Physics 606 -- Problem Set 1
Due Wednesday, February 4, 2009

N

Do the following problems from Merzbacher:
Chapter 1: ~ Problem 2
Chapter 2:  Problems 1 and 4
Chapter 3:  Exercises 3.2 and 3.4

Also do the following additional problems:

(1) Assume wi(x) = 1/_\/(2a) for |x|<a, and yi(x) Z0 for [x}>a. Find the associated
momentum-space wavefunction ¢i(p). Show that @;(p) is normalized to unity.

(2) Now consider a second wavefunction y,(x) = C (a - |x}) for |x|<a, and y2(x) = 0 for

[x[>a. |

(a) Normalize y.

(b) Find the associated momentum-space wavefunction @a(p).

(c) Show that, for large |p|, 2(p) goes to zero much faster than ¢i(p), even though
y2(x) is more localized than v, (x). _

(d) Explain, using a simple qualitative argument that builds on the discussion
following Eq. 2.13 of Merzbacher, why the high-momentum behavior of ©1(p) is
dominated by the discontinuities in v (x).

Note: These problems illustrate the fact that the Heisenberg uncertainty principle only
specifies a lower limit on AxAp;.
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Electron, localized to 1 A, A bowling ball,

typical of the H atom localized to 1 A
Dx_0= 1.00E-10 Dx 0= 1.00E-10
hbar/2mDx_0 = 5.79E+05 hbar2mDx_0 = 7.25E-26
t (sec) Dx(t) (cm) t (sec) Dx(t) (cm)
0.00E+00 1.00E-10 0.00E+00 1.00E-10
1.00E-16 1.16E-10 1.00E+15 1.24E-10
2.00E-16 1.53E-10 2.00E+15 1.76E-10
3.00E-16 2.00E-10 3.00E+15 2.38E-10
4.00E-16 2.52E-10 4.00E+15 3.07E-10
5.0CE-16 3.06E-10 5.00E+15 3.76E-10
6.00E-16 3.62E-10 6.00E+15 4.47E-10
7.00E-16 417E-10 7.00E+15 5.17E-10
8.00E-16 4,74E-10 8.00E+15 5.89E-10
9.00E-16 5.31E-10 9.00E+15 6.60E-10

1.00E-15 5.88E-10 1.00E+186 7.32E-10
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