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HOMEWORK #9#

Course 314,Introduction In Quantum Mechanics,Professor K. Griffioen

Department of Physics, College of William and Mary, Williamsburg, Virginia 23185

1 Problem 10.4

(a) Use Equation 10.46 to calculate the geometric phase change when the infinite square well expands
adiabatically from width w; to width w,. Comment on this result.

(b) If the expansion occurs at a constant rate (dw/dt = v), what is the dynamic phase change for this

process?

(c) If the well now contracts back to its original size, what is Berry’s phase for the cycle?

2 Solution

(a) From equation 10.46, the expression of the geometric phase, and the general wave function are given

by:
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It might be confussing the w notation, but it represent the lenth of the square well potential, and not a

frequency. We pursue to compute the scalar product:
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27%and n an integer. Then from (1) we obtained that the

Where we used the change of variable 8 =
geometric phase does not change if we expand adiabatically the width of square well, it means that the
phase does not depend of the width.

(b) The dynamic phase is given as:
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Where the Bohr energy is given by :
n?m2h?
E,(t) = 2me2 (1) (4)

The expansion occurs at the constant rate (dw/dt = v), so the variation in time of the well’s width will be:

Un(t) = ho + vt (5)

We plug (4) and (5) into (2) and we’ll get the dynamic phase variation in time with respect of constant

rate of variation of the width.
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(c) As we have shown in the part (a) the phase does not depend of the fact we expand or contract the

width of well, so the value of Berry’s phase is zero.



3 Problem 10.5

The delta-function well (Equation 2.96) supports a single bound state (Equation 2.111). Calculate the
geometric phase change when a gradually increases from a; to as. If the increase occurs at a constant

rate (da/dt = ¢), what is the dynamic phase change for this process?

4 Solution

From the equation 2.111 the wave function can be written in function of « as follows :
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We compute the scalar product < ¢(z) % > and we obtain:
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So then we conclude that the geometric phase does not change with “strength” of delta function:

Tn (t) =0 (9)

If the “strength” of delta function increases at the constant rate (¢ = ”(li—‘;), the dynamic phase changes as

follows:
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5 Problem 11.2

Construct the analogs to Equation 11.12 for one-dimensional and two-dimensional scattering.

6 Solution

From equation 11.12 the general form of Shrodinger equation has an approximative form:
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The above equation represent the spatial scattering wave function, where |r| = /22 4+ y2 + 22, and de-
pends of symmetry of the potential(azimuthal, spherical,cylindrical). In one-dimension the equation 11.12

takes the following form:

Y(z) = Ae't® 4 Be ke (12)

Where the scattering amplitude f(#) is a constant(B), and the probability of scattering in the x direction
is conserved. For the two-dimensional scattering the above equation takes the following form:
. eikr
6(r.6) = Al 4 10) (13)
Also the probability of scattering in the 8 direction is conserved by choosing the form of outgoing (scat-

tered) wave of form ..+ = f(9) e:;;:

AP = [Yinc|*dS = [¢scate|*dS = / G*prdrdf (14)
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