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This toy can be purchased in any toy store or drug store at about $10.  It teaches circular motion and conservation of energy.  Here are activities for exploration: Tape down the tracks before you start the following explorations.
1) Find out the minimum height for the car to drop so that it just makes the circular loop without falling from the track.
2) Load the car with some weight and repeat the same experiment. Do you start the same minimum height?
3) Replace the car with different size marbles or steel balls and repeat the exploration. See how high the marbles have to start to just make the loop.
4) Untape the tracks and repeat the same exploration as in 1. Do you have to drop at a higher height to complete the loop? Why? 

A sample of the students' worksheet is presented here.
Name:    
Partners:     
Date:
1) Measure the mass of the car and the people in grams then change into kg.
 

2) Measure the radius R of the loop in cm. then change into meters :
 

3) Release the car without pushing it at A. Adjust the height (h), so that the car will just barely make the loop.  Make sure the loops are held down, so the car is not bouncing the loops. Measure this minimum height each time in cm. then change into meters.  Repeat the experiment five times.
Trial 
1
2
3
4
5
Average
Height in cm.
 

 

 

 

 

 

4) Now I want you to calculate the minimum theoretical height (h) for which the car just makes the loop. (This means ignoring friction or imparting any energy to the rails).  You need to use the conservation of energy concept, so you need to know the velocity and the height at B . But before the calculation please think it through.  Here are some questions you should think about:
a)  What is the condition for the car to just make the loop. (Think in terms of the normal force on the car from the track.) 

 

b) What is providing the centripetal force at the top of the loop if the car is just barely pushing on the track?  Draw the force diagram at point B. and set up the equation.
 

 

 

 c) In the above equation, using the centripetal acceleration a = v2/R, solve for the speed at B.
 

5) At B what is the kinetic energy?  This is the reason for all the above thinking!
K.E.=1/2 m v2
 

6) What is the potential energy?  Remember where your reference point was when you measured the minimum height at A . You should measure the height of B and compare it with the diameter of the loop.  Which number should you use? and Why?
 

a) Diameter of the loop = 
 

b) Height of position B =
 

c) Which number should you use?  Why?
 

d) Now calculate the potential energy at B:  P.E. = weight * height.  Does the car have potential energy if you take the heights as indicated?
 

7) What is the total energy at B when the car just barely makes the loop? 
 

8) At B where is the energy coming from?
 

9) Now set up the equation from conservation of energy and solve for the minimum height h where the car was originally released. 

 

 

10) Is your calculated height h same as the measured value in part 3?  
 

11) How much is the discrepancy?
% Discrepancy =  ( Measured value – calculated value)/ calculated value * 100 %.
 

12) Why is there the discrepancy?  Give at least two physical reasons.
 

 

 

 

Discussion
At point B the car's total energy, including potential and kinetic energies, should equal to the original potential energy at A, if we ignore friction. However, if we include friction the initial height has to be a little higher than in the ideal case. Since we do not know how the friction varies with the weight, we have to find it out by experiments from Exploration 2.
In Exploration 3, when you replace the car with a steel ball, you should consider the rotational energy of the ball at point B, the top of the loop. Therefore, you will have to drop the ball a little higher than the car. The car's wheels do take up some rotational energy but it is a very small correction.
If you do not tape down the tracks, part of the initial energy is shared by rocking the tracks. You will need more height for the same car to just go around the loop.
 

An excellent discussion for teachers can be found at http://www.prisms.uni.edu/Resources/Labs/III-7/
  


  

Return to top of the page
 

