Centripetal Force and Circular Motion

Background Information

According to Newton's first law of motion, an object in motion will move in a straight path unless some force acts on it to change its direction of motion. In order for an object to move in a circular path, such as a planet moving around the sun or an object being whirled over your head, a force must act on it to cause it to move in a circle rather than in a straight line. This force acts toward the center of the circle and is called centripetal force.


In this investigation, you will determine the relationship between the centripetal force acting on an object moving in a circle and the object's rate of revolution.

Problem


How does centripetal force change the speed at which an object moves in a circle?

Materials (per group)

1.5 m nylon String

One hole rubber stopper

16 iron washers

Watch with second hand (stopwatch)

Meterstick

Masking tape

Alligator clip

1 large paper clip

1 plastic pipe tubing

Procedure

1. Pass the string through the tubing. Tie one end of the line securely to the rubber stopper. Tie the other end to the paper clip. Bend the paper clip so that it can act as a hook for the washers.

2. Place the rubber stopper (with line attached) at one end of the meterstick. Measure off 1 m of line. The length of the tubing should be included in this measurement. Attach the alligator clip just below the tubing. Place the appropriate number of washers on the paper clip. See Figure 1.
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3. Have your teacher check your apparatus. Then practice swinging the rubber stopper over your head so that the alligator clip is just pulled up to, but not touching, the tubing. Do not pull on the line with your hand to accomplish this. The centripetal force provided by the weight of the washers will keep the rubber stopper moving in a circle.

4. When you are satisfied that you can successfully move the stopper in a circle so that the alligator clip stays in position, begin swinging the stopper while another member of your group determines the amount of time it takes for the stopper to make 10 revolutions. Record the time in the Data Table.

5. Add washers to the paper clip hook and repeat step 5. Repeat the procedure, adding the appropriate number of washers each time, until all 16 washers have been added.

Observations

DATA TABLE

Number of Washers
Time for 10 Revolutions (Sec)
Time for 1 revolution (sec)

4



8



12



16



1) In the Data Table, you recorded the time required for ten revolutions of the rubber stopper with different numbers of washers. Calculate the average time for one revolution and place the information in the Data Table.

2) In this investigation, what factors were held constant as you changed the centripetal force by adding washers?

3) As the number of washers increased, what happened to the time it took for the rubber stopper to revolve?

4) As the number of washers increased, what happened to the velocity at which the rubber stopper revolved?

Critical Thinking, Application and Conclusions

1) Why was the number of washers changed in each step of the investigation?

2) Is there a relationship between centripetal force and the velocity of an object moving in a circle? Explain.

3) Why was it necessary to change only the centripetal force?

4) The model you have just investigated can be compared to the orbits of the planets around the sun. In your model, what represents:

a) The sun's pull of gravity?

b) A planet?

c) The orbit of a planet?

5) Explain why an object moving in a circular path is constantly accelerating.

6) Describe the path that the rubber stopper would take if the string were to break while the stopper was being whirled overhead.

7) Explain why the stopper would take this path.

