PH 253 Exam 11

Solve 4 of the 6 problems below. All problems have equal weight.

1. The maximum energy of photoelectrons from aluminum is 2.3eV for radiation of 200 nm wavelength
and 0.90eV for radiation of 313nm. Use this data to calculate Planck’s constant and the work function of

aluminum.
2. Show that it is impossible for a photon striking a free electron to be absorbed and not scattered.

3. A nucleus emits a gamma ray of energy 1.0 MeV from a state that has a lifetime of 1.2ns. (a) What is the
uncertainty in the energy of the gamma ray? (b) The best gamma-ray detectors can measure gamma-ray

energies to a precision of no better than a few eV. Will this uncertainty be directly measurable?

4. Why does the wave nature of particles come as such a surprise to most people? If, as de Broglie says,
a wavelength can be associated with every moving particle, then why are we not forcibly made aware of
this property in our everyday experience? In answering, calculate the de Broglie wavelength of each of the

following “particles”:

(a) an automobile of mass 2 metric tons (2000kg) traveling at a speed of 50 mph (22m/s),

(b) a marble of mass 10 g moving with a speed of 10 cm/sec,

(c) asmoke particle of diameter 10~7 m (and a density of, say, 2 g/cm?) being jostled about by air molecules
at room temperature (300K). Assume the particle has the same translational kinetic energy as the

thermal average of the air molecules, p?/2m = 3k,T/2 with k,=1.38 x 10723 = Boltzmann’s constant.

5. A particle of mass m is trapped in a one dimensional oscillator potential, V (z)= %mw2x2 for —oco < <oc0.

The wave functions for the first two states are shown below.
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(a) Find the energy of the vy state.
(b) What are () and (p) for each state? An explicit calculation is unnecessary if you can provide a physical

explanation for your result.
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To save you some time, we note %(e
the integral table on the formula sheet.

6. At t=0, the (normalized) wave function of a free particle of mass m is given by
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(a) Find (z) at t=0. Your answer should agree with your commonsense expectation. Think carefully about
how to calculate |1)|?.
(b) What is the probability that the particle is found in the interval [z, %(scl + x9)]?
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