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Question 1 [50 points]
(a) Consider the Black-body radiation experiment.

(i) Plot the experimental observations. Indicate two ways by which the data changes
as temperature increases. Clearly define the variable plotted along the y-axis. [10
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(i1) State two ways by which the classical predictions fail to explain the experimental
observations. [10 points]
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(b)) State an experiment that shows the particle nature of light. [10 points]
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(c) State an experiment that reveals the wave nature of light. [10 points] (
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(d) Describe an experiment that reveals the wave nature of particles, such as electrons. [5
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(e) State two conditions under which the quantum nature of particles can be easily
observed. [5 points]
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Question 2 [100 points]
(a) Consider a Particle of mass “m” in a one-dimensional box (PIB) of length “a”.
(i) Determine <p,>> for a 1-D particle in a box (PIB) of length “a”. [15 points]
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(i1) In class we showed that <p,>=0 for this case. Why is <p,>> not zero. e Lk
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(iii) Determine the result when xp,- »_ ¥ operates on the wavefunction of a PIB. [20
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(b) The state of particle of mass “m” in a 1-D box of length “a” is given by:
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(1) A measurement of energy is made on the particle. What values of ENEIgY CaNl  Tigae Lowl

possibly be observed on this system. [4 points] ’ ““,,f""‘*’
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(i) Many copies of the particle are made, all in the same state, y(x), given in s

~ . M
Equation 1. The value of energy is measured in each box and the average energy <E> C:) - %%&4,
determined. Determine an equation for <E>. [4 points]
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(iv) What is the probability that an energy of sh - 1s measured in a single
ma

experiment? [4 points]
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(v) What values of py can possibly be observed on this system. [4 points]
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(c) Consider a particle in a 3-D box of lengths, a, b, and ¢ along the x, y and z directions
respectively. The values of ny =2,n, =2, n, = 3. Nn = | S0ty Sianyng Gia NNE
(1) Write out the wavefunction for the particle in this state. [4 points] ° <
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(ii) Write an expression for the energy of this level? [4 points]
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(ii1) What is the degeneracy of this level if a=b=c? [4 points]
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(iv) Draw a plot of y3(z) versus z. [4 points]
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(v) What average value of y-component of momentum, i.e. < p,>, do you anticipate
(no calculations are required but provide your reason)? [4 points]
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(d) The lowest energy of an unconfined quantum mechanical free particle can be zero.
However the lowest energy of a Particle in a box is not zero. Explain the difference using

results derived for the unconfined free particle [20 points] —
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Question 3 [50 points]

Consider the problem of a particle in a box of length 5a and potential as sketched below.
In this question you will consider two particles - the first with a mass of “m” and the
second with a mass of “4m” - that occupy this box.
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(a) For the lighter particle state and explain how frequency of oscillation changes jn

region I, IT and IIL if the energy is E,. [5 points] . :em méﬂs Gq;‘f,—’é;
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(b) For the lighter particle state the boundary condition at x=0, x=2a, x=3a and x= 5a. [5
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(c) For the lighter particle state and explain how frequency of oscillation changes as the
Energy is raised from E, to E, to E in region I. [5 points] ine‘o!\ €
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(d) How is the frequency of the heavier particle related to the frequency of the lighter
particle in Region I? [5 points] " C s s by & e
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(8) Describe how the wavefunctions in region II change as the height of the barrier (i.e.
Vo) increases. [10 points]
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Question 4
Consider a particle of mass m in box of length L. The potential energy diagram is
sketched on the right. Note that the potential is given by:

V(x) = forx >L/2, x <-L/2 and vV o
V)=0for-LR2<x<L/~2 |
Which of the following are acceptable wavefunctions for T
this particle.

(2) () = Nsin(2%)
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(€) ¥(x) =N cos(*)

(b) ¥(x)= Nsin(

(d) w@=n cos{@_”;lﬂ}
(€) ¥(x)= N(% . f) i (2an)

Clearly explain your reasoning  [30 points]
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