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THE UNIVERSITY OF NEW SOUTH WALES

SCHOOL OF PHYSICS
Mid-Session test April 2016 3 adl

Time Allowed — | hour
Total number of questions — 2
ALL questions need to be addressed

(Juestion marks for each question are 50.

This paper may be retained by the candidate.
Students may provide their own UNSW approved calcu
Answers must be written in ink. Except where

required, pencils may only be used for drawing, s

work.



Question 1. Quantum oscillator (Marks 50).

Consider the conventional quantum oscillator
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Introduce the creation and annihilation operators
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where b = \/hi/m w is the oscillator length (for the following calculations it is convenient t

choose units in which b = 1).

a. Prove that the Hamiltonian (2) can be rewrirten as follows

H =hw (a o ) (3)
b. Prove that the energy levels satisfy

E, = ho(n+ 1/2). 4)

levels E,,. Find f-xplxc;t!y the matrix elements (m|x|n) =? and (mlpln) ?
Hint. Remer-ber the relation
afln) =vn+1|n+1), (5)
which was discussed in lectures, and take into account that
(mla*|n) = (m|a*[n)" = (n|a|m).  (10)
(the first identity here holds because the functions are real-valued, the 5

definition of the Hermition conjugate).

Question 2. Semiclassical approximation (Marks 50).

binding energy). ‘
Assume that the ion is placed in a weak homogeneous
condition



Outlme in simple physical terms

unstable. e
Present a qualitative sketch for the -tron wave function:
Distinguish two cases, the free jon and th n"oﬁ' plac




