QIS 1110 Quantum Information Science: The Second Quantum Revolution
Department: Biological and Physical Sciences

CREDITS: 4 CLASS HOURS PER WEEK: 4 Lecture

PREREQUISITES: Placement into Composition I (ENGL 1100) or higher. MATH 1025 or higher, or qualifying math placement score.

COREQUISITES: None

DESCRIPTION OF COURSE (AS IT APPEARS IN THE COLLEGE CATALOG): This course
will introduce students to the world of Quantum Information Science (QIS), including the exploration of basic quantum phenomena critical for QIS, QIS applications such as communications, quantum computers, and sensing, current and future potential impacts of QIS on Society including business, economics, technology, and social impacts, and communities and career paths in QIS. The course is based on an inclusive perspective, welcoming students from all interests and backgrounds, including students majoring in the Arts, Humanities, Business, and STEM.

TEXTBOOK, MANUALS, REFERENCES, AND OTHER READINGS: Introduction to
Classical and Quantum Computing, Wong. ISBN:979-8-9855931-0-5(Paperback)
GENERAL INSTRUCTIONAL METHODS: Lecture, Group Activities, Discussion, Assigned Readings, Computer programming project.

STANDARDS AND METHODS FOR EVALUATION:

	3 Exams
	100 points each
	300 points

	12 Quizzes
	10 points each
	120 points

	Final Project
	50 points
	50 points

	15 Activity/Lab Sheets
	10 points each
	150 points

	15 Homework
	4 points each
	60 points

	
	Total:
	680 points
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GRADING SCALE:
	90%-100%
	A

	80-89%
	B

	70-79%
	C

	60-69%
	D

	0-59%
	E



Descriptions of Course Assessments:
1. Activity/Lab Sheets: Each week, there will be an activity sheet. Sometimes this will accompany an experiment; other times it will be used to develop math skills, or to analyze literature. The activity sheet will be filled out in class as a group.
2. Homework: Each week, there will be a homework assignment. This will include readings, writing assignments, reflections, and written problems that will require written explanations and arguments and the use and interpretation of data, diagrams, graphs, and basic algebraic calculations.
3. Final Project: Students will complete a multimedia project. Students may choose any format in which to present their project, including video, dance, music, PowerPoint presentations, creative writing, essay, and many others. A detailed grading rubric will be provided, but the main goal of the project will be to convey an aspect of quantum mechanics or quantum information to the general public. The project will be graded on the clarity and correctness of the message, among other criteria.
4. Quizzes: At the end of each week there will be a quiz over assigned reading and classroom activities. These will typically consist of a combination of problems, and written essays on topics such as societal impacts, technologies, or the importance of certain experiments/findings.


Learning Outcomes:

Students will develop a broad understanding, appreciation, and literacy of basic concepts and phenomena in QIS such as:
A. Superposition
B. Qubit
C. Entanglement (and No Cloning Theorem)
D. Quantum Teleportation
E. Classical/Quantum differences


Students will recognize, understand, and predict improvements of the technology available to implement the applications of QIS concepts and phenomena. Students will be able to describe existing technology and relate it back to the foundational concepts of quantum physics. Examples of such technology may include:
A. Sensors
B. Quantum Computers
C. Secure Communication/cryptography
D. Quantum Networks (distributed entanglement)
E. Possible future devices and applications


Students will identify societal impacts of QIS and discuss how QIS integrates into non-traditional STEM fields. These areas of integration may include:
A. Political, military, economic power, quantum supremacy
B. Business and Economy: new technology, methods
C. Applications: Communications, Banking, Disintermediation
D. New ways of thinking about reality, social purpose
E. New solutions to critical problems
F. Dangers of creating more concentrated wealth and poverty
G. Oversight, Regulation, and Law

Students will identify and discuss potential QIS Careers. Discussions will include integration of QIS into the field, potential advances in the field due to QIS, and potential future career options. These career options will include traditional research as well as non-STEM applications as listed below.
A. Private sector technician, engineer, or researcher
B. University or National Lab technician, engineer, or researcher
C. Business, finance
D. Product development
E. Communications


GENERAL EDUCATION GOALS:

1. Critical Thinking
2. Effective Communication
3. Quantitative Literacy
4. Scientific and Technological Effectiveness


· Students develop critical thinking ability and gain an understanding of the foundations of Quantum Information Systems that will allow them to successfully proceed into more advanced science and technology courses.
· Students understand the basic facts, principles, theories and methods of modern science.
· Students understand key events in the development of science and recognize that science is an evolving body of knowledge.
· Students describe the inter-dependence of scientific and technological developments.
· Students recognize social and philosophical implications of scientific discoveries and understand the potential of science and technology to address problems of the contemporary world.
· Students are exposed to proper communication methods used in scientific disciplines and encourage the use of accurate terminology when discussing quantum information systems.
· To help students see the connection between quantum principles and their application in other disciplines such as business, finance, engineering, cybersecurity, music and arts.



