Physics I

Student Instructions
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	Kinematics/Dynamics
Centripetal Force Lab


	Name ____________________________
Teacher___________________________
Period  ________


Purpose 
Investigate centripetal force, centripetal acceleration and the affects of velocity on a mass traveling in a horizontal circle.  Construct graphs which show the relationships among these quantities.

Materials 
Centripetal Force Kit, meter stick, stopwatch or other timing device
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Procedure
1. Pass a strong light cord through a 10-15-centimeter length of glass tubing or 1/4 inch PVC tubing. At one end of the cord, fasten a 100-g standard mass. At the other end, tie a 2-hole rubber stopper as shown in the diagram. Hold the bottom of the cord in one hand and manipulate the tubing with the other so that the rubber stopper revolves overhead in horizontal circles starting at approximately 1 meter in radius.  When this has been mastered, release the standard mass so that it is free to move up or down. In this mode of operation the weight of the hanging mass supplies the centripetal force which forces the rubber stopper to move in a circle.
2. The radius of the string will be difficult to measure while the stopper is moving. One way of measuring it is to measure the string before or after the actual trial. A small marker such as a paper clip or a piece of tape attached to the string about 2 cm below the glass tubing will be helpful in maintaining a constant radius while the stopper is being revolved.

3. When measuring the radius, find the distance from the center of the stopper to the center of the top opening of the tube.

4. To keep the centripetal force from varying during the experiment, it will be necessary to practice keeping the rubber stopper revolving in a horizontal circle. If the circle is not horizontal, a changing centripetal force will be observed during each revolution.

5. Select a radius between 40 cm and 80 cm, whirl the stopper around your head such that you maintain a horizontal circle of your chosen constant radius. This may take a little practice. 

Part I   Centripetal force and velocity

1. Start with the first mass on the string.

2. Whirl the stopper in a horizontal circle of constant radius (r) for the prescribed number of revolutions while measuring the time. Find the period for one revolution by dividing the total time by the number of revolutions.
3. Repeat the procedure while increasing the centripetal force by adding more washers or masses incrementally to the hanging mass.
4. Calculate the speed by using the equation: 
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TABLE I

Radius:___________________m.

Mass of Stopper:___________kg.

	Part I

run #
	Mass on String

(kg)
	Weight on String = F​c (N)
	Time for ___ rev.

(s)
	T

(s)
	v
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· Make a graph of Fc vs v and a graph of Fc vs. v2.  

· What do these graphs indicate about the relationship between Fc and v ?  

· Find the slope of the linear graph.  What does the slope of this line represent?

· Multiply the slope of your line by the radius of your circle. What quantity used in this lab does the slope x radius of the Fc vs v2 approximate? slope x radius = _________________

1.  What provided the force that causes the stopper to move in a circular path (centripetal force)?

(What was pulling downward on the string?)

2.  Centripetal force can be calculated using the equation:  

· Now compare the measured value for the Centripetal Force Fc to the calculated value.

a.  For the measured value: m is the mass on the string; use 
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b. For the calculated value:  m is the mass of the stopper; use
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c. percent error is found by
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3.  What is you average % error?

4.  Were you able to keep the string horizontal?

5.  Is the stopper accelerating as it goes around the circle?

6.  What was the direction of the net force and of the acceleration of the stopper?


7.  Draw a Free Body Diagram  (FBD) for the forces acting on the stopper.

Part II  Centripetal force and radius
1. Repeat the experiment, but now keep the mass on the string constant and vary the radius.  This will keep the centripetal force constant. For each radius, calculate the speed at which the stopper moves. 

TABLE II

Mass on String:____________

	Part II

run #
	Radius

(m)
	Time for ___ rev.

(s)
	T

(s)
	v
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· Make a graph of v vs. r, and a graph of v2  vs. r.

· If either is linear, find the slope. Show your work below.

Recall that Newton's Second Law stated mathematically is: 
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And the equation for Centripetal Force is:
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What would the equation for the acceleration for the stopper in this system be?

Extension Part III  Extension

Calculate the centripetal acceleration for the stopper in the trials for Part II.
	Part II

run #
	Centripetal Acceleration
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Make a graph of Fc vs. ac   Find the slope of this graph.  What physical quantity in this lab does it approximate?  Find a percent error.  Show your work here.
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