1. Measurement and Uncertainty
Introduction

The purpose of this experiment is to become acquainted with performing measurements, estimating uncertainties, and analyzing data to compare experimental results to theoretical predictions. We will use a simple pendulum to study these ideas.

A simple pendulum consists of a small mass m (the pendulum bob) suspended by a non-stretching string of length L. The period T is the time for the pendulum bob to go from one extreme of position to the other and back again. The amplitude  of the pendulum’s swing is the angle between the pendulum in its vertical position and at either extreme of its swing. The length L of the pendulum is the distance from the point of suspension to the center of the pendulum bob. 

You will study the period T of the simple pendulum as a function of three variables: amplitude , length L, and mass m.  You will change only one variable at a time, and change that variable over as wide a range as possible while keeping the other two variables constant. Specifically, you will manipulate variables to observe their effects on your results, i.e., you will do experimental physics.
Uncertainty
There are two sources of timing error in this experiment that will lead to an uncertainty in your measured time, t; reaction time error in starting and stopping the digital timer, and the timer error, likely to be ( the smallest division of the timer, which is ( 0.01 s for the timer you will use. The reaction time error of most people is about 0.1 s or more. Whether it is more than 0.1 s depends on your scheme to start and stop the timer, e.g., if you start and stop the timer when you hear your partner shout “start” and “stop”, then the reaction time error is likely to be greater than 0.1 s. Devise a reasonable scheme that will make the reaction time error small.

Question 1. Describe your method of timing a swing of the pendulum, and record your estimated uncertainty.

The precision of the value for the pendulum period will be increased if you time n complete periods t and then calculate the time for one complete period T, where t = nT and n is an integer. For the case where   = 80( use n = 5. For the other measurements use n = 10, e.g., if 
t = 13.8 s and t = 0.1 s, then T ( T = (t ( t)/10 = 1.38 ( 0.01 s.  

Effect of Mass

Prediction 1. What effect do you think changing the mass at the end of the pendulum will have on its period? In your notebook record what you think will happen as you change the mass and why.
Now using the timing method you developed above determine T ± T for three different masses; 100 g, 500 g, and 1000 g. Keep  =10( and L  = 150 cm for all three masses. As you add more mass you will need to adjust the length of the string to keep L = 150 cm. Remember to measure the time for n = 10 swings (t ( t) and then calculate the time for one swing 
(T ± T). It will be useful to organize your data in a table like the following:
	mass (g)
	t ± t (s)
	T ± T (s)

	 
	 
	

	 
	 
	

	 
	 
	


Question 2. Does the period depend on mass? In answering this question be careful not to simply compare the values of T, but also include your uncertainty T. For example, suppose I measure the period with a 100 g mass to be T = 2.27 ± 0.02 s, and the period for a 500 g mass to be T = 2.29 ± 0.02 s. Naively we might say that since 2.27 s and 2.29 s are different the measurements do not agree. However, each value of T has some uncertainty due to experimental errors, so the value of the first period is not simply 2.27 s. Rather, what I know is that the period lies somewhere between 2.25 s and 2.29 s. Likewise the second measurement tells me that the period lies somewhere between 2.27 s and 2.31 s. So to within the precision of my measurement, these two periods agree. 
Effect of Amplitude

Prediction 2. What effect do you think changing the initial amplitude will have on the period of the pendulum? In your notebook record what you think will happen and why.
In his book, "Dialogues Concerning Two New Sciences," Galileo stated:

I never dreamed of learning that one and the same body, when suspended from a string a hundred cubits long and pulled aside through an arc of 90( or even 1( or 1/2( degree would employ the same time in passing through the largest of these arcs. (1 cubit = distance from the elbow to the tip of the middle finger.)

Hence, Galileo concluded the period is independent of the amplitude. Was Galileo right? Well, let’s manipulate variables and examine the results.  Keeping L = 150 cm and m = 200 g, use four amplitudes from small (5() to about the largest possible (80().  Time n = 10 complete swings 
t ( t for each amplitude, except use n = 5 for 80(.  Calculate T  (  T for each amplitude. Record your data in a table similar to the one used above.
Question 3. Was Galileo’s conclusion correct? Does your data show that T increases, decreases, or does not change as  increases? Remember to factor in your uncertainty in T when answering. 
Effect of Length

Prediction 3. Will a long pendulum have the same period as a short one? Record in your notebook your prediction for the effect of pendulum length on its period.
Keeping  m = 200 g and   = 10(, time n = 10 swings for five lengths ranging from about 10 cm to about 200 cm. Determine T ± T for each length. Compile your data in the following table:
	L (cm)
	t ± t (s)
	T ± T (s)
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Plot the pendulum period, T, as a function of length, L. Be sure that your plot covers most of one page and includes a title and units for each axis. Clearly in this case changing the length of the pendulum has a strong effect on the period. Later in this class you will learn how to apply Newton’s 2nd law to the pendulum to predict its period. For now we will just write down the result of such an analysis:
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(1)
For one of your values of L, use equation 1 to calculate the theoretical period. Use 
g =  980 cm/s2. 

Question 4. How does your experimental value of T compare to the predicted value? Calculate the percent discrepancy: 

percent discrepancy =  |theoretical value – experimental value| / theoretical value  ( 100%

Equation 1 predicts that the period should increase as the square root of the pendulums length. Make a second graph, this time plotting T vs 
[image: image4.wmf]L

. Draw a “best fit” straight line with a ruler through your data and the origin. 
Determine the experimental slope, including units, of your line:

Experimental slope = rise/run =   
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Question 5. Does your plot show an approximately linear behavior? What is the slope of your best fit line (with units)?
Equation 1 suggests that our experimental slope should be equal to 
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. We can use this relation to determine from our data g, the acceleration of all dropped objects towards earth due to gravity.





g = (2)2/(experimental slope)2 

Calculate g using the above equation. Be sure to include units in your results.
Question 6. What is the percent discrepancy between your experimental value of g and the accepted value of g = 980 cm/s2 ?
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