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PROBLEM 2: Harmonic Oscillator with Two Particles

Consider a Hamiltenian for two non-interacting particles:

\ P 1 Py o1 :
H(1,2) = ﬁ + §mw§X12 + ﬁ + imwg)&’f

= H+H,

where wy = 2w; = 2w.
Defining the raising and lowering operators:
1

dy = 5 (-Yn + ?Pn)
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N

where n = 1,2 and

_ mw,, \ /2
%, = (—u) X,
h
1

) 1/2
F, R ( ) JPﬂ,
ey,

such that o, af] = dpn,myn=1,2,
Answer the following questions:

y({ 2 points] Write the Hamiltonian in terms of raising and lowering operators.

(,kf{ 2 points] Write the cigenvector [¢n, »,) in terms of the ground state 95.0) = |@n,=0)|Pny=0)
7 where |¢y,,) is the eigenvector for particle 1, i.e.,

1
’ HlE‘j)m) = (71-1 + 5) h“"“'1|¢’m)

and similarly for particle 2.

%) [1 points} Write a formula for the energy levels of this oscillator, £y, with n defined in terms
of 11 and ny.

((‘d)\i [1 points] Determine a formula for the degeneracy, gn , of an energy level E,.
}ﬁf [2 points] Using your results from part (d) determine the degencracy g for the cnergy,
FE = 15/2hw and list all the eigenfunctions {1, »,) that have this encrgy.

}f{ 2 points] Determine AXy, the uncertainty in X for the state |9 =1,mp=2) using raising
and lowering operators. Discuss the dependence of AXy, on the frequency oy and explain
why it makes sense physically.
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