📍 Station 1: Material Matters
NGSS: HS-PS1-2 – Matter and Its Interactions
Goal:
Test how different parts of a ukulele react to heat. You’ll measure, warm it up, and see how the material changes. This helps engineers pick the right materials for musical instruments!
🛠️ Materials:
· Ukulele body (wood, plastic, or composite options if available)
· Tuning forks or metal spoons (for comparison)
· Infrared thermometer or hand thermometer
· Heat source (lamp or sunlit window)
· Ruler or caliper
Student Directions:
STEP 1: Examine the ukulele.
· Use a ruler or caliper to measure the length of the neck and one string (pick a specific string and mark where you start and end your measurement).
· Write down your measurements in the chart below.
STEP 2: Record the starting temperature (optional):
· Use a hand thermometer or infrared thermometer to take the temperature of the neck or string if available.
STEP 3: Gently warm the ukulele.
· Place it under a lamp or in sunlight for about 5 minutes.
· Don’t place it too close—just enough to warm it safely.
· Do not touch any hot metal directly.
STEP 4: After 5 minutes, re-measure the neck and string.
· Use the same measurement points.
· Record the new lengths and any changes.
STEP 5: Compare materials using a tuning fork or metal spoon:
· Lightly strike it and observe how metal behaves under similar conditions.
· Think about how this compares to the wood or plastic used in the ukulele.
Thermal Expansion Data Table:
	Part Measured
	Length Before Heating (cm)
	Length After Heating (cm)
	Change in Length (cm)

	Neck
	
	
	

	String
	
	
	











💬 Analyze & Reflect:
1. What does the change in length tell you about how the material responds to heat?
→ ___________________________________________________________
2. Why might thermal expansion matter for musical instruments?
→ ___________________________________________________________
3. If a ukulele string stretches in heat, what might happen to the sound or pitch?
→ ___________________________________________________________
4. Which materials (wood, metal, plastic) expanded the most? Why do you think that is?
→ ___________________________________________________________








📍 Station 1: Material Matters
NGSS: HS-PS1-2 – Construct and revise an explanation for the outcome of a simple chemical reaction based on the outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns of chemical properties.
(Note: This activity is aligned more with the physical behavior of materials, so HS-PS1.A (Structure and Properties of Matter) and ETS1.A–C also apply.)

✅ ITEEA STEL Standards (Standards for Technological and Engineering Literacy)
STEL 1G – Apply the principles of energy and matter, motion and stability, and forces and interactions in the development of technological systems.
→ Students explore how thermal energy affects the physical dimensions of ukulele materials.
STEL 2J – Properties of materials determine their use.
→ Students compare materials like wood, plastic, and metal based on how they expand with heat.
STEL 3E – Analyze how materials and design influence function and performance.
→ Learners connect material behavior under heat to how instruments maintain pitch and durability.
STEL 8G – Test and evaluate design solutions using criteria and constraints.
→ Students assess thermal performance of materials to inform real-world design decisions.
STEL 10F – Use measuring instruments to collect data.
→ Students use thermometers, rulers, and calipers to gather accurate data on material expansion.

✅ Common Core Math Standards – High School
CCSS.MATH.CONTENT.HSN.Q.A.1 – Use units to understand problems and guide the solution of multi-step problems.
→ Students measure length changes precisely and interpret physical changes numerically.
CCSS.MATH.CONTENT.HSN.Q.A.3 – Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
→ Encourages precision with rulers, calipers, and thermometers in experimental settings.
CCSS.MATH.PRACTICE.MP2 – Reason abstractly and quantitatively.
→ Students interpret numerical differences in measurements and relate them to material properties.
CCSS.MATH.PRACTICE.MP4 – Model with mathematics.
→ Students compare before-and-after measurements and analyze patterns of expansion.
CCSS.MATH.PRACTICE.MP5 – Use appropriate tools strategically.
→ Strategic use of heat, measurement tools, and materials supports data-driven engineering insights.

✅ Summary
This engineering-meets-physics activity challenges students to explore thermal expansion in musical instruments. Through hands-on testing, measurement, and comparison of different materials, students apply physical science, design principles, and quantitative reasoning. The standards support both NGSS engineering practices and real-world material science applications.

