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Hydrogen atom

Wikipedia

Particle Position Momentum

Electron 𝐫1 𝐩1

Proton 𝐫2 𝐩2
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The Hydrogenic Atom
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The Schrödinger equation
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Wave function

Particle Position Momentum

Electron 𝐫1 𝐩1

Proton 𝐫2 𝐩2
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Separation of the Center of Mass Motion
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Change of variables
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Change of variables in 3D

The kinetic energy operators
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The Schrödinger equation in new variables
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Momentum operators corresponding to r and R
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Momentum operators corresponding to r and R
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Momentum operators corresponding to r and R
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Canonical variables
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Canonical variables
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Change of variables in 3D

The kinetic energy operators
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The Schrödinger equation in new variables
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Two separate Schrödinger equations
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The center of mass equation
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The Hamiltonian in spherical polar coordinates
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The time-independent Schrödinger equation
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Spherical harmonics 𝑌𝑙𝑚(𝜃, 𝜙)
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Solution of the Radial Equation
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Asymptotic solution:

Asymptotic solution of the Radial Equation
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Choose the negative exponential (B = 0) and set

Asymptotic solution of the Radial Equation
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Asymptotic solution of the Radial Equation
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Normalized radial function
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The wave function of the hydrogen atom in ground state is found by 

setting Z = 1 as

The wave function 𝜓1𝑠
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General solution of the radial wave function
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Radial eigenfunctions of hydrogenic atom
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Radial eigenfunctions of hydrogenic atom
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The hydrogenic wave function
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