Grade:
Question 1 [70 points]

(1) Determine all the statements that are true. Indicate your answer in the space provide.
[20 points]

(a) the photoelectric effect experiment shows that radiation is a wave

(b) the photoelectric effect experiment shows that radiation is a particle

(¢) the work function of a metal can be measured from the photoelectric effect expt.

(d) the kinetic energy of emitted electrons increases when the intensity of radiation
increases in the photoelectric effect experiment.

(e) the blackbody radiation shows that the energy of the oscillators is quantized

(f) blackbody radiation experiment shows that light is a wave

(g) blackbody radiation shows that the energy of the oscillators is quantized

(h) when electrons are reflected off a Ni crystal a diffraction pattern results.

TRUE STATEMENTS ARE: (b),©), (2% ™

(i1) In this problem you will consider the Photoelectric experiment. In this experiment
the maximum Kinetic Energy of electrons emitted from a metal by radiation is measured.
Describe how the the maximum Kinetic Energy is measured in the experiment. [10
points]
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(1i1) A radiation of 300 nm is impinged of the metal which has a work-function of 1 eV.
What is the maximum Kinetic energy, and de-broglie wavelength of the emitted

electrons? [20 points]
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(ii1) Consider the Black-body radiation experiment conducted at two temperatures, T, and
T, (with T, > T;). The spectral density of emitted radiation is measured as a
function of wavelength. [20 points]

(a) Plot the experimental observations at the two temperatures — the x axis must be
wavelength and y axis is spectral density. On the plot draw the predictions from
classical theory. [10 points]

Romatnt « V‘.‘ A= By

(b) Write down an equation that relates the spectral density to frequency. What aspect
of this was modified in light of the results of the blackbody radiation® ft+ 1w~



Question 2 [80 points]
(1) Complete the following sentences [20 points]:
(a) The probability of finding a particle in a region of space dx around x is:
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(b) The operator for Kinetic energy in one-dimension in quantum mechanics is:
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(c) The only values of Kinetic energy that can be measured in a single experiment are:

(d) If kinetic energy of a system which is in a state y(x), is measured once in each of
many identically prepared systems the average value of Kinetic Energy is given by:
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(a) Consider a Particle of mass “m” in a one-dimensional box (PIB) of length “a”. The

potential is: V=0 for 0<x <a and the potential is infinity at the walls and outside the box.
Imagine that the particle is in the n = 3 state.

(1) Write down the wavefunction in this state. Clearly draw the wavefunction on the
following diagram (be careful about the positions of the nodes). [10 points]
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(11) What value of energy is measured in a single experiment in this state? [10 points]
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(iii) The unconstrained free particle (ie quantum mechanical free particle) has a
continuous energy spectrum. Using key results from the unconstrained free particle and
your diagram of part (i) show that the value of Energy in the n=3 state of a PIB is
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(iv) Draw a plot that shows the probability of finding the particle in the region 0<x<a.
Without any calculations state the most probable location of the particle — clearly
explain your reasons. [10 points]

| | | 3
I I I
'A’,\{/ P c
@ U Yo ameyc - R
0 Qudynlor fowdin a
-2

(v) What value of py is measured for a single measurement in the n=3 state. You can
just state the answer with your reasoning [10 points]
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(vi) Determine <p,>> for the particle in the n= 3 state. Explain why the answer is not
the same as <p,> that was derived in class. [20 points]
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Question 3 (50 points)
(b) The state of particle of mass “m” in a 1-D box of length “a” is given by:

t//(x)—c\/zsm(nmj+d\/§sm(mmj [1]
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(1) A measurement of energy is made on many copies of the particle prepared in this
4n 25h*

state y, and it is found that either > or - is measured. Determine the
ma a
values of “n” and “m”. [10 points]
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(ii) What is the probability that an energy of - is measured in a single

8ma
experiment? [10 points]
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(iii) Many copies of the particle are made, all in the same state, y(x), given by
Equation 1. The value of energy is measured in each box and the average energy <E>

2 2
is found to be h -+ 75k . Determine the values of “c” and ‘d” in Equation 1.
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(iv) Show that y(x) is normalized when c*+d® = 1. [10 points] @
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Question 4 [50 points]
In this problem we will consider applications of the PIB and quantum mechanical
tunneling through a finite barrier.

(a) Using a diagram briefly explain how the PIB model is used to rationalize the
conductivity of metal such as sodium.
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(b) Consider the quantum mechanical particle placed in a box of length 2a and
potential as sketched below. Three regions are defined in the sketch and three
possible energy levels are also sketched. Briefly the potential, V is:

V=V, for-w<x<0,

=0 for 0 <x<2a
=V, for 2a <x <o where V| and V), are finite constants and V; > V,,.

(1) Write down all the possible boundary conditions for the wavefunction and
its first derivative.

(ii) For each of the three energy levels sketch out the wavefunction of the
particle in region I, II, and IIl. Clearly show relative features (the
changes in the amplitude, frequency, and extent of tunneling must be
clearly evident as you go from region I, II, and III or E, to E,.) State the
trend in words if your plot is unclear.




