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Problem 5.1. Verify that the quantum teleportation protocol will work if the
initial entangled state shared between Alice and Bob is |Φ+〉. For each possible
outcome of Alice’s measurement in the Bell basis, determine the local operation
Bob would need to perform on his photon after receiving a classical communi-
cation from Alice.

Problem 5.2. The tensor product Hilbert space of Alice’s and Bob’s photons
evolves under a Hamiltonian

Ĥ = ~ω(σ̂x ⊗ σ̂x + σ̂y ⊗ σ̂y + σ̂z ⊗ σ̂z).

a) Find the 4× 4 matrix of the Hamiltonian in the canonical basis.

b) Find the matrix of the evolution operator e−iHt/~.

c) What is the final state of the system after the period ωt = π/4 if the initial
state is an arbitrary separable state (a |H〉+ b |V 〉)⊗ (c |H〉+ d |V 〉)?

Problem 5.3. Find the Fourier transform of the following functions.

a) f(x) = δ(x + a) + δ(x− a).

b) f(x) = sin κx.

c) f(x) = sin3 κx.

d) f(x) = xe−x2
. (Hint: use the expression for the Fourier transform of a

derivative)

e) f(x) =
{

1 if − a ≤ x ≤ a
0 otherwise

f) f(x) =
{

1 if a ≤ x ≤ b
0 otherwise . Calculate your answer (i) by direct integration

and (ii) from part (e) using the expression (C.23) for the Fourier transform
of a shifted function. Verify that the two answers are consistent.
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g) f(x) =
{

sin κx if − a ≤ x ≤ a
0 otherwise . Calculate your answer (i) by direct

integration and (ii) noting that f(x) is the product of the functions from
parts (b) and (e) and using the fact that the Fourier transform of a product
is a convolution. Verify that the two answers are consistent.

Problem 5.4.

a) Show that
e−ip̂a/~ |x〉 = |x + a〉

b) Express the wavefunction of state e−ip̂a/~ |ψ〉 through the wavefunction
ψ(x) of state |ψ〉.
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