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1. Review the set-up of perturbation theory.



2. Find the first order correction to the eigenstates.



Activity 1: Consider H = Hy + AV, with

2 1 1
Hy = % + imwaQ, V= imwaZ.

(a) Use first order perturbation theory to find the energy levels to
order A.



(b) Find the first order correction to the ground state wave function.



(c) Find the exact answer for the energy levels. Compare to
perturbation theory.



Activity 2: Fragility of quantum states. Consider a quantum
information processor, which is storing a quantum state in the ground
state of the following Hamiltonian:

N
Hy = E aiSy i
im1

Here S ; denote spin-z matrices for N spins ¢ =1,..., N. Assume
that each a; > 0 is distinct.

(a) What are the eigenstates and eigenvalues of Hy?



(b) Now consider the perturbed Hamiltonian

N
H:Ho—f—)\ZSw.

i=1

Find the eigenstates of H to first order in A.



(c) Calculate the length of the order A correction to each eigenstate.
What happens as N becomes large?



