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Name __________________________________ Date _________________
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Circular Motion: Lab #11




By M.L. West

Objective: to investigate circular motion and centripetal acceleration in a rough way.

Equipment: double–holed rubber cork, glass or plastic pen tubes, string, large paper clips, large washers, masking tape, fishing weight, stopwatches, balance, meter stick, safety glasses
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by Victor Sayan
Definitions:

Circumference of a circle of radius R:

For period T, velocity around that circle: 


Force (gravitational): 


Force (circular centripetal): 


Force equation:


Rough plot of y = x, y = x^2, y = x^0.5 on the same graph:
Procedure: Swinging a cork by hand   (SAFETY FIRST)
1. Measure the mass of the rubber cork.
2. Tie the string securely to the double-holed rubber test tube cork. Thread the free end of the string through the slim plastic tube with the smoothest end of the tube toward the cork. Pull the cork out until there is at least half a meter of string between it and the top of the tube. Put a marker (a small paperclip or a little strip of masking tape) on the string a finger-width below the tube while the cork is .5 meters from the tube center. This will be your visual marker to help you keep the radius constant at .5 meters.
3. Number and weigh each of the five washers you plan to use. Put these data in the Data Table below. Make a team Excel spreadsheet for these values. Attach the large paper clip to the bottom of the string, then start with the fishing weight on the bottom of the string by pushing it over the large bent paper clip. 
4. Hold the tube vertically above your head and whirl the cork around so that its radius of motion is 0.5 m. Be careful. Watch the marker intently and adjust your swinging speed accordingly. Another person can time 10 revolutions once you have achieved a steady speed. Remember to start counting revolutions at zero not at one. Another person can judge the actual radius of the circle by comparing it to a meter stick. The time period for one revolution is your measured time/10. Repeat twice.
5. Add a washer to the bottom of the string. Again measure the time for 10 revolutions when the radius of motion is the same as it was before.
6. Repeat for up to 5 washers or weights.
7. Repeat for two more different radii of the circular motion, say .30 and .75 meters, or your choice.

Analysis:

1.  Calculate the velocity of the whirling cork by velocity = distance/time. The distance is 2 pi radius, and the time is the period for one revolution.

Graph 1: Plot the cork’s velocity (y-axis)  vs. the gravitational force (x-axis) supplied by the weights.
Graph 2: Plot the square of the cork’s velocity  vs. the gravitational force of the weights.

Which of these two plots is more of a straight line? (Fit a linear trendline and display the equation and the statistical R^2 value.)
Is this what you expected?

Why or why not?

2. Calculate the circular centripetal force on the cork as 

Force (needed)  = m a  = (mass of cork) x (velocity^2 / radius)

3. For each scenario compare the two forces and calculate their percent difference.
Graph 3: Plot     Force (needed)   vs. Force (gravitational)

Fit a linear trendline and display the equation and the statistical R^2 value.

4. Calculate the period^2.  
Graph 4: Plot T^2 vs. the radius of the orbit. 
Fit a linear trendline and display the equation and the statistical R^2 value.

. 
What should the slope of this line tell you? (Solve the equations for T^2 as a function of R.)

What is the accuracy?
In your lab report include equipment, sketch, data table, sample calculations, analysis, conclusions, percent variation, and related future work.
Data Table

	Name
	Mass (kg)

	Rubber cork
	

	Fishing weight
	

	Washer #1
	

	Washer #2
	

	Washer #3
	

	Washer #4
	

	Washer #5
	


	Scenario
	Hanging M (kg)
	F (grav)
	R
	T1
	T2
	T3
	T ave
	v
	v^2

	1
	
	
	.5
	
	
	
	
	
	

	2
	
	
	.5
	
	
	
	
	
	

	3
	
	
	.5
	
	
	
	
	
	

	4
	
	
	.5
	
	
	
	
	
	

	5
	
	
	.5
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	
	


Etc.

