Physics 443, Solutions to PS 13

1 Griffiths 11.12

In this problem we study the Yukawa potential. From Griffiths Eq. 11.81,

we see that
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Where E = h?k?/2m is the energy.

2 Square Well

For a spherical square well potential we have
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where in the very last step we square and expand (1 + €)? & (1 + 2¢) Then
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To get the total cross section in the high energy limit we integrate the
exact result
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Let z = 2kasin g. Then dx = ka cos gd@
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Then using the hint
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Note that in when x = 0, that the first term in the square brackets goes to 0
and the second term is 1. And in the high energy limit ka > 1, both terms
are zero.

Dirac equation

The Dirac equation is
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O‘:<2 g) ﬁ:(é —OI)

vt = (500

and 17 and 1y are each two component spinors. If we assume a time depen-
dence 1 (r,t) = 1(r)e”P¥" then the Dirac equation becomes

Evp = [ca - p + fmc’ld (1)

where

and

In order to include a magnetic field we replace p — p — ¢A.

(a) Show that in the nonrelativistic limit
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where Eg = E — mc?.



[We can rewrite Equation 1

E(wl) = [ca-p+ Bmc? (%)
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Solve the last equation for
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Then with the substitution p — p — ¢A, we get
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(b) Prove the identity
c-Ac-B=A-B+ic-AxB

for any vectors A and B.
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(c) Show that
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[Remember p = —ihV is an operator that does not commute with A
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(d) And that Equation 2 becomes
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where = Zs and s = %0.

[Begin with Equation 2 and use the identity from part (b)
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