
Schrödinger equation for hydrogen:
The form of the potential

• The Coulomb potential between the electron and the proton is
V = -Ze2/4πε0r 

• The hamiltonian for both the proton and electron is:

• Separation of nuclear and electronic variables results in an 
electronic equation in the  center-of-mass coordinates:



Separation of variables
The del-squared operator in spherical polar coordinates is:

It  is not possible to solve the equation with all three variables 
simultaneously. Instead a procedure known as separation of 
variables is used. 

The steps are:
1. Multiply both sides by 2µr2 

2. Substitute in Ψ(r,θ,φ) = R(r)Y(θ,φ)
3. Divide both sides by R(r)Y(θ,φ)



Using a separation constant called β we can write the 
Schrodinger equation as two separate equations.

We write the total wave function as a product of two wave
functions.
Then we divide the radial equation by Ym

l and the angular 
equation by R to get two separate equations.
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