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. Hydrogen atom handout

Key Concepts

To solve the Schrodinger Equation for the hydrogen atom we need to write the potential energy of the
electron as
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where Z is the number of protons, e is the elementary charge, and r is the radial distance between the
electron and nucleus. Several constants have been left out of the above expression.
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Because of the symmetry of atomic structure and V' depends on r, spherical coordinates need to be
used to describe atomic structure. In spherical coordinates there parameters are used to describe the
position of a point in space: r, the radial distance from the origin, 8, angle between r and the z-axis,
and ¢ the angle measured from the z-axis.

When we switch to spherical coordinates, the Laplacian operator (V?) changes as well:
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Combining this with the Schrodinger Equation and separating variables such that ¥ (r, 0, ¢) = R(r)0(0)P ()
we get:
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With a little housekeeping we can separate the ® terms from the R and © terms:
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This give us familiar solutions for ®(¢) in the form:
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This solution represents one third of the overall solution for ¥. In solving for ®(¢) the quantum number
m, also known as the magnetic quantum number, naturally appears.

If we do a little more rearranging we can get an equation that only involves 6 terms:
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which is the Legendre equitation. Solutions exist for this equation in the form:
Om (0) = 67"(0) = P (cos 0)

where P/"(cosf) is defined in the handout distributed in class.
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The solution of the 6 part of ¥ introduces another quantum number, [, often called the angular
momentum quantum number.



