Physics 244: Modern Physics

Homework 4
Due in Class Friday, October 12, 2007

1. In the notes for lecture 10 “Beyond Stationary States” complete the steps in the
calculation of the transition matrix element <x>;, for the ISW wavefunctions. That is, do
the integration that is called for there. (Integration by parts, anyone?). Also, be sure you
understand the calculation at the end of the notes that shows that <x>5 is zero. What is
<x>5 equal to?

2. Similar to question (1), but now use the wavefunctions for the harmonic oscillator
potential to compute the transition matrix elements <x>¢, and <x>¢;. (Notice that the
labeling of the wavefunctions is different for the harmonic oscillator and the ISW: the
ground state of the h.o. is labeled n =0, while for the ISW itisn=1.)

3. Thornton & Rex Chapter 6 problem 32.

4. Thornton & Rex Chapter 6 problem 35, but do this for the first excited state rather than
the ground state. Use your results from this problem and the previous problem to verify
the Heisenberg Uncertainty Principle.

5. Thornton & Rex Chapter 6 problem 40.

6. A beam of electrons, each with kinetic energy E = 2.0 eV, is incident on a potential
barrier with Vy = 6.5 ¢V and width 5.0 x 10" m. What fraction of the electrons in the
beam will be transmitted through the barrier?

7. Thornton & Rex Chapter 6 problem 55.

8. In the attached reading on reflection and transmission of waves show that T + R =1
(i.e. use equation 6.68 and 6.69 to get equation 6.70).

“Anyone who is not shocked by quantum theory has not understood
it..... Isolated material particles are abstractions, their properties
being definable and observable only through their interaction with
the other system.....” ~Niels Bohr (1885 - 1962)







