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We have reduced the Schrodinger equation to 1D radial equation. (shown) 
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 Consider boundary conditions at 0→ρ  and ∞→ρ : 
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 Let )(ρV  to represent the behaviour of )(ρy  between 0 and ∞ , 
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 Substitute into the given differential equation, we get 
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2(a) Hamiltonian of 3D harmonic oscillator: (Refer to lecture notes for more details) 
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 The time-independent Schrodinger equation for 3D harmonic oscillator is: 
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We can transform the above equation into 1D radial equation, just as the case for 
hydrogen atom. 

 
By considering the boundary conditions, we can obtain the radial wavefunction as a 
product of different functions. 
 



By using power series method, we can obtain the solution between 0 and infinity. 
 
Since the power series will blow up, we need to truncate the series at a particular term. 
 
Once truncated, we can compare the Laguerre polynomial in 3D harmonic oscillator 
and the polynomial for hydrogen atom. 
 
The principal quantum number of the 3D harmonic oscillator can be obtained in terms 
of orbital angular momentum quantum number.  

By substituting the energy term of ω=)
2
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angular momentum quantum number to be n , ..., ,4 ,2 −− nn 0 or 1. 
 
2(b)(i) Possible values of 2l = 222 2)11(1)1( === =+=+ll  
 Probability = 1 
 

2(b)(ii) Possible values of 
2
3,

2
1

=J  

 Possible values of 2222

4
15 ,

4
3)1( === =+= JJJ  

 
2
1,

2
1

3
1

2
1,

2
3

3
2

2
1,

2
10,1 −=   

2
1,

2
1

3
2

2
1,

2
3

3
1

2
1,

2
11,1 +=−  

 

2
1,

2
1

3
1

2
1,

2
3

3
22

2
1,

2
1

3
2

2
1,

2
3

3
2

2
1,

2
1

3
1

2
1,

2
3

3
2

2
1,

2
11,1

3
2

2
1,

2
10,1

3
1

+=

++−=−+
 

 Probability to get 
9
1

4
3 2 ==   Probability to get  

9
8

4
15 2 ==  

 

2(b)(iii) Probability density = 22
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 Since 21)1( jjj ++−  can be either equal to +1 or 1− , the eigenstates of the total resultant 
momentum are either symmetrical or anti-symmetrical against the interchange of 1m  
and 2m . (shown) 
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 Since RRRRR uvuv =−− 11 , from the above results, R differs from wR  only by terms 

higher order than 2ε . (shown) 
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4(a) Consider the Hamiltonian of a pair of particle and its anti-particle, e.g. electron and 

positron. This Hamiltonian commutes with the permutation operator, but the states 
need not be symmetrized or antisymmetrized. 

 
4(b)(i) Identical bosons: 
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4(b)(ii) Identical fermions: 
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 Ground state wavefunction of 3 identical fermions: 
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