The Hydrogen atom



Nonrelativistic description

The stationary Schrddinger-eqguation

The Hamiltonian

In case of spherical symmetry we use
spherical coordinates (radial, polar
and azymuthal)
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Second-order partial differential
equation with 3 variables



Separation of variables

(1, 0,0) = R(1)O(0)(p)

3 ordinary differential equations
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m? and I(I+1) are constants




The solution of the orbital equations

The spherical harmonics

Valid for any spherically symmetric potential
Orthogonal and normalized basis set
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A few examples

. — ﬁ{uaﬁ

Vi’

== \/7 sin Be :I:L,. H = ( D CC rH H — l)
T \/7 sin @ cos fe~ 5 _ am *Pe=ie




The eigenfunctions and the eigenvalues
of the angular momentum

The operators H, L? and L, commute

They have a common system of eigenfunctions — the
spherical harmonics
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L — the eigenvalue
| — the orbital guantum number

L_— the eigenvalue
m, — the magnetic quantum number



The orbitals




The radial Schrodinger-equation

The atomic units
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n — the pricipal guantum number



The radial wavefunctions

L — Laguerre polinomials

- normalization: X,
/ Ryrdr = 1
J 0
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A few examples












http://en.wikipedia.org/wiki/Image:HAtomOrbitals.png
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The energy levels are n?-fold
degenerate
— do not depend on | and m,

Experimentally: the situation iIs
more complicated
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