PHY090 / CSE090 Big Questions Seminar
How Might Quantum Computing Change the World?
Lehigh University, Fall 2025

Instructor: Ariel Sommer
ats317@lehigh.edu, Lewis Lab 409 (office)
Office hours: Wed, 3:00-4:00 pm

Class: Tues/Thurs 3:00 — 4:15 pm

Room: Lewis 512

Course Description

In the past few years, quantum computing has advanced rapidly, with quantum computers
beginning to perform tasks that lie beyond the reach of classical supercomputers. Future
applications of quantum computing cover a wide range of areas, including molecular simulation,
financial modeling, and breaking cryptographic codes. How might quantum computing impact
science, business, and international relations in the next few decades? In this seminar, students
will study the basics of quantum information and computation, run quantum algorithms on
quantum computers, and investigate the applications and potential impacts of quantum
computing. No prior knowledge of quantum mechanics is required.

Main textbook:
Sutor, Robert. Dancing with Qubits. Packt, 2019 (available through bookstore)
e Digital version available through the Lehigh library:
https://go.oreilly.com/lehigh-university/library/view/-/9781838827366/?ar

Additional references

e IBM Quantum Learning: https://quantum.cloud.ibm.com/learning/en

e Rudolph, Terry. Q is for Quantum: https://www.qisforquantum.org/

e OpenStax University Physics Volume 3:
https://openstax.org/details/books/university-physics-volume-3
Feynman Lectures Vol 3, Ch 1: https://www.feynmanlectures.caltech.edu/lll_toc.html
Hawking, Steven, A Brief History of Time, Ch 4: The Uncertainty Principle
Selected readings from others sources

Reading Assignments
Students will read assigned materials and prepare for class discussions by submitting a short
written response to each reading through Coursesite.

Guest Speakers

The course will have several guest speakers. Students will submit written responses to each
guest presentation through Coursesite, answering questions and sharing their thoughts about
the guest presentation.

Quantitative Assignments
Students will solve quantitative problems to practice using the mathematical formalism of
quantum information. Quantitative assignments will be given as in-class exercises.


https://go.oreilly.com/lehigh-university/library/view/-/9781838827366/?ar
https://quantum.cloud.ibm.com/learning/en
https://www.qisforquantum.org/
https://openstax.org/details/books/university-physics-volume-3
https://www.feynmanlectures.caltech.edu/III_toc.html

Research papers and group presentations

Students will write short research papers and give group presentations in which they present the
results of their investigations into a topic. Possible topics include: an application of quantum
computing, a profile of a quantum computing company, or a challenging concept in quantum
information science.

Tentative Course Outline
1. Overview: What is this class about?
a. Quantum computing: uses novel aspects of physics to solve certain problems
faster
b. New kind of hardware: harnesses novel physics but very sensitive to “noise”
c. Lots of recent progress and private sector investment
d. Other quantum technologies
i Sensing: atomic clocks, accelerometers, field sensors, LIGO
i.  Communication: Quantum key distribution
iii.  These things already work, some extremely well
2. What is Quantum Physics?
a. Two-slit experiment with electrons and single photons
i.  Superposition and interference
ii.  Which-path decoherence
b. Quantum states
i. particle/wave in a box
i. Spin
iii.  Atomic energy levels
v.  Atrtificial quantum systems: superconducting circuits
v.  These can all be put in superpositions
c. Dirac notation
i. Kets for states
ii. Superpositions
iii. Probabilities
iv.  Linear operators
3. What is Quantum Information?
a. Classical information: bits
i. Gates: AND, CNOT, etc
b. Quantum information: one qubit
i.  One qubitin Dirac notation
ii.  Single qubit gates (X,Y,Z, H, etc)
iii. Measurement
iv.  Meaning of superposition: interference
c. Many qubits
i.  Superposition principle applied to a register of bits
ii. Paradigm: state preparation, gates, measurement
iii.  Exponential growth of information
iv.  Multi-qubit gates, CNOT



