midterm Exam No. 01 (Fall 2016)

PHYS 530B: Quantum Mechanics 11
Date: 2016 Oct 3

1. (40 points.) A mass m oscillates about an equilibrium point with angular frequency w.
This motion, the harmonic oscillator, is described by the Hamiltonian
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in conjunction with the Heisenberg relation [z, p| = ih. Let us chose our units such that
m=1 and w = 1. The above Hamiltonian takes the form

1
Ho= (st + 3 ) )
in terms of the operators
T +ip = \/ﬁy, (3a)
x —ip = V2hy' (3b)

The harmonic oscillator is characterized by the algebra

ly.y' = 1. (4)
The eigen basis set |n’) of the harmonic oscillator satisfies the eigenvalue equation

yly|n') = n'|n’), n'=0,1,2,.... (5)

Let us place a charge ¢ on the mass m, such that it interacts with a weak electric field
E. We choose the direction of the electric field E to be in the direction of the oscillations
of the mass. The Hamiltonian of the oscillator in the presence of the electric field is
described by

H = Hy — qFx. (6)

In the presence of the electric field the oscillator ceases to stay in the stationary state |n'),
and makes transitions to another state. These transitions are described by the matrix
elements

(n"|H|n'). (7)

Find a selection rule that states which elements are not zero.

Hint: Use equations of motion
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2. (20 points.) In Problem 1 of Homework No. 03, evaluate the inverse Fourier transfor-
mation

broo(r) = ()~ / 0P AP (D) (9)

and verify that this is indeed equal to the result obtained for 119o(r) in Item (a) of the
problem.
Hint: Use the integral

* xdr ) ma _,
/0 msmaz = Ze . (10)

3. (20 points.) Submit Problem 2 of Homework No. 03.

4. (20 points.) Write a summary of the discussion in the following article:
‘Rydberg Atoms in “Circular” States,” by R. G. Hulet and D. Kleppner,
Phys. Rev. Lett. 51 (1983) 1430.


http://link.aps.org/doi/10.1103/PhysRevLett.51.1430

