📍 Station 2: Newton Rocks the Ukulele
NGSS: HS-PS2-4 – Forces and Motion
Goal : 
You will explore how force and mass affect string tension and motion, using Newton’s 2nd Law to investigate how added weight changes the ukulele string’s displacement and influences its vibration.
🛠️ Materials:
· Ukulele
· Spring scale
· Mass set or water bottles (as hanging weights)
· Ruler or force gauge
Student Directions:
STEP 1: Set up your testing string:
· Gently lift or isolate one string of the ukulele.
· Use a paperclip or hook to carefully attach a mass (like a small water bottle or weight) to the string.
STEP 2: Measure the force:
· Use the spring scale to measure the force pulling down on the string in Newtons (N).
· If you know the mass in grams, use the formula:
F = m × a, where m is in kg and a = 9.8 m/s² (gravity).
Example: 100g = 0.1 kg → F = 0.1 × 9.8 = 0.98 N
STEP 3: Measure displacement:
· With the mass attached, use a ruler to measure how much the string moves down from its original position.
· Record the distance in centimeters (cm).
STEP 4: Repeat with different masses:
· Try 2–3 different mass amounts and measure again.
· Be careful not to over-stretch the string!


📊 Force & Displacement Table:
	Mass (g)
	           Force Applied (N)
	       String Displacement (cm)

	
	
	

	
	
	

	
	
	

	



	
	



 Analyze & Reflect:
1. What pattern do you notice between the weight added and the amount the string moved?
→ ___________________________________________________________
2. Use Newton’s 2nd Law (F = ma):
What happens to the force on the string as you increase the mass?
→ ___________________________________________________________
3. How might this extra force affect the way the string vibrates when plucked? (Think: pitch, tension, energy)
→ ___________________________________________________________
4. What does this activity tell you about the relationship between tension and vibration in real instruments?
→ ___________________________________________________________











📍 Station 2: Newton Rocks the Ukulele
NGSS: HS-PS2-4 – Use mathematical representations of Newton’s Second Law to describe and predict the motion of an object.

✅ ITEEA STEL Standards (Standards for Technological and Engineering Literacy)
STEL 1G – Apply principles of energy, matter, motion, and stability to technological systems.
→ Students apply Newton’s Second Law to explore how force and mass affect tension and vibration in string instruments.
STEL 2I – Use mathematical and physical properties of materials in the design of devices or structures.
→ Students calculate force and relate it to string displacement and acoustic performance.
STEL 3G – Use models to analyze systems and predict outcomes.
→ Learners use force-displacement measurements to predict how string tension affects pitch and sound.
STEL 8G – Test and evaluate design solutions using criteria and constraints.
→ Students observe real effects of force on string movement, informing decisions about material choice and structural limits in instrument design.
STEL 10F – Use measuring instruments to collect data.
→ Spring scales and rulers are used to gather precise data on forces and displacement.

✅ Common Core Math Standards – High School
CCSS.MATH.CONTENT.HSN.Q.A.1 – Use units to understand and solve multi-step problems involving quantities.
→ Students convert mass to force and track displacement with correct units and precision.
CCSS.MATH.CONTENT.HSN.Q.A.3 – Choose a level of accuracy appropriate to limitations on measurement.
→ Students determine force and displacement accurately with real-world measurement constraints.
CCSS.MATH.CONTENT.HSA.REI.D.10 – Understand that the graph of an equation in two variables is the set of its solutions.
→ If students graph Force vs. Displacement, they can identify trends like linear relationships.
CCSS.MATH.PRACTICE.MP2 – Reason abstractly and quantitatively.
→ Students apply F = ma to real-world applications and interpret what the force values mean for string behavior.
CCSS.MATH.PRACTICE.MP4 – Model with mathematics.
→ Using formulas and collected data, students model the effect of force on a vibrating system.
CCSS.MATH.PRACTICE.MP5 – Use appropriate tools strategically.
→ Strategic use of spring scales, rulers, and conversion formulas help students make valid scientific predictions.

✅ Summary
This hands-on forces and motion activity brings Newton’s Laws into musical engineering. Students quantify the relationship between applied mass, resulting force, and string displacement. They analyze how this force affects sound production, developing a scientific and mathematical understanding of instrument design and energy transfer through tension.

