Roller Coaster Lab

Content Standard(s):                                                                                                          

· Standard 6: Physical, Earth and Space Science: NATURE OF MATTER AND ENERGY: Understand the nature of matter and energy, forms of energy (including waves) and energy transformations, and their significance in understanding the structure of the universe

· Benchmark SC.PS.6.2: Explain how the law of conservation of energy is applied to various systems

· Standard 3: Physics: Matter and Energy Conservation: Understand the nature of momentum and energy transformations

· Benchmark SC.PH.3.4: Describe ways that energy can be transformed from one form to another (e.g., potential energy to kinetic energy)

· Benchmark SC.PH.3.5: Use the equations for changes in kinetic energy (KE = 1/2 mv2) and gravitational potential energy (PE = mgh) to calculate the changes in energy

· Standard 1: The Scientific Process: SCIENTIFIC INVESTIGATION: Discover, invent, and investigate using the skills necessary to engage in the scientific process

· Benchmark SC.PS.1.1: Describe how a testable hypothesis may need to be revised to guide a scientific investigation

· Benchmark SC.PS.1.2: Design and safely implement an experiment, including the appropriate use of tools and techniques to organize, analyze, and validate data

· Benchmark SC.PS.1.3: Defend and support conclusions, explanations, and arguments based on logic, scientific knowledge, and evidence from data

Purpose: To find the kinetic and potential energy of a roller coaster without any loops and with a roller coaster with at least one loop.

Hypothesis: Will the marble lose more energy on the basic track or a track with loops? 

Materials: 

foam insulation piping      masking tape     marble
  triple beam balance       classroom furniture

Procedures:

Part I:

1. Lay your piece of piping on the floor and use the masking tape to elevate one end by taping it to a chair or part of your desk to create the basic coaster with no loops.

2. Take the marble to the triple beam balance to find the mass of your marble in grams. Convert the mass to kilograms by dividing the number by 1000. Record the new very small number on your worksheet.

3. Once your roller coaster is complete and works so your marble remains in contact with the track at all times, measure the height of the starting point of your roller coaster (where you will release your marble). Record the height on your worksheet in meters.

4. Calculate the potential energy of your marble for your roller coaster using the height and mass of the marble. Show work and record answer on your worksheet for #3.

5. Measure out 1 meter away from the end of your track that is flat and mark it with a piece of masking tape.

6. Test your track around 3 times and use the stopwatch to get the time it takes the marble to travel the 1 meter flat section. Record the best time on the worksheet.

7. Calculate the speed of the marble for the 1 m flat section using the average time you calculated. Show work and record your answer on the worksheet for #1.

8. Calculate the kinetic energy of your marble for your rollercoaster (#2 on your worksheet).

Part II:

9. Create a roller coaster with at least one loop that also ends on the floor or on a flat surface.

10. Once your roller coaster is complete and works so your marble remains in contact with the track at all times, have someone in your group sketch your track on the worksheet. If you have a camera you can take a picture so you can look at it later and print it out for your notebook.  

11. Repeat steps #3-8 for this looped roller coaster. Show work and calculations for  #5, 6, and 7.

12. Answer discussion questions on your lab worksheet.

Roller Coaster Lab worksheet 

(46 points ( 2 = 23 points total)

Purpose: To test the law of conservation of energy using potential energy and kinetic energy conversions and to apply the law by building a looped roller coaster

Hypothesis: ______________________________________________________________________(1 pt)

Materials: 

foam insulation piping      masking tape     marble
  triple beam balance       classroom furniture

Data:








Table 1: Trial 1  (8 points)

	Distance 1 in meters

(D1)
	Time in sec

(time for D1)
	 Velocity of the marble on trial 1 in m/sec

 Speed =d/t
	*Mass of the marble (in kilograms)

(divide mass in grams by 1000)
	Height of the marble (to calculate PE)
	Gravity on earth 
	PE of marble at top of coaster
	KE of marble at bottom of coaster

	
	
	
	
	
	
	
	







Table 2: Trial 2 (8 points)







	Distance 2 in meters

(D2)
	Time in sec

(time for D2)
	 Velocity of the marble on trial 2 in m/sec

 Speed =d/t
	*Mass of the marble (in kilograms)

(divide mass in grams by 1000)
	Height of the marble (to calculate PE)
	Gravity on earth
	PE of marble at top of coaster
	KE of marble at bottom of coaster

	
	
	
	
	
	
	
	


Questions: (28 points)
1) Find the velocity of your marble for trial 1? (Worth 3 pts) Show work in 3 steps! (3 points)
Step 1:


Step 2:



Step 3:
2) Find the kinetic energy of your marble for trial 1 using the velocity you just found and the mass of the marble (make sure the mass is in kilograms)? (Worth 3 pts) Show work in 3 steps! (3 points)
Step 1:


Step 2:



Step 3:
3) Find the potential energy of your marble for trial 1 using the mass of the marble (in kilograms), the height you measured, and gravity on earth? (Worth 3 pts) Show work in 3 steps! (3 points)
Step 1:


Step 2:



Step 3:
4) Compare the KE and PE for trial 1. Find the difference between the two (subtract one from the other) (3 points)
a. PE = ____________

b. KE = _____________

5) Find the velocity of your marble for trial 2? (Worth 3 pts) Show work in 3 steps! (3 points)
Step 1:


Step 2:



Step 3:
6) Find the kinetic energy of your marble for trial 2 using the velocity you just found and the mass of the marble (make sure the mass is in kilograms)? (Worth 3 pts) Show work in 3 steps! (3 points)
Step 1:


Step 2:



Step 3:
7) Find the potential energy of your marble for trial 2 using the mass of the marble (in kilograms), the height you measured, and gravity on earth? (Worth 3 pts) Show work in 3 steps! (3 points)
Step 1:


Step 2:



Step 3:
8) Compare the KE and PE for trial 1. Find the difference between the two (subtract one from the other) (3 points)
a. PE = ____________

b. KE = _____________

9) What forces were acting on the marble as it rolled through your roller coaster (1 pt)? 

10) How did the forces acting on the marble effect the marble’s motion (1pt)?

11) Was your hypothesis correct? If yes, explain how your group helped to make accurate measurements. If not, explain why it was not correct (what could have effected your results, timing, energy lost?, friction on the marble, etc.)(2 points)
T1 = Time on flat area


D1 = flat area
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Basic roller coaster





Looped roller coaster (1 pt) – Draw sketch here (draw walls, shelf, chairs, etc. if needed for your 


                                       coaster)  Label height, time, distance (D2), and flat area like the diagram above  











