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20.11.2013

Exercise 16

Quantum teleportation:
Imagine the following setup in picture one on page 2 where path 1 is a photon beam in a 1-qubit
state |η〉1 and paths 2 and 3 are an entangled pair of qubits in the |ψ−〉23 Bell state.

|η〉1 = a|H〉1 + b|V 〉1 , |a|2 + |b|2 = 1

|ψ−〉23 =
1√
2
(|H〉2 ⊗ |V 〉3 − |V 〉2 ⊗ |H〉3)

• Combine these states to a state |ψ〉123 in the Hilbert space H1 ⊗H2 ⊗H3.

• Expand the subset of states H1 ⊗H2 into Bell states. (e.g. | 〉1| 〉2 = |ψ−〉12 + . . .)

• Rewrite the result to the form: [|ψ−〉12(a| 〉3 + b| 〉3) + . . .]

• Calculate the result of Alice performing a Bell state measurement e.g. Alice projects onto a
Bell state. Do this for all four Bell states. (|ψ−〉12〈ψ−|ψ〉123 = . . .)

• From this result calculate the unitary matrices which Bob has to apply in order to achieve
the initial state.

Exercise 17

Entanglement swapping:
Imagine the following situation in picture two on page 2 where you have two sources for entangled
states which produce the following states.

|ψ−〉12 =
1√
2
(|H〉1 ⊗ |V 〉2 − |V 〉1 ⊗ |H〉2)

|ψ−〉34 =
1√
2
(|H〉3 ⊗ |V 〉4 − |V 〉3 ⊗ |H〉4)

• Combine these states to a state |ψ〉1234 in the Hilbert space H1 ⊗H2 ⊗H3 ⊗H4.

• Expand the subset of statesH2⊗H3 andH1⊗H4 into Bell states. (e.g. | 〉1| 〉4 = |ψ−〉14+. . .)

• Rewrite the result to a sum of tensor products of Bell states: [|ψ〉1234 = (|ψ+〉14|ψ+〉23)+ . . .]

• What is the result, if you project the whole state onto a Bell state of the subset H2 ⊗H3?



Figure 1: Quantum teleportation

Figure 2: Entanglement swapping


