
Introduction to 
Quantum Computing

Kitty Yeung, Ph.D. in Applied Physics

Creative Technologist + Sr. PM
Microsoft

www.artbyphysicistkittyyeung.com
@KittyArtPhysics
@artbyphysicistkittyyeung

June 14, 2020
Hackaday, session 11
Other communities, session 3



Class structure

• Comics on Hackaday – Introduction to Quantum 
Computing every Sun

• 30 mins – 1 hour 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/


Next class



Qubits & Superposition

| ⟩𝜓𝜓 = 𝑎𝑎
𝑏𝑏 = 𝑎𝑎 ⟩|0 + 𝑏𝑏 ⟩|1

|𝑎𝑎|2 + |𝑏𝑏|2 = 1







Complex numbers

A one-qubit state | ⟩𝜓𝜓 = 𝑧𝑧0 ⟩|0 + 𝑧𝑧1 ⟩|1 can be written as

𝑎𝑎0 + 𝑏𝑏0 ⟩|0 + 𝑎𝑎1 + 𝑏𝑏1 ⟩|1

= 𝑟𝑟0𝑒𝑒𝑖𝑖𝜑𝜑0 ⟩|0 + 𝑟𝑟1𝑒𝑒𝑖𝑖𝜑𝜑1 ⟩|1 .

Therefore, the probability of finding state ⟩|0 is 𝑟𝑟0𝑒𝑒𝑖𝑖𝜑𝜑0
2 = 𝑟𝑟02. Similarly, for

state ⟩|1 it is 𝑟𝑟12. The probability is determined by the magnitude of amplitude
and is independent from phase.







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
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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




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



aka.ms/learnqc

https://docs.microsoft.com/en-us/learn/modules/qsharp-
create-first-quantum-development-kit/

https://docs.microsoft.com/en-us/users/buildcollections2020-6557/collections/1o2iogrmn8x4r
https://docs.microsoft.com/en-us/learn/modules/qsharp-create-first-quantum-development-kit/


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
• Measurement
• Tasks 1.1-1.4

https://github.com/Microsoft/QuantumKatas




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




Development of quantum mechanics 
(~100 years ago)
• Quantization of energy (black-body radiation – the UV catastrophe, the photoelectric effect, the 

Compton effect, Stern-Gerlach experiment)

• Wave-particle duality (double-slit experiment, atomic structure, de Broglie hypothesis, electron 
diffraction, molecular diffraction)

• Schrödinger equation

Photo from Fifth Solvay International Conference 
on Electrons and Photons in 1927



Schrödinger equation

−
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



Schrödinger equation
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𝜓𝜓 𝑥𝑥 = �
𝑖𝑖

)𝑐𝑐𝑖𝑖𝜙𝜙𝑖𝑖(𝑥𝑥
Therefore the solution 
is a linear combination 
of all the possible 
wavefunctions



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

𝜓𝜓 𝑥𝑥 = �
𝑖𝑖

)𝑐𝑐𝑖𝑖𝜙𝜙𝑖𝑖(𝑥𝑥

 

∫ 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

| ⟩𝛹𝛹 denotes “the state with wavefunction” 𝛹𝛹 𝒓𝒓, 𝑡𝑡

𝛹𝛹∗ 𝒓𝒓, 𝑡𝑡 = ⟨𝛹𝛹|

𝜓𝜓 𝑥𝑥 = �
𝑖𝑖

)𝑐𝑐𝑖𝑖𝜙𝜙𝑖𝑖(𝑥𝑥

 

∫ 𝜙𝜙𝑗𝑗 ∗(𝑥𝑥)+∞
−∞  𝜓𝜓(𝑥𝑥)𝑑𝑑𝑥𝑥 =  ∑ 𝑐𝑐𝑖𝑖𝑖𝑖 ∫ 𝜙𝜙𝑗𝑗 (𝑥𝑥)∗+∞

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



Same behaviours of 
different systems 
in our universe 



Wave equations





https://www.microsoft.com/quantum/development-kit

https://www.microsoft.com/en-us/quantum/development-kit


Participate

• Dr. Sarah Kaiser is doing Q# coding live every Wed and Sat at 12pm PT. 
Check them out! https://www.twitch.tv/crazy4pi314

• Microsoft Q# coding contest is happening from June 19 to June 22, 
2020. Register now! https://codeforces.com/blog/entry/77614

https://www.twitch.tv/crazy4pi314
https://codeforces.com/blog/entry/77614


Questions

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

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

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