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Background 
An object will travel in a straight line until a force acts to change its path of motion. This means that to travel in a circle (or a loop) the force must act on an object to push it sideways. 
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When the force acts to push the ball to the inside of a circle, the force is called a centripetal force. It is the centripetal force that keeps you from flying out of your seat in a loop on a roller coaster. It is that same centripetal force that spins your clothes in a circle in the clothes dryer. With this centripetal force there is also an acceleration. This acceleration is called a centripetal acceleration. The centripetal acceleration also points to the inside of a curve or circle and is calculated from, 
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Where “ac” is the centripetal acceleration, “v” is the velocity, “R” is the radius. When you jump of a chair, it is gravity that pulls you down. If you were to get stuck upside down on roller coaster, gravity would also be pulling you down. But when the roller coaster is moving fast enough, the centripetal force pushes you towards the center with a greater force than or equal to the force of gravity. 

Preliminary Questions
1. 
When you are on a roller coaster, where do you feel lightest?  _________________


Where do you feel heaviest?  ______________ 
2. Centripetal acceleration is often expressed in g’s; which expresses how many times greater than the acceleration of gravity the rotating object accelerates.  One g would feel just like you do standing on earth. More than one g will make you feel heavy. 

How many g’s do you think you have to be experiencing to not fall out at the top of a 

roller coaster loop? ____________


How many g’s do you think you are experiencing at the bottom of the loop?  _________ 
Materials


1 ....track


1 ...marble


1 …ruler


3 …textbooks

Procedure
1.
Prop the end of the straight track on a stack of textbooks. Make sure the end is at least 
twice as high as the loop’s height.

2. 
Hold a marble at the top of the track.

3.
Use a ruler to measure the vertical start height to the bottom of the track under the 


marble.

4.
Release the marble from rest.

5.
 Listen to the marble as it travels around the loop. You will hear it make contact with


 the loop during its entire journey.

6.
 Move the marble lower; release it from rest, and listen to see if it makes contact the 

entire way around the loop. Repeat this process until you gone too far down the track. 

You will know you have gone too far when you hear the silence of the marble as it loses 
contact with part of the loop. Then back up until you’ve reached the point where the 

marble just barely keeps in contact with the track as it complete the loop.

7.
 Record this starting height on the data section of the lab.

8. 
 Increase the angle of the straight piece of track. 

9.
Answer the calculations and questions.
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DATA SECTION 
Loop diameter = _________ cm = ________ meters
Width of the marble = ________ cm = _________ meters
Height the marble travels (see picture) = __________ meters
Radius the marble travels = ___________meters
Mass of the marble =  __________ grams = __________ kg
Vertical starting height for successful loop the loop journey (in meters):_________ 
Calculations (use the height from the first angle)
1. Calculate the speed of the marble at the top of the loop using the formula below. 
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Speed: __________

2. Calculate the speed of the marble at the bottom of the loop using the formula below.
Speed at the loop’s bottom[image: image5.jpg]Speed at the loop's top = J(Z)(Q.SO)(Starting height on ramp - ball's height at the loop's top)
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Speed: __________

3. Calculate the centripetal acceleration of the marble at the top of the loop. Please show your work.











Acceleration: _________


     Rewrite the acceleration in g’s by dividing by the acceleration of gravity: __________  
4. Calculate the centripetal acceleration of the marble at the bottom of the loop. Please show your work.











Acceleration: _________


     Rewrite the acceleration in g’s by dividing by the acceleration of gravity: __________  
5. Calculate the centripetal force on the marble at the top of the loop. Please show your work.












Force: _________

6. Calculate the centripetal force on the marble at the bottom of the loop. Please show your work.












Force: _________

Questions
1. How fast was the marble moving when you released it? 

2. Approximately how many times greater is the centripetal acceleration at the bottom than at the top?

3. How does the number of g’s a rider feels relate to how heavy they feel?

4. In calculation (5), you determined the centripetal force acting on the marble at the top of the loop. Which direction is this force acting in? (up, down, left, right)
5.  In calculation (6), you determined the centripetal force acting on the marble at the bottom of the loop. Which direction is this force acting in? (up, down, left, right)

6. If you managed to find the exact point where the marble just barely touched the track, the acceleration at the top should be equal to 1g. Look at your answer for question #2. If the acceleration at the top were 1g, how big would the acceleration at the bottom be? 

7. 
a. In the first loop, draw an arrow on each marble to show the force of gravity acting on the 


marble. These arrows should be the same length since gravity is acting equally on 


the marble when it is on the top and on the bottom of the loop. 

 b. Still on the first loop, using a dashed line, draw arrows on each marble to show the ideal


centripetal force acting on the marble in each location. (For ideal, use the values in 



question #6 instead of your actual acceleration.)The length of the arrow should 


correspond to how many g’s are acting on the marble. (1g = same length as gravity 


arrow)

 c. In the second loop, draw only the NET acceleration acting on each marble. If two arrows 


are pointed in the same direction, you will add their lengths together. If two arrows 


are pointed in opposite directions, subtract their lengths.


8. What do you notice about the net acceleration on each marble?