College Policies
· Columbus State Community College has posted Standard Syllabus Statements on the Student Code of Conduct, Disability Services, Audio and Video Recording of Class, and Title IX policies here: https://www.cscc.edu/academics/syllabus.shtml


Course Schedule:

	Week
	Points
	Topics, Readings, Assignments, Due Dates

	1
	15
	Potential societal impacts 1 (defense, security), Act, HW, Quiz, Class. Part.

	2
	15
	Quantum mechanics and quantum states, Act, HW, Quiz, Class. Part.

	3
	15
	Qubits and superposition, Act, HW, Quiz, Class. Part.

	4
	15
	Entanglement, Act, HW, Quiz, Class. Part.

	5
	15
	Quantum teleportation, Act, HW, Quiz, Class. Part.

	6
	15
	Classical/quantum differences, Act, HW, Quiz, Class. Part.

	7
	15
	Quantum sensors, Act, HW, Quiz, Class. Part.

	8
	15
	Quantum computers, Act, HW, Quiz, Class. Part.

	
9
	
55
	Secure communication/cryptography, Act, HW, Quiz, Class. Part., Mid-Semester Project due

	10
	15
	Quantum networks (distributed entanglement), Act, HW, Quiz, Class. Part.

	
11
	
15
	Potential societal impacts 2 (business, economics), Act, HW, Quiz, Class. Part.

	
12
	
15
	Potential societal impacts 3 (new solutions, access disparities, regulation), Act, HW, Quiz, Class. Part.

	13
	14
	Careers 1 (research), Act, HW, Quiz, Class. Part.

	14
	14
	Careers 2 (business and finance), Act, HW, Quiz, Class. Part.

	15
	74
	Careers 3 (communication), Act, HW, Quiz, Class. Part., Final Project due




UNITS OF INSTRUCTION

Week 1: Societal Impacts of QIS on National Defense and Security Learning Goals
· Discuss the implications of quantum supremacy related to political, economic and military power.
· Articulate the relationship between technology and society.
· Describe the typical steps and players that transform technological innovation into revolution.
· Relate the funding of new technologies to funding welfare-improving public goals.
· Explore new ways of thinking about social purpose.
· Articulate the dangers of creating more concentrated wealth and poverty with respect to technological innovation.
Assessments: Activity, HW, Quiz, Class Participation


Week 2: Quantum Mechanics and Quantum States Learning Goals
· Express a quantum state in terms of probabilities.
· Define a quantum state, operationally, as the possible measurement outcomes of a system, and the outcomes are probabilistic.
· Express a quantum state using algebraic terms, and vector notation.
· Compare and contrast classical versus quantum models: big vs. small size, continuous vs. discrete, and particle vs. wave duality.
Assessments: Activity, HW, Quiz, Class Participation


Weeks 3 and 4: Qubits and Superposition Learning Goals
· Describe superposition as a quantum phenomena, and in terms as a possible quantum state.


· Predict the probabilistic measurement outcome of a given quantum state, and that each of the two possible outcomes are “orthogonal.”
· Demonstrate how the basis states in different measurement bases are never “orthogonal”.
· Exemplify the two possible outcomes of measurement for a qubit in a state of superposition.
· Describe the state of a quantum particle in terms of probabilities.
· Describe a quantum superposition state as a sum of two possible outcomes, where the coefficients are related to the probabilities of observing each possible measurement outcome.
· Determine the probabilities of possible outcomes of the measurement of the system using simple representations and simple mathematics.
· Explain how the measurement of a qubit collapses its superposition along the measurement basis.
· Interpret the description of a quantum state using Dirac notation.
· Review the different measurement bases of a qubit.
· Manipulate a simulation or a physical set-up of a single qubit system, record the outcomes of measurements, and use the data to represent the outcomes, and make inferences about the state of the system.
Assessments: Activity, HW, Quiz, Class Participation


Week 5: Quantum Entanglement Learning Goals
· Describe how to manipulate a single qubit and two entangled qubits for several physical systems, including state preparation, initialization, and readout, and describe why each step is needed.
· Qualitatively predict and explain outcomes of measurements of an entangled qubit system, including the probability of zero, one, or when the probability of outcome 1 is greater, less or equal to outcome 2.
· Manipulate a simulation or a physical set-up of an entangled two-state system, record the outcomes of measurements, and use the data to represent the outcomes, and make inferences about the state of the system.


