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Objective:
In this experiment, you will determine the relationship between the period of a simple pendulum and (a) the mass of the bob, (b) the amplitude of the swing, and (c) the length of the pendulum's string. You will also use data from your experiment to calculate the acceleration due to gravity.

Equipment:
Centigram balance





Meter stick



            Pendulum support and clamp



            String
         



            Wood, aluminum, and steel bobs 



Digital timer    

Theory:  

Pendulums can be classified as compound or simple. (The compound pendulum is also  called a 'physical' pendulum). The compound pendulum is one in which the mass of the pendulum is distributed throughout its length (though not necessarily evenly distributed). A coffee cup suspended about the handle by a nail and set swinging would be an example of a compound pendulum. A meter stick pivoted about one end and left to swing freely would be another example of a compound pendulum.  

A simple pendulum consists of a length of string of negligible mass with a relatively large mass (the bob) attached to one end. The other end of the string is attached to a support in such a manner that the bob can swing back and forth in a plane, as shown in the figure below. We will let L stand for the length of the pendulum, m represents the mass of the bob, and θ (theta) be the angle of the amplitude of swing caused by a displacement d. The period, T, is the time taken for one swing of the bob forward and back.

The simple pendulum is one in which the mass of the pendulum is concentrated at a point at the end of a thin, light string. Although a perfect simple pendulum does not exist, we can closely approximate one by making the length of the string very large in comparison to the diameter of the pendulum's bob 
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When performing a scientific investigation, it is good practice to deal with only two variables (quantities that change) at a time—attempting to keep every other factor constant. When trying to determine the effect of the mass of the bob, the amplitude of swing, and the length of the swing on the period of the pendulum, you would not want to vary all three factors at the same time. Try to keep as many variables constant, while changing only one of them. For example, you could keep both the mass of the bob and the amplitude of swing constant, while the effect on the period of varying the length of the string is investigated. In this example, the two variables you are dealing with are the period and the length of the string; you varied the length of the string, which in turn affected the period of the pendulum.

When left alone and untouched, the bob of a simple pendulum will obviously just rest directly below the support point (θ = 0(). This position is called the equilibrium position for the pendulum. When the bob of a stationary pendulum is pulled back and released from its equilibrium position, the bob falls, gaining speed because of the force of gravity pulling it toward the center of Earth. However, the string causes the bob to fall in an arc, and the bob’s momentum carries it past the bottom of the arc and upward until the speed decreases to zero. Then, the bob falls back, moves past the bottom of its arc, and upward on the other side. In the absence of air resistance and frictional effects at the support, the pendulum would swing forever.

The period of a pendulum is influenced by the strength of the gravitational field at the location of the experiment. In fact, it is possible to find the value for the acceleration due to gravity, symbolized by g, by making a few basic measurements using a pendulum and using Equation 1, where L is the length of the pendulum, and T is the period. 

Equation 1:  
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  ,  or solving for g yields   
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   Equation 2
The accepted value for g at sea level is 9.81 m/s2.

Procedure:

 Part A: How does the mass of the bob affect the period?

1.
Use the centigram balance to find the mass of the wooden, aluminum, and steel bobs to the nearest 0.01 g. Record this mass in your Data Sheet. 

2.
Set up the pendulum as directed by your instructor and partially shown in Figure 1. Start with the wooden bob.

3.
Draw the bob back so that the distance d is about 2.0 inches. Release it and simultaneously start the timer. When the bob has swung back 20 times, stop the timer. Record the time to the nearest 0.1 s. Repeat twice, keeping the length of the pendulum and the position of release (the amplitude of swing) the same.  Record your data in the Data Sheet

4.
Replace the wooden bob with the aluminum bob. Repeat step 3. Be sure the length of the pendulum is the same as before. Run three trials.

5.
Repeat with the steel bob, then calculate the average time for 20 periods for each bob.

Part B: How does the size of the amplitude affect the period?

1.
Use the pendulum with the steel bob, just as it was set up for the last run in Part A. Keep the pendulum length the same. Therefore, the first column in Part B can be completed using the data from the last column in Part A.

2.
Repeat the experiment, running three trials with the bob drawn back 3.0 inches before release.

3.
Run three trials with the bob drawn back 4.0 inches before release. Calculate the average time for 20 periods for each of the three displacement distances.

Part C: How does the length of the string affect the period?

