Physies 270 Midterm #3 Spring ‘08
Dr. Drake

The exam consists of three problems. Please show all work and give explanations for

all answers since the reasoning behind your answer is as important as the final answer
itself.

1. (35 points)

(a) (10 points) A CO, laser used in industrial applications produces 1.0kw
of light at a wavelength of 10.6um. How many photons per second are
produce by this laser?

(b) (10 points) An electron in the ground state of hydrogen absorbs a photon
of energy 12.75¢V. What happens to the electron? Later three photons

- are emitted by the same atom. What are the energies of these photons?

(c} (10 points) The work function of gold is 5.1eV. What is the minimum
frequency f of light required to eject electrons from the surface? If the
intensity of the light is doubled, by what fraction can the frequency be

reduced? _
(d) (5 points) Electrons with velocity v are sent through a small hole of radius
“a”. Under what conditions can the wave behavior of the electrons be

neglected?

2. (30 points) A scanning-tunneling-microscope {STM) is being used to measure
the surface structure of a crystal.

(2) (10 points) If the height of the potential barrier between the surface and
the probe tip is 4.0V, what is the characteristic tunneling length n of the
electrons?

(b) (10 points) What is the probability that an electron in the crystal will
reach the probe tip if the separation is lnm?

{¢) (10 points) As the STM scans over the surface of the material, the tunneling
current measured by the STM varies by a factor of 1000. What is the height
variation of the surface of the crystal?




3. (35 points) Scientists recently discovered a new form of matter in the distant
universe called springium. In this matter the force F of attraction between the
electron and proton increases with the radius r so that the force on the electron
is F' == —kr. The corresponding potential energy due to this force is kr2/2. The
electron circles the proton in a circular orbit as in normal hydrogen.

(a) (10 points) Calculate the velocity required for the electron to circulate in
a stationary orbit of radius r as shown in the diagram.

(b} (10 points) Calculate the allowed radii r,, of the orbits of electrons in this
material.

(c) (iO points) What are the energy levels E, of springium. Express your
answer in terms of i, m,, k and n.

(d) (5 points) What is the energy of a photon emitted during the transition
from the n = 3 to the n = 1 state. Write your answer in terms of E;. Be

sure to define Z.
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