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We discuss the quantum mechanics of the 3D isotropic simple harmonics using the Cartesian co-
ordinates and spherical co-ordinates 
 
1. Representation in the Cartesian co-ordinates 

The Hamitonian of the 3D isotropic simple harmonics is described by 
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The eigenvectors of the Hamiltonian Ĥ  are also eigenvectors of xĤ , yĤ , and zĤ . 
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Let us introduce three pairs of creation and annihilation operators. 
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2. Expression of the Angular momentum in terms of operators Râ  and  Lâ  

Here we note that 
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The augular momentum can be expressed by 
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3. Simultaneous eigenkets of Ĥ  and zL̂  

zLR NNN ,,  is an eigenvector of Ĥ  and zL̂  with the eigenvalues  
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The wave function of the simple harmonics for the one dimension 
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The wave function in the xyz  representation is defined by 
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For the first excited states, we find that the angular factors contain mY1  (m = 1, 0, -1,) and 0
0Y  (l = 

0, m = 0). The six degenerate states can be re-expressed in terms of the three states with l = 1. 
_________________________________________________________________________ 
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(iii) The second excited states 
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For the second excited states, we find that the angular factors contain mY2  (m = 2, 1, 0, -1, -2) and 
0

0Y . The six degenerate states can be re-expressed in terms of the five states with l = 2 and one 

state with l = 0. 
 
4. Representation in the spherical co-ordinates 
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We now introduce a new variable 
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the co-efficient )22( rnC   should be equal to zero, corresponding to the termination of the 
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Fig. The energy levels )
2

3
(  nEn  of the 3D isotropic simple harmonics, showing the 

degeneracy. The degeneracy is 1 (n = 0), 3 (n = 1), 6 (=1 + 5) (n = 2), 10 (=3 +7) (n = 3), 
15 (1 + 5 + 9) (n = 4), 21 (n = 5), 28 (n = 6). 
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From the above discussion we have the eigenfunction of the three dimension isotropic simple 
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