210 Quantum Mechanics Assighment (25 marks)

Made available 16th Aug 2025, due in 5pm on Tue 23rd Sept 2025.

Hand in to chemistry reception.

In the following show all your working, this means each step of the mathematics and a complete
answer, remember the purpose is to show me that you understand and know what you are doing!

Your assignment should be hand-written, tidy and legible. (5 marks)

1. Expand the commutator [py, py] using the function f(xz,y) = z2 + zy + y? Do these operators
commute?
(5 marks)

2. For an infinite square well potential of length L
(a) draw and label the potential, add the first 4 energy levels, write the equation for E next
to each energy line (do not evaluate constants)
(b) sketch the wavefunction on each energy level line, identify the value of the maximum
(c) on a second potential sketch the probability (density) P for the first 4 energy levels on
each energy line, identify the value of the maximum
(5 marks)

3. Determine the expectation value of the position <x> for the n=2 energy level of a particle
confined in a an infinite square well potential of length L. Use the following integral:

_ 2a*2? — 2axsin(2az) — cos(2ax)

. 92 dr —
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(5 marks)

4. The wavefunction for a particle in an infinite square well is given below.

(x) = Nsin <nx7r

7

) withn =1,2...

(a) write an expression for the probability (density) P of the n=2 wavefunction
(b) differentiate P, set the derivate to zero and identify the positions (in terms of L) of the
maxima and minima
(c) what is the probability of finding the particle at the expectation value <x>? Explain your
result.
(5 marks)



1. Expand the commutator [py, py] using the function f(z,y) = z2 + zy + y* Do these operators
commute?

(5 marks)

The commutator [A,B]=AB-BA where A and B are operators, if [A,B]=0 then A and B commute

A=p,and B =p,

[pampy] = PzPy — PyPzx
h 0 h 0

where = ——and = ——
Pz 1 0x Py 1 0y
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evaluate for a function f = 2% + zy + 3°
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therefore [p;,p,] =0
px and py do commute because the commutator is zero

statement of general commutator equation (1 mark)
statement of specific details to evaluate (1 mark)
evaluation of expression (2 marks)

state the result (1 mark)



2. For an infinite square well potential of length L

(a) draw and label the potential, add the first 4 energy levels, write the equation for E next
to each energy line (do not evaluate constants)
(b) sketch the wavefunction on each energy level line, identify the value of the maximum

(c) on a second potential sketch the probability (density) P for the first 4 energy levels on
each energy line, identify the value of the maximum

(5 marks)
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3. Determine the expectation value of the position <x> for the n=2 energy level of a particle
confined in a an infinite square well potential of length L. Use the following integral:
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(5 marks)
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4. The wavefunction for a particle in an infinite square well is given below.

4

Y(x) = Nsin (nx

7T) withn = 1,2...

(a) write an expression for the probability (density) P of the n=2 wavefunction
(b) differentiate P, set the derivate to zero and identify the positions (in terms of L) of the

maxima and minima

(c) what is the probability of finding the particle at the expectation value <x>? Explain your

result.

(5 marks)
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while the expectation value or "average" is to find
the particle at L/2, the probability of finding the
particle at L/2 is zero!
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