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Circular Motion - Computer Simulation
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Introduction
Uniform circular motion, an example of 2-dimensional motion, occurs when an object of mass m moves in a circle of radius R at constant speed.  While the speed of the object is a constant, the velocity is not, since its direction is changing.  The resulting acceleration is caused by a force pulling toward the center of the circle, called the centripetal force Fc.  The time is takes the object to make one complete revolution is called the period T. 
Computer Simulation


[image: image2]
The Circular Motion Lab on the computer simulates the motion of an object moving in uniform circular motion as shown in the diagram above.  Some examples are a merry-go-round, a car going around a curve, and a planet in orbit around the sun.
The following variables, with their units, will be used in this experiment.  The period will always be the y or measured variable.  The force, mass, and radius will be the set or x variables.  Essentially, you will be running three experiments, T versus Fc, T versus m, and T versus R.  This is summarized in the table below.
	y variable
	x variables

	Period, T (sec)

	Centripetal Force,  Fc (N)


Mass,  m (kg)

Radius,  R (m)


Objectives
To determine the relationship between the period and Fc, m, and R.  To find one equation that relates T, Fc, m, and R. Complete the lab by following the procedure and data analysis below.  
Procedure

Work in groups of two or as directed by your instructor.  Each lab group will turn in one lab report.  Each group member is responsible for collecting and analyzing the data for a portion of the lab as follows:

Partner 1: Part 1 - T versus F 

Partner 2: Part 2 - T versus m

Partner 2: Part 3 - T versus R

Partner 1: Part 4 - T versus combination of F, m, & R

1) Place the name of the group member who has worked on each part on the Data Tables sheet.  

2) Open the Circular Motion Lab simulation software. The following directions can also be found in the software by clicking on the Help button.
3) Set your input variables (Fc, m, and R) by dragging the sliders at the bottom of the screen with the mouse. Set the values so that they match those given in the data table that you are working on.  The data tables are given below.
4) Click on the start button to begin moving the object in circular motion.

5)
NOTE: In order to get an accurate reading of the period, it is necessary to find the time for 10 revolutions and then divide by 10.  This significantly reduces the error due to human reaction time. The red sensor on the left side of the screen flashes as the object passes by.  Use this to help you find the period.  

6)
Start the stopwatch by pressing the start button on the right side of the screen as the object has just caused the red sensor to flash.  Click the stop button when the sensor flashes after 10 revolutions.  Divide this time by 10 and place it in the appropriate data table.

7) Repeat steps 3 thru 6 until you have taken all of the necessary data.

Continue on to the data analysis section.
Data Analysis
Each partner will make a graph of each of their sets of data and answer the following questions.  Remember to graph the actual period, not the period x 10.  Place the answers to the questions on the linear graphs.  Any revised data required to straighten out the graphs should be placed on the non-linear graph. Parts 1 through 3 must be completed before part 4 can be started.
Parts 1 – 3
If the graph is linear: 

1) What is the slope? 

2) What is the equation between the two variables? (plug values from the graph into y=mx + b)

3) What is the proportion between the two variables?

If the graph is not linear, straighten out the graph.  Include a data table of your revised data (place on the non-linear graph).  Answer the following questions for the linear graph.

1) What is the slope?

2) What is the equation between the two variables?

3) What is the proportion relating the two variables?

Part 4 
Place question answers on the graph.

Combine the proportions from Parts 1-3 into one proportion.  Keep the y variable as T and

multiply all of the x variables together.
1) What is the proportion between T and the combined x variables?

Use all of the data from all three data tables.   For each T value calculate the combined x value

and place these in Data Table 4.

Using the data in Data Table 4, graph T (y axis) versus the combined x.   You should get a

straight line.  

2)  What is the slope?

3)  What is the equation of the straight line?

4)  What is the equivalent equation for circular motion found in your text book?  You may have to solve for T.
5)  Compare the numerical value for the constant in the equation from your text book to the slope.  Do a % error.  
Final Lab Report
The final lab report should be ordered as follows: cover sheet, data tables, graphs with question answers in order of T vs F, T vs m, T vs R, T vs combination.  
 Data Tables

Partner 1     ​​​​​​​​__________________                      
Partner 2     __________________
Partner 3    ___________________                      
Partner 4    ___________________                       
	Data Table 1 - T versus F
Constant: R = 1m, m = 2 kg

	Period, T (sec) x 10
	
	
	
	
	

	Period, T (sec)
	
	
	
	
	

	Force, F (washers)
	1
	5
	10
	15
	20


	Data Table 2 - T versus m

Constant: R = 1 m, F = 20 N

	Period, T (sec) x 10
	
	
	
	
	

	Period, T (sec)
	
	
	
	
	

	mass, m (stoppers)
	2
	4
	6
	8
	10


	Data Table 3 - T versus R

Constant: F = 10 N, m = 6 kg

	Period, T (sec) x 10
	
	
	
	
	

	Period, T (sec)
	
	
	
	
	

	Radius, R (m)
	0.2
	0.4
	0.6
	0.8
	1.0


	Data Table 4 - T vs f(F, m, R)

	Period, T (sec)
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Force, Fc (N)





Mass, m (kg)





Radius, R (m)
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