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Class structure

• Comics on Hackaday – Introduction to Quantum 
Computing every Wed & Sun

• 30 mins every Sun, one concept (theory, 
hardware, programming), Q&A

• Contribute to Q# documentation 
http://docs.microsoft.com/quantum

• Coding through Quantum Katas
https://github.com/Microsoft/QuantumKatas/

• Discuss in Hackaday project comments
throughout the week

• Take notes

https://hackaday.io/project/168554-introduction-to-quantum-computing
https://nam06.safelinks.protection.outlook.com/?url=http%3A%2F%2Fdocs.microsoft.com%2Fquantum&data=02%7C01%7CKitty.Yeung%40microsoft.com%7C29071a1b22614fb9a5fc08d756671eb9%7C72f988bf86f141af91ab2d7cd011db47%7C1%7C0%7C637072873203036069&sdata=TcgDFSx31xZyVWqHazZYk%2BmL3eETZyZFtsmEbYZD9q0%3D&reserved=0
https://github.com/Microsoft/QuantumKatas/
















https://sciencenode.org/spotlight/nobel-prize-goes-quantum-
computing-pioneers.php

https://quantumoptics.at/en/mobile/en/news/72-scalable-
multiparticle-entanglement-of-trapped-ions.html

https://sciencenode.org/spotlight/nobel-prize-goes-quantum-computing-pioneers.php
https://quantumoptics.at/en/mobile/en/news/72-scalable-multiparticle-entanglement-of-trapped-ions.html




Trapped 
Ion

Physicists Demonstrate Quantum Memory with Matter Qubits

July 3, 2009 By Lisa Zyga, Phys.org

Honeywell on-chip 
ion trap





Superconducting quantum circuits 

http://iontrap.umd.edu/

Superconductors vs. Trapped Ions 

John Martinis -> Google

http://iontrap.umd.edu/


Classical to quantum mechanical: 
1. effective length of the circuit is smaller than the electron 

scattering length in the circuit; 
2. temperature is low enough: 𝑘𝑇 < ħ𝜔, where 𝑘 is the 

Boltzmann constant, 𝑇 is the temperature and 𝜔 = 𝐿𝐶 is 
the natural frequency of the circuit.





The specific criteria are: effective length of the circuit is smaller

than the electron scattering length in the circuit; and the

temperature is low enough. How cold is low enough? 𝑘𝑇 < ħ𝜔,

where 𝑘 is the Boltzmann constant, 𝑇 is the temperature and

𝜔 = 𝐿𝐶 is the natural frequency of the circuit. Typically, with

small circuits we make today, the temperature could be below

liquid Helium temperature at 4K.



Dilution refrigerators







Topological quantum computer

https://www.nature.com/articles/nature26142

Quantized Majorana Conductance 

Majorana Fermions – particle equals anti-particle
Fractional quantum Hall conductance
Low temperature in magnetic field

https://arxiv.org/pdf/cond-mat/0412343.pdf

https://www.nature.com/articles/nature26142
https://arxiv.org/pdf/cond-mat/0412343.pdf












Reading: Topological Quantum Computer

• https://scipost.org/SciPostPhys.3.3.021/pdf

• https://arxiv.org/abs/cond-mat/0010440

• https://arxiv.org/abs/cond-mat/9906453

https://scipost.org/SciPostPhys.3.3.021/pdf
https://arxiv.org/abs/cond-mat/0010440
https://arxiv.org/abs/cond-mat/9906453


Quantum Computer Hardware

Science, Dec 2016, Vol 354, Issue 6316

DOI: 10.1126/science.354.6316.1090



Quantum Computer Hardware

Science, Dec 2016, Vol 354, Issue 6316

DOI: 10.1126/science.354.6316.1090

Photonics quantum computing



Q# exercise: option 1

No installation, web-based Jupyter Notebooks

• The Quantum Katas project (tutorials and exercises for learning quantum computing) https://github.com/Microsoft/QuantumKatas

• Tutorials

• BasicGates

• Superposition

• Measurements

• Teleportation

• SuperdenseCoding

• DeutschJozsaAlgorithm

• GroversAlgorithm

• SimonsAlgorithm

https://github.com/Microsoft/QuantumKatas


Certificate

• Complete any one quantum katas

• Take a screenshot or photo

• Post on Twitter or LinkedIn

• Twitter: @KittyArtPhysics @MSFTQuantum @QSharpCommunity
#QSharp #QuantumComputing #comics #physics

• LinkedIn: @Kitty Y. M Yeung #MSFTQuantum #QSharp
#QuantumComputing #comics #physics


