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Hyperfine Splitting

In your Astrophysics Laboratory course, you are performing experiments in mi-
crowave spectroscopy. Your instructor mentions something called “hyperfine struc-
ture”, that can split spectral lines in the sub-millimenter wavelengths of radio
waves that arrive from interstellar space. Looking up the term on the internet,
you find that hyperfine splitting occurs in an atom when the magnetic field of an
orbiting electron interacts with the magnetic field of the atomic nucleus. Out of
curiousity, you decide to calculate the strength of the magnetic field created by
an electron at the location of the central proton, in a hydrogen atom. You model
the electron as orbiting in a perfect circle around the proton, at the Bohr radius,
rB = 5.29× 10−11 m.
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Instructions:
Construct a visual representation of the situation described, with all physical quantities represented by symbolic
variables. Identify the concepts that will be needed to answer the question posed, as well as any simplifying assump-
tions that you will use. Outline a plan (that is, a series of analytical steps) that you will use solve the problem, and
then follow those steps to solve the problem.

You may work as a group to complete this exercise, but
each student is expected to submit an individual solution.




