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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/


Reinforcement 
learning 
for 
natural 
intelligence

• Interactive class, feel free to ask questions 

• Anything confusing? I’ll try to explain a 
different way 



Qubits & Superposition

| ⟩𝜓𝜓 = 𝑎𝑎
𝑏𝑏 = 𝑎𝑎 ⟩|0 + 𝑏𝑏 ⟩|1

|𝑎𝑎|2 + |𝑏𝑏|2 = 1







Dirac notation and wavefunction

−
ħ2

2𝑚𝑚
∇2𝛹𝛹 𝒓𝒓, 𝑡𝑡 + 𝑉𝑉 𝒓𝒓, 𝑡𝑡 𝛹𝛹 𝒓𝒓, 𝑡𝑡 = 𝑖𝑖ħ

𝜕𝜕𝛹𝛹 𝒓𝒓, 𝑡𝑡
𝜕𝜕𝑡𝑡

Schrödinger equation has the form of a wave equation
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Therefore the solution 
is a linear combination 
Of all the possible 
wavefunctions
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∫ 𝜙𝜙𝑗𝑗 ∗(𝑥𝑥)+∞
−∞  𝜓𝜓(𝑥𝑥)𝑑𝑑𝑥𝑥 =  ∑ 𝑐𝑐𝑖𝑖𝑖𝑖 ∫ 𝜙𝜙𝑗𝑗 (𝑥𝑥)∗+∞

−∞  𝜙𝜙𝑖𝑖(𝑥𝑥)𝑑𝑑𝑥𝑥 =  𝑐𝑐𝑗𝑗  . 
 
In Dirac notation, |𝜓𝜓⟩ = ∑ 𝑐𝑐𝑖𝑖|𝜙𝜙𝑖𝑖⟩𝑖𝑖  , where 𝑐𝑐𝑗𝑗 = 〈𝜙𝜙𝑗𝑗 |𝜓𝜓〉 .  



Dirac notation and wavefunction

−
ħ2

2𝑚𝑚
∇2𝛹𝛹 𝒓𝒓, 𝑡𝑡 + 𝑉𝑉 𝒓𝒓, 𝑡𝑡 𝛹𝛹 𝒓𝒓, 𝑡𝑡 = 𝑖𝑖ħ

𝜕𝜕𝛹𝛹 𝒓𝒓, 𝑡𝑡
𝜕𝜕𝑡𝑡

Schrödinger equation has the form of a wave equation

�
−∞

+∞

𝜙𝜙∗ 𝑥𝑥 𝜓𝜓 𝑥𝑥 𝑑𝑑𝑥𝑥 ≡ 𝜙𝜙|𝜓𝜓
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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



2-norm Vs 1-norm 
https://www.scottaaronson.com/democritus/lec9.html

To read more rigorous mathematical derivations of the
axioms in modern quantum theory:

• https://arxiv.org/abs/quant-ph/0101012
• https://arxiv.org/abs/1011.6451
• https://arxiv.org/abs/quant-ph/0104088

�
𝑖𝑖
𝑝𝑝𝑖𝑖 = 1

�
𝑖𝑖
𝑎𝑎𝑖𝑖 2 = 1

1-norm
Classical

2-norm
Quantum mechanical

Generalized probability theory

Amplitude can be positive, negative or complex 

https://www.scottaaronson.com/democritus/lec9.html
https://na01.safelinks.protection.outlook.com/?url=https://arxiv.org/abs/quant-ph/0101012&data=02|01||e6c373b510414df1dde208d61338d5e0|72f988bf86f141af91ab2d7cd011db47|1|0|636717532290977878&sdata=rnzSVxuIMdEji6msSqMJnSRV6k15EXJI1ssA5kMGZsI%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https://arxiv.org/abs/1011.6451&data=02|01||e6c373b510414df1dde208d61338d5e0|72f988bf86f141af91ab2d7cd011db47|1|0|636717532290987887&sdata=V8hp0DioUBdQVdKGZPwCvUlEDDuhrAtG9dibGdAXeuk%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https://arxiv.org/abs/quant-ph/0104088&data=02|01||e6c373b510414df1dde208d61338d5e0|72f988bf86f141af91ab2d7cd011db47|1|0|636717532290987887&sdata=ygy%2BEMrTnB4FTGShwLB4DWh7jz7BYR15Nn9Sk1DLqAk%3D&reserved=0


Future topics

Theory 
(Physics)

Theory 
(Computation) Algorithms Software Hardware
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