
Polarizability of the hydrogen atom
In order to calculate the polarizability of the hydrogen atom 
we need the transition moments for the allowed transitions.  
In the presence of a Z-polarized applied electric field we have 
the induced dipole moment

Since µ = αE0 we have for the polarizability

obtained from Cohen-Tannoudji (page 1280).  It appears 
from the selection rules that ∆n = any value, ∆l = ±1, 
and ∆m = 0.  
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Polarizability of the hydrogen atom
We have the following matrix elements:

making the substitution x = cosθ, and collecting constants 
we have

Let u = 3r/2a0, then r = (2a0/3)u and dr = (2a0/3)du so
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Polarizability of the hydrogen atom
Evaluating the integrals we obtain

The energy levels are given by

The energy difference in the denominator is
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Polarizability of the hydrogen atom
The polarizability can be expressed

Thus, for example for the 210 state we have

The constant in front of the polarizability expression is:
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Polarizability of the hydrogen atom
The units work out as follows:

2µq2a0
4

h2 = 3.37 × 10– 41 C2m2/J

2µq2a0
4

ε0h
2 = 3.37 × 10– 41C2m2/J

8.854 × 10– 12C2m– 1/J
= 3.80 × 10– 30 m3 = 3.80 Å3


