
Homework Assignment #2
Physics 8.421, Spring 2006, Prof. W. Ketterle
Due Wednesday, Feb. 24, 2006

1. Atomic Units
Let the atomic unit of E field be EA ≡ e/a2

0, the field of the ground state electron at the site of the proton
in hydrogen.

a) On the scale of atomic units, the energy of the electrostatic potential balences the energy of quantum
confinement. Use this equality to derive the atomic size, a0. (Ignore numerical factors.)

b) Find the magnetic field of the electron at the proton, BN . (Assume a classical orbit for the electron. If
factors of 2 arise, ignore them.)

c) Find the magnetic field, BH , which has an interaction energy of one Hartree with a Bohr magneton.

d) Express these fields in terms of EA (Gaussian units).

e) Are there strong reasons to prefer BN or BH as the atomic unit of magnetic field?

2. Planck Units
a) Universal or Planck units are defined in terms of c, h̄, and G which define the units of mass, length, and
time. Find expressions for mP , lP , and tP in terms of c, h̄, and G and calculate their magnitude in SI units.
These are known as the Planck mass (or Planck energy if c ≡ 1), Planck length, and Planck time.

b) What energies balance on the Planck scale?

3. Determination of the fine structure constant, α
a) Suppose it were possible to precisely measure the mass difference, ∆M , of two nuclear energy levels in
atomic mass units (the scale where 12C has a mass of 12 amu, not the atomic unit of mass, me), as well as
the wavelength, λ (in meters), of the gamma ray emitted in the transition between them. Show that this de-
termines the product of the fundamental constants, NAh̄. (Hint: What is ∆m, the mass difference in grams?)

b) If the molar Planck constant, NAh̄, were measured accurately, this could lead to a better value for the
fine structure constant, α. Find a relationship between NAh̄, α, and other accurately measured quantities.
(Hint: Compare the ratio of α2 and the Rydberg constant, R∞, which is the Rydberg energy (half of a
Hartree) divided by hc making it an inverse length.)

Current mass measurements at MIT using Dave Pritchard’s single ion trap have a part-per-billion accuracy.
Combined with other precision measurements, this could yield a new value of NAh and subsequently α at
the few ppb level. So far, the best measurements of α are 4 to 40 ppb, and they disagree. See M.P. Bradley
et al., Phys. Rev. Lett. 83, 4510 (1999) for the latest determination of α using the mass of Cs.



For questions or assistance with this assignment contact:
Jaroslaw Labaziewicz
labaziew@mit.edu
617-253-2852

Office hours will be on Thursday, 7:00pm in 26-201, or by e-mail request.
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