QuCamp: Foundations of
Quantum Science

Parent Preview & Program Overview

Haytham Institute Summer Program

Program Duration: 3 weeks (virtual format)

Target Audience: Ages 10-15 (middle school students)

Meeting Schedule: 5 sessions per week, 120 minutes each (2 hours)
Prerequisite: Pre-algebra, and ideally Algebra 1

Program Overview

QuCamp: Foundations of Quantum Science is an exciting virtual summer adventure designed
for curious young minds! Students will explore the fascinating world of quantum physics
through interactive games, simulations, hands-on experiments, and fun challenges. They'll
discover mind-bending concepts like superposition (being in two places at once!),
entanglement (particles mysteriously connected across space), and how quantum computers
work.

This program emphasizes engagement and discovery over lectures and heavy reading, making
quantum science accessible and exciting for ages 10-15.

What Students Will Learn

By the end of QuCamp, students will be able to:

e Understand fundamental quantum concepts including superposition, entanglement,
wave-particle duality, and quantum measurement

e Explain how quantum computers differ from classical computers
e Use interactive simulations to explore quantum phenomena
e Build quantum circuits using IBM's real quantum computer interface

e Connect quantum principles to real-world applications in computing, cryptography,
and technology

e Share mind-blowing quantum facts with confidence!



Weekly Themes

Week 1: Welcome to the Weird Quantum World!

Central Questions: What makes the quantum world so strange? Can light be both a wave
and a particle?

Key Topics:

e Introduction to quantum physics and its real-world applications
e Wave-particle duality and the famous double-slit experiment

e Energy quantization and photons

e Quantum probability and randomness

e Quantum tunneling (particles passing through barriers!)

Activity Highlights:

e Create thaumatropes (spinning discs) to visualize superposition

e Explore interactive double-slit experiment simulations

e Investigate the photoelectric effect with virtual labs

e Compare quantum randomness to classical probability

e Discover how quantum tunneling powers technologies like USB drives

Take-Home Engagement:
Students complete hands-on challenges like building physical models, conducting virtual
experiments, and creating visual representations of quantum concepts.

Week 2: Superposition, Entanglement, and
Quantum Weirdness!

Central Questions: What if particles could be in multiple places simultaneously? Can two
particles stay connected across the universe?

Key Topics:

e Wave functions and probability clouds
e Superposition (the quantum "superpower")
e The measurement problem and observer effect
e Quantum entanglement and "spooky action at a distance"
e Quantum spin and angular momentum
Activity Highlights:

e Play quantum-themed games including Quantum Minecraft (qCraft mod), quantum
measurement puzzles, and entanglement challenges



Use virtual labs to create and measure entangled photon pairs
Participate in team competitions exploring quantum correlations
Design creative projects visualizing quantum concepts

Solve quantum escape room puzzles integrating all Week 2 concepts

Take-Home Engagement:
Students create "trading cards" for different quantum concepts, teach family members about
quantum phenomena, and design their own quantum scenarios.

Week 3: Build Your Own Quantum Computer!

Central Questions: How do quantum computers work? What can they do that regular
computers can't?

Key Topics:

Classical bits vs. quantum bits (qubits)

The Bloch sphere (3D visualization of qubit states)
Quantum gates and circuit building

Creating entanglement with multi-qubit operations

Introduction to quantum algorithms (Deutsch's algorithm, Grover's search, Shor's
factoring)

Activity Highlights:

Create free IBM Quantum accounts and build real quantum circuits
Navigate 3D Bloch sphere simulations to understand qubit states
Complete circuit-building challenges with increasing complexity
Generate Bell states (maximally entangled qubits)

Implement simple quantum algorithms and compare speedups to classical
approaches

Present final projects showcasing quantum knowledge

Take-Home Engagement:
Students design quantum circuits, create teaching materials, and complete a culminating
project demonstrating their quantum computing skills.



Teaching Approach

QuCamp is built on the principle that quantum physics should be fun, interactive, and
accessible. Our approach includes:

Hands-On Learning:

e Interactive simulations from leading institutions (IBM Quantum, PhET, Perimeter
Institute)

e Engaging games specifically designed to teach quantum concepts
e Virtual labs where students conduct experiments and collect data
e Creative projects combining science with art and storytelling

Age-Appropriate Engagement:

e Minimal lectures; maximum activity time

e Concepts explained through analogies, animations, and demonstrations
e Group challenges and competitions to maintain excitement

e Regular breaks and varied activities within each 2-hour session

Progressive Complexity:

e Week 1: Build foundational understanding of quantum weirdness
e Week 2: Explore deeper quantum phenomena through play

e Week 3: Apply knowledge by programming quantum computers

Assessment & Completion

This is an enrichment program focused on exploration and curiosity rather than traditional
grading. Success is measured through:

e Active participation during class activities (30%)

e Take-home challenges completed between sessions (35%)

e Weekly reflection activities showing conceptual understanding (15%)
e Final project demonstrating quantum knowledge creatively (20%)

Completion Requirements:

e Attend at least 13 of 15 sessions, barring extenuating circumstances
e Complete at least 12 of 15 take-home challenges

e Submit all 3 weekly reflections

e Complete and share final project

Final Project Options: Students choose from creating a quantum circuit portfolio, making
a quantum comic book, teaching a concept to someone else, designing a quantum game, or
researching future quantum technologies.



Required Materials

Computer with internet connection (tablet acceptable for some activities)
Web browser (Chrome, Firefox, Safari, or Edge)

Free IBM Quantum account (set up during class in Week 3)

Video conferencing access (Zoom or equivalent)

Basic craft supplies: paper, colored pencils/markers, scissors, glue, cardstock

Notebook or digital document for notes (optional but recommended)

All simulation platforms and educational resources are provided free of charge.

Primary Learning Platforms

Students will use professionally-developed, research-validated educational tools:

IBM Quantum Composer - Build and run circuits on real quantum computers

PhET Interactive Simulations - University of Colorado's award-winning physics
simulations

Quantum Flytrap Virtual Lab - Explore quantum optics experiments

Perimeter Institute Simulations - Resources from Canada's leading physics
research center

EPiQC Educational Activities - NSF-funded quantum computing curriculum

Quantum Games - Including Quantum Minecraft (qCraft), quantum measurement
puzzles, and entanglement challenges

Beyond QuCamp

Students will leave with resources to continue their quantum journey:

Continuing Exploration:

Continued access to IBM Quantum platform for building circuits
Recommended YouTube channels for age-appropriate quantum content

Free quantum games and apps for independent learning

Future Pathways:

Understanding of cutting-edge scientific research
Foundation for advanced physics and computer science studies
Awareness of emerging career opportunities in quantum technology

Confidence discussing complex scientific concepts



Program Philosophy

Quantum physics is weird and wonderful, and learning it should be FUN!

Ages 10-15 is the perfect time to explore quantum concepts because:

Students aren't afraid to ask "weird" questions—and quantum physics IS weird!
Hands-on exploration beats lectures at this age

Games and activities make abstract concepts tangible

Curiosity and imagination matter more than advanced mathematics

Building intuition now creates foundation for future STEM success

Questions?

We welcome questions about the program! Please contact:

Email: info@haythaminstitute.com
Phone: +1 425-445-7108
Website: www.haythaminstitute.com



