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Dense Quantum Coding

Quantum teleportation



Dense Quantum Coding

C. Bennett, S. Wiesner, Phys. Rev. Lett. 69, 2881 (1992)
(Einstein–Podolsky–Rosen state == entangled state)



Dense Quantum Coding 4

Alice and Bob both hold one qubit of an entangled two-qubit
state:

|Φ+〉 =
1√
2

(|00〉+ |11〉)

https://qiskit.org/textbook/ch-algorithms/superdense-coding.html

https://qiskit.org/textbook/ch-algorithms/superdense-coding.html


Dense Quantum Coding 5

Alice wants to send Bob a sign - one the following digits
{00, 01, 10, 11}. For that she chooses to act on the entagled state
|Φ+〉 by a respective operator:

to obtain the states |Φ+〉, |Φ−〉, |Ψ+〉, |Ψ−〉.
On its side Bob measures the values of the observables σAz ⊗ σBz
and σAx ⊗ σBx . From their eigenvalues he understands the sign.



Dense Quantum Coding 6



Quantum teleportation

C.H. Bennet, G. Brassard, C. Crepeau, R. Jozsa, A. Perez, W.K. Wootters, Phys.
Rev. Lett. 70(13), 1895 (1993)



Quantum teleportation 8

In dense coding A. wanted to transfer a number to B. while in
"teleportation" A. wants to “send” B. a qubit.

Again A. and B.
both hold a qubit in a two-qubit entagled state

|Φ+〉AB =
1√
2

(|00〉+ |11〉).

The qubit A. wants to “send” is a different one:

|Ψ+〉 = a|0〉+ b|1〉.

A. explores the product state |Ψ+〉|Φ+〉AB which equals to 1:

1see Scherer, p.254
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A. applies σSz ⊗ σAz and σSx ⊗ σAx

to obtain two digits which she sends to B.

B. on its side using the same correspondance as A. was using in
“dense coding”

to transform his qubit from the entangled state and transform it
to |ψ〉.



A. applies σSz ⊗ σAz and σSx ⊗ σAx

to obtain two digits which she sends to B.
B. on its side using the same correspondance as A. was using in
“dense coding”

to transform his qubit from the entangled state and transform it
to |ψ〉.





Quantum computing pioneers earn Breakthrough Prize12

September 22, 2022
==================

https://perimeterinstitute.ca/news/
quantum-computing-pioneers-earn-breakthrough-prize

https://perimeterinstitute.ca/news/quantum-computing-pioneers-earn-breakthrough-prize
https://perimeterinstitute.ca/news/quantum-computing-pioneers-earn-breakthrough-prize


Qiskit on dense coding and teleportation 13

https://qiskit.org/textbook/ch-algorithms/
superdense-coding.html

https://qiskit.org/textbook/ch-algorithms/superdense-coding.html
https://qiskit.org/textbook/ch-algorithms/superdense-coding.html
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