Physics 402 Problem Set 12

This final problem set covers problems related to atomic transitions. It’s specifically designed
to prepare you for the types of problems that might appear on our exam. In fact, all of these
problems did appear on exams, in 2017, 2018, and 2019.

Problem 0
Watch the April 2 videos.
Problem 1

A cavity contains 3N molecules with two available states. There are 2N molecules in the
ground state |0) with energy Fy and N molecules in an excited state |1) with energy F; >
FEy. The cavity contains incoherent electromagnetic radiation; the energy density per unit

frequency is described by some function p(w).

a) Describe the various physical processes that could cause the number of molecules in each

state to change with time.

b) If the matrix elements for the components of the electric dipole operator are given by
(1|P:[0) = (1|P,|0) = (1|P:]0) = p

what condition on p(w) ensures that the number of molecules in each state will remain

constant on average?
Problem 2
The temperature at the surface of the sun is about 5.8 x 103K.

a) At this temperature, what is the ratio R /Rspon between the rates for stimulated and

spontaneous emissions from the |210) state of hydrogen to the ground state?

b) What is the spontaneous transition rate? These may be useful:
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Problem 3

A particular molecule has three low-energy states |¢1), |[12), and |¢3) with energies —FEj,
—FEy/2, and —Ey/4 respectively. The matrix elements (1,|P|thy) of the electric dipole mo-

ment operator for these three states are

1 240 0 0 —i 0 0 —1 0
Pt =P | 2-i 3 1 v—Py| i 3 2 =P -1 4 0
0 1 2 0 2 0 0 0 1

A collection of 100,000 of these molecules are prepared in the |¢)9) state. The molecules are

in an environment where the background radiation density is as shown in the plot.

What is the expected amount of time before only 99,900 molecules remain in the state |¢q)?
You may assume that only the three states described above are relevant and that processes

involving multiple transitions (e.g. 2 — 1 — 2) can be ignored.
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