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Class structure

e Comics on Hackaday — Introduction to Quantum
Computing every Wed & Sun

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

e 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
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Qubits & Superposition
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NUMBER OF POSSIBLE
CONFIGORATIONS

NUMBER OF QUBITS, N

10
Not only does the number of

possible configurations grow
exponentially with the number
of qubits as 2V, the number of
possible combinations of amplitudes
is infinite, as long as their squares
- the probabilities - add up to 1,
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AN N-QUBIT STATE EACH POSSIBLE

NATURED

PR

can be positive numbers 1, 1/2,1/34 1/4 ..on
Q or negative numbers -1, -1/2, -1/3, -1/4 ,..n

CONFIGURATION

The amplitude ci = a4 bg €4 d caon

(these are real numbers)
n or imaginary numbers (+/=) 1, 1/2i, 1/3i; 1/4isc0ni

or O,

In general they can be complex numbers
(with real and imaginary parts with
positive or negative signs)!

What’s the consequence?
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Dirac notation and wavefunction

Schrodinger equation has the form of a wave equation

h? 0¥ (r, t
—— VY (r,t) + V(r, O)¥(r,t) = ih¥
2m dt

Paul Dirac <

Physicist

Paul Adrien Maurice Dirac OM FRS was an English theoretical physicist
who is regarded as one of the most significant physicists of the 20th
century. Dirac made fundamental contributions to the early development
of both quantum mechanics and quantum electrodynamics. Wikipedia
Born: August 8, 1902, Bristol, United Kingdom

Died: October 20, 1984, Tallahassee, FL

Field: Theoretical physics

Spouse: Margit Wigner (m. 1937-1984)
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L o Y(x) = E c;ipi(x)
is a linear combination

Of all the possible
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In Dirac notation, [) = X; ¢;|$;) , where ¢; = (¢; [{) .

|%¥) denotes “the state with wavefunction” ¥ (r, t)

P*(r,t) = (V|

j b ()W) dx = (B[)



Our daily experience of amplitudes(like those of water waves, 11

light waves, sound waves, etc,) has told uss

MR+ N
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AMPLITUDES CAN ADD UP =
CONSTRUCTIVE INTERFERECE

AMPLITUDES CAN CANCEL OUT =
DESTRUCTIVE INTERFERENCE



How likely will it be sunny the day after tomorrow?

CLASSICAL

USES PROBABILLITY DIRECTLY
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Having more paths in classical case
always leads to more likelihood,

QUANTUM

USES AMPLITUDE, AND CAN BE NEGATIVE
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But in quantum case, the 2nd path of
having a sunny day destructively
interferes with the 1st one, making

2920.‘!-.‘!'. it less likely,
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So, the things we observe (MEaSUYre)

are the results of interference,
Possible results from constructive
interference are more likely to be
measured, The other possibilities

cancel each other out through

destructive interference,

The famous double-slit experiment is a direct
w.t}.‘. manifestation of quantum interference,

Instead, most electrons

When one slit s blocked When two slits are open, ~ 2PPear in the center

most electrons are found here we don’t see these CONSTRUCTIVE

PESTRUCIINE INTERFERENCE
INTERFERENCE
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ARE QUANTUM
PARTICLES e

Interference is one of the “strange™ behaviours of
quantum systems enabled by superposition, What else?



Measurement

BOTH HEAD AND TATL MGASuREMEMI ONLY ONE OUTcomME
e

ARG POSSIRLE CANNOT RETURN
To PREVIOUS STATE

Not reversible
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Scott Aaronson <

American computer scientist

Generalized probability theory

Scott Joel Aaronson is an American theoretical computer scientist and
David J. Bruton Jr. Centennial Professor of Computer Science at the
University of Texas at Austin. His primary areas of research are quantum
computing and computational complexity theory. Wikipedia

Born: May 21, 1981 (age 37 years), Philadelphia, PA
Nationality: American
1-norm . |
p , — 1 Spouse: Dana Moshkovitz
1 . . . )
i CI a SS | Ca I Books: Quantum Computing Since Democritus
Known for: PostBQP, P versus NP problem, Boson sampling

Education: Cornell University, University of California, Berkeley

2-norm Vs 1-norm

z |Cli|2 =1 2-norm _ https://www.scottaaronson.com/democritus/lec9.html
i Quantum mechanical

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

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

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 Theory :
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