PY 451: Quantum Physics [  Problem Set 6
Due date: Friday, February 27, 2009, by 5:00pm

1. Complete the steps to derive Egs. (4-26) from Egs. (4-25) in the text.

2. (adapted from the text 4-1 and Griffiths 2.52) Consider an arbitrary localized potential
in the region |z| < a. For x > |al, the potential is zero. Assume that the wave functions
to the left and to the right of the potential have the respective forms:

up(z) = Ae™*® 4 Be~ke
up(r) = Ce* + De~

We can relate outgoing and ingoing amplitudes by the scattering matriz S, defined by:

(5)= (&%) (5)=s(5)

(a) Using the conservation of the total flux, show that the following relations hold:

1Su? + [Sa]? = 1
|512|2+‘522|2 =1
118t + 82155, = 0.

Use these to show that S is unitary; that is, SST = S'S = I, where I is the unit
matrix, and ST denotes the Hermitian conjugate. The Hermitian congugate is
obtained by taking the transpose of S and then the complex conjugate of each
matrix element.

(b) Calculate the elements of the scattering matrix for: (i) the delta potential well,
V(z) = =Vod(x); and (ii) the square-well potential well, V (z) = =V} for |z] < a,
and V(z) = 0 for |z| > a.

3. (adapted from text 4-8). Consider the potentials shown in the figure below. In part (b),
the potential for R < z < 2R is V(x) = V [1 — (z — R)?/R?]. For both cases, calculate
the lifetime of a particle of energy E that is initially within the well 0 < z < R. In
both cases, estimate this lifetime numerically for an electron, with R = 1A, V = 2eV,
and £ = 1¢€V.
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