d. Circuits
i.  Circuit diagrams
ii.  Circuit depth
4. Using IBM Quantum Platform
a. Make an account, start an instance
b. How to draw basic circuits in Composer
c. How to run a simulation or real computation, view results
d. Create and run example circuits, predict results, check
5. Cryptography
a. RSA Encryption, public-key cryptography
b. Shor’s algorithm
i. 4099 qubits
c. Quantum-safe classical algorithms
d. Quantum communication
i.  No-cloning theorem
i. QKD
6. Quantum computers
a. Hardware platforms
b. Architecture, software
7. Quantum Industry
a. Starting a business
b. Landscape of companies
8. More Applications

a. Chemistry
b. Medicine
c. Finance

d. Optimization

Learning Goals
After taking this course, students will be able to:
e Explain basic concepts of quantum computing, such as how quantum computing differs
from classical computing
e Describe current and future applications of quantum information and quantum
computation
Carry out basic quantum calculations using Dirac notation
Pose and investigate questions about an emerging technology
Give slide presentations about a scientific or technical subject for a broad audience

Accommodations for Students with Disabilities: Lehigh University is committed to
maintaining an equitable and inclusive community and welcomes students with disabilities into
all of the University’s educational programs. In order to receive consideration for reasonable
accommodations, a student with a disability must contact Disability Support Services (DSS),
provide documentation, and participate in an interactive review process. If the documentation
supports a request for reasonable accommodations, DSS will provide students with a Letter of
Accommodations. Students who are approved for accommodations at Lehigh should share this



letter and discuss their accommodations and learning needs with instructors as early in the
semester as possible. For more information or to request services, please contact Disability
Support Services in person in Williams Hall, Suite 301, via phone at 610-758-4152, via email at
indss@lehigh.edu, or online at https://studentaffairs.lehigh.edu/disabilities.

The Principles of Our Equitable Community: Lehigh University endorses The Principles of
Our Equitable Community [https://www2.lehigh.edu/diversity-inclusion-equity/principles-equitable-community].
We expect each member of this class to acknowledge and practice these Principles. Respect for
each other and for differing viewpoints is a vital component of the learning environment inside
and outside the classroom.

Lehigh University Policy on Harassment and Non-Discrimination

Lehigh University upholds the Principles of Our Equitable Community and is committed to an
educational, working, co-curricular, social, and living environment for faculty, staff, and students.
The University does not discriminate in its admissions practices, employment practices, or
educational programs or activities on the basis of age, color, disability, ethnicity, familial status,
gender expression, gender identity, genetic information, marital status, national origin (including
shared ancestry), pregnancy or related conditions, race, religion, sex, sexual orientation, and
veteran or military status. Harassment or discrimination is unacceptable behavior and will not be
tolerated. The University strongly encourages (and, depending upon the circumstances, may
require) students, faculty, or staff who experience or witness harassment or discrimination, or
have information about harassment or discrimination in University programs or activities, to
immediately report such conduct.

If you have questions about Lehigh’s Policy on Harassment and Non-Discrimination or need to
report harassment or discrimination, contact the Equal Opportunity Compliance Coordinator
(Alumni Memorial Building / 610 758 3535 / eocc@lehigh.edu)

Academic Integrity

All members of the Lehigh community have a responsibility to maintain academic integrity.
Resources and details of expectations at Lehigh are available on the Provost’s website. It is
expected that all students will abide by these standards throughout the course (e.g., homework,
quizzes, papers, exams, projects, etc.). Academic integrity case studies will be discussed on the
first day of class, and students are encouraged to ask questions for further clarity throughout the
semester. Violations of academic integrity standards will not be tolerated and will be handled
according to the guidelines in the University’s Student Conduct System.


https://studentaffairs.lehigh.edu/disabilities
https://www2.lehigh.edu/diversity-inclusion-equity/principles-equitable-community
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