Recall the two-particle CM coordinate transformation:
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Consider a two particle state where each particle has definite momentum: p; = hl; fori=1,2:

b = ek Titke ) 2)

Rewrite this wavefunction using the CM coordinates l?i, T. Show that the result can be interpreted
as total momentum P = P; + Po, and relative momentum p = (Vv — Vo). For the case of identical
particles (m; = mg = m = M/2), write down a sum of wavefunctions like (2) that is symmetric

under particle exchange, convert the result to the CM coordinates, and simplify to produce a result
like:

v

P = KR COS(E' T)
Show that antisymmetric under exchange results in something like:
¥ = eBR gin(k - T)

Consider two identical particles (m1 = mgo = m = M /2) that together experience a one dimensional
simple harmonic potential:

V= % mw? (x% +x%)

The Hamiltonian can be expressed as the sum of two identical SHOs:
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The product wavefunction:
¥ = |n1) |n2)

can then be seen to be an eigenfunction with eigenenergy that is the sum of the individual SHO
engenenergies:

E:hw(n1+%)+hw(n2—l—%)

Rewrite this Hamiltonian in terms of the CM coordinates (X, z) and show that the result is still
the sum of SHOs, with eigenenergies:

E:hw(N—l—%)—l—hw(n—l-%)

Note that particle exchange x1 < x9 becomes: x < —x and X < X If the particles are fermions
(i.e., if this wavefunction must be antisymmetric [a.k.a. odd] under particle exchange), what values
of N,n are allowed? List the NV, n for the four lowest energy antisymmetric states. If the particles
are bosons (i.e., if the wavefunction must be symmetric [a.k.a. even] under particle exchange), what
values of N,n are allowed? List the N,n for the four lowest energy symmetric states.



