
Homework II: Atoms, magnetic fields, 
and superfluidity

Homework is due Tuesday September 23th. As a reminder, collaboration between students is encour-
aged, but everyone must turn in their own solutions.

Problem 1: Atom in a magnetic field
Consider an 87Rb atom in a magnetic (quadrapole) trap. The electronic configuration of Rubidium is 
[Kr] 5s1 and the nuclear spin is I = 3 $2. We are interested in the force that will be exerted by the mag-
netic field on the 87Rb atom. The easiet way to compute the force on the atom is by taking a gradient of 
the atom energy F = %∇Eatom, hence we need to find how the energy of the atom depends on the magen-
tic field.

Part 1: Write down the Hamiltonian that describes the influence of the magnetic field on the outer most 
electron and on the nuclear spin as well as the hyperfine coupling between the electron spin and the 
nuclear spin. 

Part 2: What is the level structure at zero magnetic field? How can we group the level structure at high 
magnetic field (i.e. what is the dominant and subdominant splitting)?

Part 3: After looking up atomic data for 87Rb, we find that the electronic gyromagnetic ratio has been 
measured to be gJ52 S1$2 = 2.002331 while the nuclear gyromagnetic ratio was found to be 
gI = %0.000 995141. The hyperfine coupling (magnetic dipole constant) is A = h ·3.417 Ghz (where h is 
the Planck Constant). Plot the hyperfine level structure for 87Rb as a function of the magnetic field (for 
consistency of units let us use Tesla for magnetic field and GHz for E $h).

Problem II: Bogoliubov modes in a superfluidity
Part 1: Let *0〉 be the ground state of a superfluid with no Bogoliubov excitations. Consider the state 
created by exciting m Bogoliubov quasi-particles with momentum +q.
-+q† m

m!
*0

Compute the number of original bosons with momentum +q and %q. Verify that there are muq2 + vq2 

bosons with momentum +q and (m + 1) vq2 bosons with momentum -q.

Problem III: Quenching a superfluid
In class we considered the sudden quench from the free boson to the interacting boson regime. In this 
problem we will fill in the missing steps from class. 

Part 1: Immediately following the quench the wave function of the atoms has not had time to evolve and 
hence it is exactly the same as immediately before the quench. In terms of the original (free) bosons, 
the wave function has no occupied finite momentum modes 

bp *(t = 0) = 0. 

Show how to rewrite this wave function in terms of the quasi-particle basis (i.e. the eigenmodes follow-
ing the quench). 

Part 2: The wave function we obtained in part 1 is not the stationary state of the new Hamiltonian. Find 
how the wave function evolves in time.

Part 3: Experiment (both in cold atoms and in cosmology) measures the static structure factor. Obtain 
an expression for the Sk at time t after the quench.
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