1.
Use the pendulum with the steel bob, just as it was set up for the last run in Part B. Use the meter stick to measure to the nearest 0.1 cm the length of the pendulum from the pivot point to the middle of the bob. We will call this the long pendulum. Therefore, the first column in Part C can be completed using the data from the last column in Part A.

2. Shorten the pendulum about 20 cm, and remeasure the length to the nearest 0.1 cm. This is the medium pendulum (L ~ 80 cm). Run three trials at this length with a 2.0 inch displacement (d = 2.0 inches).

3. 
Shorten the pendulum another 20 cm, and remeasure the length to the nearest 0.1 cm. This is the short pendulum (L ~ 60 cm). Run three trials at this length with a 2.0 inch displacement (d = 2.0 inches).  Calculate the average time for 20 periods for each of the three pendulum lengths.

Part D: Determination of g using Data from Part C

1.
Change the lengths of pendulum measured in Part C from centimeters to meters, and record in the proper place in Part D of the data sheet. Remember, 1 m = 100 cm, just as 
       100 cents = $1.

2.
Find the period for each pendulum by dividing the total time for 20 periods by 20.0. Recall, the period is the time for one cycle. But you measures 20 cycles! Thus, you must divide your time for 20 cycles by 20 to get the time for one cycle.

3.
Use Equation 2 to calculate g in each of the three cases, then calculate the percentage error (% Error) for each. 


Show your calculations for g and % Error.  For % Error, use the following formula:



% Error = ((experimental value/theoretical value – 1)(x 100.




Note: Since the experimental value can be bigger or smaller than the theoretical one, the sign of the % Error can be positive or negative. In order to work only with positive values, the absolute value is used in the above formula.

A. The Effect of the Mass of the Bob


	
	Time (in seconds) for 20 periods

	
	Wooden bob

( mass = _______g)
	Aluminum bob

( mass = _______g)
	Lead bob

( mass = _______g)

	Trial l
	
	
	

	Trial 2
	
	
	

	Trial 3
	
	
	

	Average
	
	
	




B.
The Effect of the Amplitude of Swing

	
	Time (in seconds) for 20 periods

	
	2.0 inch Displacement Amplitude (d)
	3.0 inch Displacement Amplitude (d)
	4.0 inch Displacement Amplitude (d)

	Trial l
	
	
	

	Trial 2
	
	
	

	Trial 3
	
	
	

	Average
	
	
	


C.     The Effect of the Length of the Pendulum


	
	Time (in seconds) for 20 periods

	
	Length of Long Pendulum:_____ cm
	Length of Medium Pendulum:_____ cm
	Length of Short Pendulum:_____ cm

	Trial l
	
	
	

	Trial 2
	
	
	

	Trial 3
	
	
	

	Average
	
	
	


D.    Determination of g using Data from Part C
1.
Long pendulum: Length in meters ______
              Period (divide total time by 20.0)__________
         Calculation for g:   
Value for g: ______________


        

Calculation for % Error:
% Error: ________________

2.
Medium pendulum: Length in meters ______       Period (divide total time by 20.0)__________


Calculation for g: 
Value for g:____________





Calculation for % Error:
% Error:____________

3.
Short pendulum: Length in meters ______       
Period (divide total time by 20.0)__________




Calculation for g: 
Value for g:____________





Calculation for % Error:
% Error:____________

Part E: Constructing a Shoe-Pendulum
1. Hopefully someone in your lab group is wearing shoes that have shoelaces. Construct a pendulum by unlacing one shoe and tie the lace to one of the middle lace-holes. The shoe should hang in a horizontal orientation from a support post. Using the accepted value of g, and equation 1, calculate the theoretical period of your group's 'shoe-pendulum'. 

Now give the shoe a push and use the digital timer to measure the period. 

Time for 20 oscillations =    

Period T = 

Length of shoe pendulum   L =

T
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Theoretical period ____________  sec  
               


Measured period ______________ sec











% Difference =

f.
Analysis of Results



Within the experimental errors of non zero friction and air resistance, does the period of a simple pendulum depend on mass?   Does the period depend on amplitude?  Does the period depend on length?


Did your calculated value of g vary significantly when the length of pendulum changed?
                       Was the motion of your pendulum well described by the equation on page 1?

Why do you suppose the equation you used for calculating g has no place to insert the mass of the bob or the amplitude of swing?

θ





L





m





Figure 1
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