
Blog Entry © Sunday, August 10, 2025, First-Order Perturbation Treatment of the Helium 
Atom by James Pate Williams, Jr. 

The spherical harmonics are defined as follows [1]: 
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The associated Legendre functions are specified as shown below [2]: 
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The associated Laguerre functions are defined by the equation [3]: 
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The radial wave function for the hydrogen-like atom is given by the following equation [3]: 
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The inter-electron reciprocal distance can be expanded by spherical harmonics [5]: 
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The exact electron interaction energy for the ground state of the helium atom in atomic 
units is given in the previously cited reference: 
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The approximate ground state energy of the helium atom is as follows using first-order 
perturbation theory: 
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Lmax = 10 

Nmax = 50000 

Rmax = 10 

zeta1 = 2 

zeta2 = 2 

n1 = 1 

n2 = 1 

l1 = 0 

l2 = 0 

m1 = 0 

m2 = 0 

real integral = +1.247356 

imag integral = +0.000000 
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The exact ground state energy of the helium atom is: -2.903392458 atomic units. The 
percentage error between the approximate and exact values is 5.192149%. 
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