
Clarification of Derivation of Born Approximation from Fermi

Golden Rule

Although the derivation of the Born approximation from the Fermi Golden
Rule is basically correct, there are a couple of points which could use clarifi-
cation. The basic Golden Rule formula is
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Here wif is the transition rate from an initial state |i〉 to a group of final
states of the same energy, i. e., Ef = Ei, and we are considering only elastic
scattering.

Now the matrix element will, in general, depend not only on the final
energy but also on the angle between initial and final wave vectors. Therefore,
we will define wifdΩ/(4π) to be the transition rate from |i〉 to a group of final
states of the same energy and with wave vector kf within a particular solid
angle element dΩ. We also define ρfdΩ to be the number of states per unit
energy such that the final wave vector lies within solid angle element dΩ.
This means that ρf is the density of states per unit energy per unit solid
angle, and it equals the one calculated in class, multiplied by dΩ/(4π), or
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Thus, the rate for transitions into solid angle dΩ is
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where wifdΩ/(4π) represents the transition rate into solid angle element dΩ.

To turn this into a differential cross section, we have to divide by the
magnitude of the incident probability current density, which is h̄|ki|/[mV̄ ],
and by dΩ. Thus, defining |ki| = |kf | = k, we have
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or (after some algebraic simplification as discussed in the notes)
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