Assessments: Activity, HW, Quiz, Class Participation



Week 6 : Quantum Teleportation Learning Goals
· Describe how quantum teleportation relies upon the use of an entangled state of qubits.
· Describe how a set of two entangled qubits, at two different locations, can be used to communicate information about the exact state of another qubit from one location to another via the process of quantum teleportation.
· Demonstrate how the state of the original qubit is destroyed during the process of quantum teleportation.
· Construct, interpret, and present a model or creative work representing quantum teleportation.
Assessments: Activity, HW, Quiz, Class Participation


Week 7: Classical and Quantum Differences Learning Goals
· Compare and contrast classical and quantum models
· Compare and contrast simple models, analogies, and representations of classical two-state system vs. quantum (qubit) two-state systems and provide examples of both.
· Exemplify the difference between a simulation and an algorithm.
· Provide, describe and evaluate simple examples of non-computational and computational algorithms.
· Compare and contrast classical algorithms versus quantum algorithms.
· Compare and contrast classical computing gates versus quantum gates.
· Recall the utility of quantum gates, specifically Hadamard gate, phase gates, and the CNOT gate.
· Determine which quantum gates have a classical logic-gate equivalent and which do not.
Assessments: Activity, HW, Quiz, Class Participation


Week 8: Quantum Sensors Learning Goals
· Describe the fundamental properties of atoms to create a quantum sensor.
· List examples of quantum sensors in biological systems and GPS applications.
· Discuss the enhanced precision of quantum sensors compared with classical devices.
· Predict and present potential future uses of quantum sensors in the fields of nanotechnology, geological exploration, and agriculture.
Assessments: Activity, HW, Quiz, Class Participation, Group project


Week 9: Quantum Algorithms and Quantum Computers Learning Goals
· Define and provide examples of the concept of complexity in computation.
· Demonstrate how noise is problematic in quantum computers.
· Compare the advantages of quantum versus classical computers for specific applications: sorting a list, many-body simulation, logistics problems, financial modeling and optimization.
· Explain why some functionality of quantum computation devices requires the use of quantum entanglement, while others are efficiently achieved using classical devices.
· Describe a quantum gate as a physical process, operating on one or two qubits.
· Exemplify how a series of quantum gates is used to build a quantum circuit.
· Manipulate a simulation of a quantum circuit by adding or removing gates from a quantum circuit and observing the measurement outcome.
Assessments: Activity, HW, Quiz, Class Participation, Group project


Week 10: Secure Communication and Cryptography Learning Goals
· Recall and describe how quantum teleportation relies on quantum entanglement to communicate information.
· Describe how to manipulate a single qubit and two entangled qubits for several physical systems, including state preparation, initialization, and readout, and describe why each step is needed.
· Discuss and appreciate how QKD or QC can detect the presence of an eavesdropper, a feature not provided in standard cryptography.
Assessments: Activity, HW, Quiz, Class Participation


Week 11: Potential Societal Impacts on Business and Economics Learning Goals
· Describe and discuss the impact that past major technological advances had on economic growth.
· Discuss the ways in which governments and the public sector are important to promote and regulate the inequalities in wealth distributions.
· Discuss the ways in which governments and the public sector fund new technologies that will be critical for the welfare-improving public goals (such as network security, private communication, healthcare).
· Debate the potential for private companies to exploit advantages from being leaders in the “quantum race” to set up new monopolies and decrease competition.
Assessments: HW, Quiz, Class Participation, Group Presentation


Week 12: Potential Societal Impacts: New Solutions, Access Disparities and Regulation Learning Goals
· Compare and contrast quantum technologies to previous major technological advances.
· Discuss the ways in which governments and the public sector are important to promote and regulate the inequalities in healthcare distributions.
· Discuss how the private sector, individual entrepreneurs and competition play critical roles in technological advances.
· Present the ways in which government and the public sector are important to promote and regulate the use of quantum technologies.
· Describe and discuss the impact of past technological advances on wealth inequality and labor dislocations
· Discuss ways in which the government and the public sector are important in promoting and regulating the use of quantum technologies.
Assessments: HW, Quiz, Class Participation, Presentation


Week 13: QIS Careers in Research Learning Goals
· Identify a variety of potential careers in QIS or related fields.
· Locate existing resources that will serve to aid in career searches.
· Discuss benefits of career options in the QIS field.
· Identify mentors in the field.
· Describe and evaluate current practical applications of QIS.
· Propose and evaluate potential new applications for quantum sensors, quantum computers, quantum-secure communications, and quantum networks.
Assessments: HW, Quiz, Class Participation, Presentation


Week 14: QIS Careers in Business and Finance Learning Goals
· Describe how QIS integrates into career fields strongly influenced by QIS.
· Articulate the relationship between technology and society.
· Discuss specific examples of QIS influences on business and finances systems.
Assessments: HW, Quiz, Class Participation, Group Presentation


Week 15: Careers in Communication Learning Goals
· Articulate the relationship between technology and society.
· Identify career fields that employ data-protection via the use of QIS communications.
· Discuss the societal benefits of enhanced secure communications materials within areas such as internet capacity and security.
Assessments: HW, Quiz, Class Participation, Group Presentation
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