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States – classical bits
| ⟩0 = 1

0 , ⟩|1 = 0
1





















Measurement

⟩|𝜓𝜓 = ⟩𝑐𝑐00|00 + ⟩𝑐𝑐01|01 + ⟩𝑐𝑐10|10 + 𝑐𝑐11 ⟩|11

𝑃𝑃 = |𝑐𝑐00|2 + |𝑐𝑐01|2

⟩|𝜓𝜓′ =
⟩𝑐𝑐00|00 + ⟩𝑐𝑐01|01
𝑃𝑃

Not reversible

After measurement

If first qubit is 0







Entanglement

�|𝜑𝜑± = ⟩|01 ± ⟩|10
2

and �|𝜙𝜙± = ⟩|00 ± ⟩|11
2

Bell states

Take ⟩|𝜙𝜙+ as an example, upon measuring the first qubit, one obtains two possible results:

1. First qubit is 0, get a state ⟩|𝜙𝜙′ = ⟩|00 with probability ½.
2. First qubit is 1, get a state ⟩|𝜙𝜙′′ = ⟩|11 with probability ½. 

If the second qubit is measured, the result is the same as the above. This means that measuring
one qubit tells us what the other qubit is.







https://quantumfactsheet.github.io/

https://quantumfactsheet.github.io/




Graphic representation of a qubit



Graphic representation of a qubit



Graphic representation of a qubit



Gates (quantum operations)











Q# exercise:

No installation, web-based Jupyter Notebooks
• The Quantum Katas project (tutorials and exercises for learning 

quantum computing) https://github.com/Microsoft/QuantumKatas
• Superposition
• Tasks 1.1, 1.2, 1.3, 1.4?

https://github.com/Microsoft/QuantumKatas


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
• BasicGates
• Tasks 1.1-1.3
• Task 1.4, 1.5
• Task 1.6, Microsoft.Quantum.Intrinsic
https://review.docs.microsoft.com/en-us/qsharp/api/qsharp/microsoft.quantum.intrinsic
• Task 1.7 Microsoft.Quantum.Math
• Tutorial 

https://github.com/microsoft/QuantumKatas/tree/master/tutorials/SingleQubitGates

https://github.com/Microsoft/QuantumKatas
https://review.docs.microsoft.com/en-us/qsharp/api/qsharp/microsoft.quantum.intrinsic
https://github.com/microsoft/QuantumKatas/tree/master/tutorials/SingleQubitGates


Hadamard H
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(| ⟩0 − | ⟩1 ) ≡ | ⟩− . 



Pauli gates

𝑋𝑋 = 0 1
1 0

𝑋𝑋
𝛼𝛼
𝛽𝛽 = 𝛽𝛽

𝛼𝛼



Pauli gates

𝑋𝑋 = 0 1
1 0

𝑋𝑋
𝛼𝛼
𝛽𝛽 = 𝛽𝛽

𝛼𝛼

𝑌𝑌 = 0 −𝑖𝑖
𝑖𝑖 0

𝑌𝑌
𝛼𝛼
𝛽𝛽 = 𝑖𝑖 −𝛽𝛽

𝛼𝛼



Pauli gates

𝑋𝑋 = 0 1
1 0

𝑋𝑋
𝛼𝛼
𝛽𝛽 = 𝛽𝛽

𝛼𝛼

𝑌𝑌 = 0 −𝑖𝑖
𝑖𝑖 0

𝑌𝑌
𝛼𝛼
𝛽𝛽 = 𝑖𝑖 −𝛽𝛽

𝛼𝛼

𝑍𝑍 = 1 0
0 −1

𝑍𝑍
𝛼𝛼
𝛽𝛽 =

𝛼𝛼
−𝛽𝛽



General rotation
In general, rotation gates, R, about an axis can be 

described by the angles 𝜙𝜙 and 𝜃𝜃:

𝑅𝑅𝑧𝑧 𝜙𝜙 = 𝑒𝑒−𝑖𝑖𝑖𝑖/2 0
0 𝑒𝑒𝑖𝑖𝑖𝑖/2 ,

𝑅𝑅𝑦𝑦 𝜃𝜃 =
cos 𝜃𝜃

2
− sin 𝜃𝜃

2

sin 𝜃𝜃
2

cos 𝜃𝜃
2

,

and

𝑅𝑅𝑥𝑥 𝜃𝜃 =
cos

𝜃𝜃
2 −𝑖𝑖 sin

𝜃𝜃
2

−𝑖𝑖 sin
𝜃𝜃
2 cos

𝜃𝜃
2

=𝑅𝑅𝑧𝑧
𝜋𝜋
2
𝑅𝑅𝑦𝑦 𝜃𝜃 𝑅𝑅𝑧𝑧 − 𝜋𝜋

2
.

https://review.docs.microsoft.com/en-
us/quantum/concepts/the-qubit?branch=tensor-product

https://review.docs.microsoft.com/en-us/quantum/concepts/the-qubit?branch=tensor-product




Quantum 
Algorithms

Performing calculations 
based on the laws of 
quantum mechanics

1980 & 1982: Manin & Feynman proposed the 
idea of creating machines based on the laws 
of quantum mechanics

1985: David Deutsch developed Quantum 
Turing machine, showing that quantum 
circuits are universal

1994: Peter Shor came up with a quantum 
algorithm to factor very large numbers in 
polynomial time 

1997: Grover developed a quantum search 
algorithm with O(√N) complexity 





Quantum algorithms use 
interference and entanglement



Circuit representation

Target B controlled by A

CNOT

















Class structure
• Comics on Hackaday – Quantum Computing through comics
every 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/


aka.ms/learnqc

https://docs.microsoft.com/en-us/users/buildcollections2020-6557/collections/1o2iogrmn8x4r


Questions

• Post in chat or on Hackaday project 
https://hackaday.io/project/168554-quantum-computing-through-
comics

• Past Recordings on Hackaday project or my YouTube 
https://www.youtube.com/c/DrKittyYeung

https://hackaday.io/project/168554-quantum-computing-through-comics
https://www.youtube.com/c/DrKittyYeung
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