Physics 443, Solutions to PS 12

1 Griffiths 10.1
(a)

We need to show that
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satisfies Schrodinger’s equation for the infinite square well
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It is clear that ®(x,t) satsifies the boundary conditions, namely ®(0,t) =
®(w,t) =0 for all t.
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We need to establish that the last two equations are equal to each other.
Dividing out the exponential factor on both sides and setting imaginary
parts equal we get
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We see that coefficients of sin and cos terms are equal. Next we equate real
parts of 7’L2/2ma > and ih%y.
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Rearrange left and right sides and divide out sin 2"z we get
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The term on the left that multiplies 22 is the same as the term on the right
that multiplies 22. That leaves
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And since w — tv = a, left equals right.

(b)

The ¢, are independent of time so
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Multiply both sides exp(—imwvz?/2ha) sin ™*x and integrate from 0 to a.
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Let z = 7z /a and @ = mva/27*h and we get that
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(c)
If the well expands to twice its original width and w(7,) = 2a, then T, =
(2a — a)/v = a/v. The internal time is 7; = 27 /w and w = (E,/h). Then
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In the adiabatic limit 7; < T, which corresponds to «
1 and exp(—iaz?) ~ 1. Then
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That is, ¢; =1 and ¢, = 0 for ¢ # 1, and
\Ij(xat) = (bl(xat)

In the adiabatic limit W(x,t) is always in the n = 1 state with wave function
and energy corresponding to the width of the well at ¢.

(d)

The phase factor
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2 Griffiths 10.3

1. The geometric phase is
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2. The dynamic phase change
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The dynamic phase is evidently 1/ times the geometric mean of the
energies at starting and ending widths of the well times the time.

3. The geometric phase is zero for any expansion or contraction so there-
fore so is Berry’s phase for any cycle.

3 Griffiths 10.6
We have that
B(t) = Bysin v cos(wt)i + sin a sin(wt) ] 4 cos ak]

The hamiltonian is

Hit)=<B-S
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and for spin 1 (see problem set #4, problem 2)
5 0 1 0 ih 0 -1 0 1 0 0
Seg=—4=1|1 0 1|, S=—4|1 0 —-1]|, S;=h|0 0 O
V2 0 1 0 V2 0 1 0 0 0 -1



Then
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We need to find the eigenvector with eigenvalue +hw; where w; = Em@. Let
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To calculate the phase
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where € is the solid angle on the sphere swept out by B in one cycle.



