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For a one particle system with a spherical (centrosymmetric) potential 
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So there are simultaneous eigenfunctions of 2ˆ ˆ, ,H L and ˆ
zL
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 is of the form    ,mR r Y  

Substitute and find
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Radial equation gives energy 
quantization.



Particle in a spherical box: V = 0 inside the box, and V = infinity for r > a.

The solutions are the Bessel functions
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Order of energy levels

1s < 1p < 1d < 2s < 2p < 1f

Note how different this is from the H atom

However, just as for the H atom, the  1
wave func ons → 0 as r → 0

This is due to the repulsive angular 
momentum term
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Classical problem
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Motion of center of 
mass

Internal motion
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The H atom is actually a 2-particle problem. 
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The Hamiltonian for a one electron atom is

The QM Eigenvalue problem  for the relative motion is
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Z|e'| is the nuclear charge, where Z
is an integer

The radial equation is 
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Lets try

The solution is given by

In atomic units a = 1 and if 
Z also = 1, then b = 1 and 
E =‐1/2 a.u. → ‐13.61 eV

This is the solution corresponding to 
the 1s orbital

What would be a reasonable guess 
for the wave function for the 2s 
orbital?
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Now try brre 
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This corresponds to a 2p orbital

Note why the     ends up NOT 
contributing to the energy       





The general solution is
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So degeneracy = n2

Actually 2n2 accounting for spin.
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   Bohr radius

191 eV 1.022 10 J
1 a.u. 27.211 eV

 



1s level 2

'
2
eT
a



2

'
2
eE
a

 

2

'eV
a




Note how the 
relation of the 
KE and PE 
contributions 
differs from the 
H.O. problem.
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Continuum levels: 
infinite fold degenerate

Fig. 6.6 from Levine



Note the wave functions for s orbitals are finite at r = 0 
wavefunctions for p, d, f…functions are 0 at r = 0

This is due to the repulsive angular momentum term in Veff
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has a cusp.

This is connected with V → -∞ at r = 0
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Consider ψ100 for y = O and z = 0

Fig. 6.7 from Levine 



Fig. 6.9 from LevineFig. 6.8 from Levine



2 2 2 2 /~ Zr aR r r e

2 2 2 2 /22 Zr ad ZR r r r e
dr a

   
 

This = 0 when r = 0 and when max
ar
Z



For 1s H max 0r a  Bohr radius

Radial distribution functions

2 2
nR r dr

What is the probability of finding the electron in a shell around r?

For the 1s orbital what is the maximum of the radial distribution function?


