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Problem sheet - HT tutorial 5
Self-assessed questions

Q1. The exchange principle for identical particles

[JW QM HT Q5.4]

Q2. Interactions between particles and exchange symmetry

[JW QM HT Q5.5]

Q3. Some practise with exchange symmetry and quantum states

[JW QM HT Q5.6]
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Main questions

Q1. The Zeeman effect

[JW QM HT Q4.4]

Q2. Helium atom: electron screening

[JW QM HT Q5.1]

Q3. The variational principle

Given a system with a Hamiltonian H and eigenstates |n⟩ labelled by an integer n with energies
εn such that ε0 < ε1 < ε2 · · · , prove that for any normalized state |ψ⟩ we have ⟨ψ|H |ψ⟩ ≥ ε0. Use
this fact to formulate the variational principle for a single parameter p family of states |ψ(p)⟩.

Q4. Application of the variational principle

[JW QM HT Q5.2]
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Q5. Helium atom: ionization energy

[JW QM HT Q5.3]

Q6. Helium atom: structure of spectrum

Consider the helium atom in the approximation that the electron-electron repulsion is neglected.
What is the ground state wave function for orthohelium where the electrons have a total spin S = 1
(triplet)? What is its degeneracy in this approximation? Why is this ground state higher in energy
than that of parahelium where the electrons have a total spin S = 0 (singlet)?

Q7. Helium atom: splitting effects of electrons being indistinguishable

[JW QM HT Q5.7]
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