
210 Quantum Mechanics Test 
 
In the following show all your working 
 
1. Determine if the following functions are eigenfunctions of the px operator.  If yes, identify the 
eigenvalue, if no, explain why not.  Show your working. 
 (b) x3 
 (c) eikx  

5 marks 

      
 

definition (1 mark) 
maths (1 mark each) 
x3 is not an eigenfunction because the eigenvalue equation does not hold, the function is 
different on the LHS and RHS of the equation  (1 mark) 
eikx is an eigenvector because the equation does hold with an eigenvalue of hk. (1 mark) 

This question is of a familiar format presented in lectures and problems. 
 

2. Discuss the function below, define each of the variables, identify the named functions and 
quantum numbers, describe the functional components and explain their origins/relevance. 
 

  
10 marks 

 
1 mark for components given until 10 marks is reached 
θ and φ are the spherical polar variables/coordinates (1 mark) 

 is a spherical harmonic (1 mark) 
and gives rise to the angular nature of AOs (1 mark) 
l angular quantum number and l=2 (1 mark) 

<latexit sha1_base64="LHkaPylcdGqbeEFfFFtWAGnnlGo="></latexit>

⌦f = !f

⌦ = operator

! = eigenvalue

f = eigenfunction

⌦ = px =
�i

h

d

dx

<latexit sha1_base64="dWlTZhVJVCiKqKOCGesrSdUmNNo="></latexit>

f = x3 evaluate:

h

i

d

dx
x3 = !x3

d

dx
x3 = 3x2

h

i

d

dx
x3 =

h

i
3x2

3h

i
x2 6= !x3

<latexit sha1_base64="kD40m3BiNJoVOkA21b63aGzjAI0="></latexit>

f = eikx evaluate:

h

i

d

dx
eikx = !eikx

d

dx
eikx = ikeikx

h

i

d

dx
eikx =

h

i
ikeikx

hkeikx = !eikx

where ! = hk

<latexit sha1_base64="7YiGWzNOZkxxX6u91WYT/p6kK0Y="></latexit>

Y �2
2 (✓,�) =

1

4

r
15

2⇡
sin2✓ e�i2�

<latexit sha1_base64="2WJy+dbwMwsjEDM9IT17afWxRyg=">AAACH3icbVDLSsNAFJ3UV42vqEs3wSJUkZIUrC4LblxWsA9paphMb9uhk0mYmQgl5E/c+CtuXCgi7vo3Th+Ith4YOJxzLnPvCWJGpXKcsZFbWV1b38hvmlvbO7t71v5BQ0aJIFAnEYtEK8ASGOVQV1QxaMUCcBgwaAbD64nffAQhacTv1CiGToj7nPYowUpLvlXxAuhTnvaxGoA4y8z7hzT0WeanLCt6WlP43IsH9NT0gHd/Yr5VcErOFPYyceekgOao+daX141IEgJXhGEp264Tq06KhaKEQWZ6iYQYkyHuQ1tTjkOQnXR6X2afaKVr9yKhH1f2VP09keJQylEY6GSoF5SL3kT8z2snqnfVSSmPEwWczD7qJcxWkT0py+5SAUSxkSaYCKp3tckAC0yUrtTUJbiLJy+TRrnkVkoXt+VCtTivI4+O0DEqIhddoiq6QTVURwQ9oRf0ht6NZ+PV+DA+Z9GcMZ85RH9gjL8BgqujLQ==</latexit>

Y ml
l (✓,�)



the l=2 is for a dAO  (1 mark) 
ml magnetic quantum number and ml=-2  (1 mark)  
the coefficients in the front are the normalisation (1 mark) 
normalisation provides the "magnitude", and ensures only 2e occupy each orbital, and 
that orbitals are comparable (1 marks) 
sin2θ is an associated Legendre function (gives l QN) (1 mark) 
θ gives the 3D angular shape of the orbitals(1 mark) 
e-i2φ is the solution for a particle on a ring φ (gives the ml QN) (1 mark) 
φ gives the imaginary part of the wavefunction, and or is the decay feature (1 mark) 

The form of this question was a direct "copy" of a problem given in the L7 problems, but not 
this particular wavefunction.   
 

3. For "particle in a box" wavefunction given below 

  
 (a) derive an expression for the n=3 normalisation coefficient, show your working. 
 (b) evaluate N for the n=3 level for a box of length L=2nm, show your working 
 (c) sketch the n=3 level probability curve on a diagram of the box. 

10 marks 

 

 

 

 

 
general expression (1 mark) 
 
 
 
 
 
 
express the integral (1 mark) 
 
 
 
 
evaluate A  (1 mark) 
 
 
 
 
evaluate B  (1 mark) 
 
 
 
 
evaluate C  (1 mark) 
 
 
 
 
 
final expression (1 mark) 

 
6 marks total 
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evaluating for L=2nm  
(2 marks) 

 
express the probability on a infinite square well, three humps, all values positive 
(2 marks) 
 

The students have been given the evaluation of the general N as a class problem.  Here we 
have asked for a particular n.  This is a very small stretch from the notes.  Evaluating the N 
for a specific length is new, drawing the energy diagram was part of the assignment. 
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