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Classical bit: fundamental unit of classical 
information, having a value of either 0 or 1.

Quantum bit: the basic unit of quantum 
information, capable of existing in 
superposition. 

Countless possibilities
for qubit state!!

(1)(0) or

State CW % CCW%
1 100 0
2 0 100
3 40 60

Electric current
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Quantum computation (superposition)
Probability interpretation

60 %40 %

State of the qubit (superposition)

CW: 0 → 10 ≡ |0⟩
CCW: 1 → 01 ≡ |1⟩ Ket

notation

|Ψ⟩ ൌ 0.4|0⟩ ൅ 0.6|1⟩

Four qubit
(16 d vector)

|0000⟩ ൌ

1000000000000000



Entangled coins: two coins, 
held by individuals on Earth 
and the Moon, are connected 
in such a way that observing 
one coin instantly determines 
the state of the other.
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Quantum computation (entanglement)
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Possible outcome

Constructive interferenceDestructive interference

How does it work?

Interference

To diminish the 
probability of 
obtaining the 
incorrect answers

To amplify the 
probability of 
obtaining the 
correct answer

Quantum computation (interference)



Quantum computation power
How hard is prime factorization and why it is important?     

7212277 5040533 36353720223641
Easy computation (multiplication) used for encryption

Difficult computation (factoring) is needed for decryption

RSA decryption:
Hardness of factoring a very 

large number (600-digit)

Quantum computer can break RSA 
exponentially faster than classical 

computers (Shor algorithm)

Theory: approximately 4000 qubits to 
factorize this number

In practice: 4,000,000 qubits due to error 
correction



Quantum computing for seismic modeling

𝜅: condition number of matrix 𝐴

A𝑁ଷ ൈ 𝑁ଷ P    =     S

Quantum ClassicalO 𝜅 log𝑁 O 𝜅𝑁ଷ
Complexity

Harrow, Hassidim, Lloyd, 2009. PRL.

Quantum linear system solver for seismic wave modeling

𝜅 ൌ 𝑁ଶ

Complexity
S. Moradi et al, CJEG, 2019

Quantum ClassicalO 𝑁ଶlog𝑁 O 𝑁ହ

െ∇ଶ െ னమୡమ 𝐱 p 𝐱,ω = s 𝐱,ωDiscretization

3D wave equation



https://www.resourceworks.com/

Quantum computing for energy

Quantum algorithm for 
battery simulation

Quantum algorithms for carbon 
capture strategies



Quantum computing for chemistry
Hydrogen atom (one electron)

𝐸ଵ ൌ െ13.6 eVGround 
state 

𝐸ଶ ൌ െ3.4 eV1st

𝐸ଷ ൌ െ1.51 eV2nd

𝐸ସ ൌ െ0.85 eV3rd

Energy level

Ex
cit

ed
 st
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Number of 
electrons 

Number of 
orbitals

Number of 
configurations

Chromium 
molecule𝐶ଷ଴ସ଼ ൎ 10ଽ

Atomic orbitals of the electron 
in a hydrogen atom at different 
energy levels (https://en.wikipedia.org/)



Variational Quantum Eigensolver (VQE)

Hamiltonian encoding

Writing Hamiltonian (𝐻) 
in terms of Pauli 
operators 

𝑋 ⊗ Y ⊗ Z ⊗𝑍𝑍⊗ Y ⊗ X ⊗𝑍𝑌⊗ Z ⊗ Z ⊗𝑋
𝑋 ൌ 0 11 0 ,  𝑌 ൌ 0 െ𝑖𝑖 0 , 𝑍 ൌ 1 00 െ1

Ansatz and state preparation

|𝜓 𝜃଴,𝜃ଵ, 𝜃ଶ,𝜃ଷ,𝜃ସ, 𝜃ହ  ⟩
Measurement𝐸 𝜃଴,𝜃ଵ, 𝜃ଶ,𝜃ଷ,𝜃ସ, 𝜃ହൌ 𝜓 𝜃 𝐻 𝜓 𝜃

Quantum computer

Classical computer

Updated parameters

Optimization

Quantum computing for chemistry



The ground state energy of the hydrogen molecule Hଶ

𝐻 ൌ െ 0.24274501260981118 𝐼 ⊗ 𝐼 ⊗ 𝑍⊗ 𝐼 െ 0.24274501260981118 𝐼 ⊗ 𝐼 ⊗ 𝐼 ⊗ 𝑍 ൅⋯൅  ሺ0.044750084063064466ሻ 𝑋 ⊗ 𝑌⊗ 𝑌⊗𝑋

|𝜓 𝜃 ⟩ ൌ cos 𝜃 |1100⟩െ sinሺ𝜃ሻ |0011⟩

Quantum circuit Optimization 𝐸 𝜃 ൌ 𝜓 𝜃 𝐻 𝜓 𝜃
Quantum computing for chemistry

https://pennylane.ai

Hamiltonian for molecule 𝑯𝟐
|𝜓ሺ0.208ሻ⟩ ൌ 0.994|1100⟩ െ 0.104|0011⟩



Conclusions: quantum landscape

• Seismic modeling and inversion:
Algorithm: significant speed-up not attainable with classical computers.
Implementation: requires a fault-tolerant quantum computer (>10 yrs.)

• Quantum chemistry, battery design, and CCUS:
Algorithm: exploring hybrid solvers, such as VQE.
Implementation: on noisy quantum devices with a few thousand qubits (< 5 yrs.)

• Quantum computation in Canada: National Quantum Strategy:
• $139 billion industry
• 200,000 jobs
• $42 billion in returns by 2045.

• Quantum computation in Calgary:
• Transformation of Calgary into a quantum city.
• Leadership of University of Calgary's in advancing quantum science and 

technology.



Launch year
2024 20-25

Person cohorts for small-
group experience
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Options – Certificate, 
Diploma, or Master’s

Instructors are global 
leaders in their fields

Part of Alberta’s nation-
leading quantum ecosystem

Internship options 
for every student

Professional Masters in Quantum Computing





Professional Masters in Quantum Computing

(Essentials of Quantum 
Computing; Quantum 
Software I; Application of 
Quantum Computing; 
Business of Quantum 
Computing)

(Quantum Software II; 
Quantum Hardware; 
Practical Quantum 
Computing; Business of 
Quantum Computing II)

Current Issues in Quantum 
Computing + Professional 
Internship or Research 
InternshipCertificate in 

Quantum Computing

Graduate Diploma in 
Quantum Computing

Master of
Quantum Computing


