Diatomic hydrogen

1 Diatomic hydrogen

At low temperatures, a diatomic molecule can be well described as a rigid rotor. The Hamiltonian of
such a system is simply proportional to the square of the angular momentum
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(a) What is the energy of the ground state and the first and second excited states of the Hy molecule?
i.e. the lowest three distinct energy eigenvalues.

(b) At room temperature, what is the relative probability of finding a hydrogen molecule in the ¢ =0
state versus finding it in any one of the ¢ = 1 states?
i.e. what is Pr—gm—0/ (Pr=1m=—1 + Prm1,m=0 + Pre1,m=1)

(c) At what temperature is the value of this ratio 17

(d) At room temperature, what is the probability of finding a hydrogen molecule in any one of the
¢ = 2 states versus that of finding it in the ground state?
i.e. what is Pr—gm=o/ (Preom=—2 + Pr—om——1+ -+ + Prom=2)
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