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The hydrogen atom

I. Solving the hydrogen atom problem

II. Informal solution for the relative motion
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Multiple Particle Systems

Schr ሷodinger’s equation

Hamiltoninan operator

for the entire system
Total energy 

of the entire system

State of the entire system

 Electron coordinates: xe, ye, ze

 Proton coordinates: xp, yp , zp
6 coordinates for the entire system
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Simplification of Coordinates

1. Relative positions coordinates 

Relative vector:

2. Center of mass coordinates

Similar way to Y and Z
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Second Derivatives Of Coordinates

Schr ሷodinger’s equation

Should be substituted!

Similarly,
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Hamiltonian Operator With New Coordinates

Reduced mass
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Solving Schr ሷodinger’s Equation

Schr ሷodinger’s equation

Constant

Wave equation can be written as
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Solution For Two Particles

Similar to single particle

Corresponds to 

the “internal” relative motion of the electron and proton
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Rough Energy Calculation of Relative Motion

Potential energy

a0: Bohr radius 

Kinetic energy

Kinetic energy operator:

𝛻2

Total energy
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Bohr Radius and Rydberg Energy

Minimization of energy with 𝑎0 =
4𝜋𝜀0ℏ

2

𝑒2𝜇
~0.529Å

Minimized energy ~ − 13.6𝑒𝑉

Rydberg

Energy


