Experiment Thirteen





The Simple Pendulum

THEORY

In the world of nature we often find processes and events which periodically repeat themselves in time. By this we mean that after a certain time interval, or period, the system or process returns to its initial condition. The tides in the ocean, the positions of the sun, moon, and planets and lunar eclipses, and a host of other astronomical phenomena recur with a more or less complicated regularity. Early man was certainly aware of this recurrence, and it had a religious significance for him. Numerous temples, such as the impressive Stonehenge monument in England, were constructed with astronomical recurrence as their central theme. These ancient ideas still exert a subtle influence today where we find them in religion, art, and even historical theory.

But these examples of periodicity are all quite complex and we would be hard pressed to extract any manageable data from them. However, there are a number of examples in which the situation is quite simple, with certain events and processes occurring with strict and simple regularity. One such example is a mass swinging on the end of a string. If the magnitude of the displacement is sufficiently small, and if we neglect the effects of friction and air resistance, the motion of the mass is exceptionally simple and is called simple harmonic motion. Problems of this type, and their mathematical equivalents, are found throughout the whole of physics and engineering.

Let us examine the above example more closely. A simplified pendulum consists of a mass M suspended by a very long light string of length L from a support, as in Fig. 13.1a. If we allow the mass to move in one plane only, we have what is known as the simple pendulum, a device famous for its use in the grandfather clock. The mass m is called the bob of the pendulum. At time t = 0 we displace the mass a distance R to the right, as measured from the vertical or equilibrium position, and then release it. Consider the forces acting upon m just after it is released. There is the weight, w = mg, pulling downward and the tension T in the string, as shown in Fig. 13.1b. A careful analysis shows that there is a net force acting to move the mass back to its original position. The restoring force F is proportional to the displacement, so long as the displacement is small, and it always points in the direction of the equilibrium position. Since there is an unbalanced force acting on m, Newton's second law tells us that the object will be accelerated in the direction of F.
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The bob thus returns to the equilibrium position, but when it arrives there it has a velocity. Inertia then carries the bob beyond the equilibrium position, but the restoring force F is now reversed in direction and decelerates the bob. Eventually the velocity of the bob becomes zero, but it is now displaced a distance R to the left of the equilibrium position (ignoring the force of friction). This process repeats and the bob is returned to its original position. The time required for this complete cycle of motion is called the period.

An immediate question concerning the simple pendulum is: "Upon what does the period depend?" If we are performing a pendulum experiment in the laboratory, we might make a list of the things that could influence the period. By this we mean that a change in one of these items on the list would cause some change in the period of the pendulum. Our list might include such diverse items as the size and shape of the laboratory room, the temperature, or the color of the dress or shirt worn by the experimenter, as well as more obvious quantities such as the mass of the bob, the displacement, and the length of the string. First, we can reduce the size of our list by using our intuition. One feels that many factors such as the color of the eyes of the experimenter or where the moon is relative to the constellation Sagittarius are irrelevant to the experiment. Second, we can reduce the list further by making "Inspired guesses.” Good science is as much a product of intuition and inspiration as are good literature and good music. For example, we might guess that the temperature has no effect upon the period of the pendulum even though we have no reason for doing so.

Once we have decided which factors are to remain in the list, we proceed to the laboratory to test our ideas. If some important item has been omitted, it will be decided experimentally, either by us or by other experimenters who try to reproduce our work under different circumstances. In checking the effects of varying different variables, it is necessary to vary only one at a time, otherwise the response is inconclusive. These points will be further illustrated in the experiment itself.

	LEARNING OBJECTIVES

	After completing the experiment you should be able to do the following:

1. Show the relationship between period and frequency.

2. Understand that motion of the pendulum is harmonic motion but not simple harmonic motion and be able to explain why.

3. Determine the factors that will affect the motion of a pendulum.

4. Show that the equation used in procedure 5 Is dimensionally correct.

5. Understand that the length and period of a pendulum are related to the acceleration due to gravity.




PROCEDURE

PART A.

1. Set the pendulum length to 20.0 cm. The distance from the pendulum clamp to the center of the bob is the length, L.
2. Using trigonometry, calculate the displacement the bob would have to give it a displacement of 5o Displace the bob to the right that amount and release it starting your stopwatch at the moment the bob is released.
3. Allow the bob to move through ten (10) complete cycles and stop the watch at the end of the 10th cycle.
4. Divide your time by 10 to determine the time of one swing that gives the period of the pendulum.
5. The period of a pendulum can be found from 
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. Use this equation and calculate the acceleration due to gravity.
6. Repeat the procedures for lengths of 40.0 cm, 50.0 cm, 60.0 cm, 80.0 cm, and 100.0 cm.
7. Plot T2 vs. L
PART B.

Next, you should investigate the influence of the mass on the period by varying the mass of the bob. Again, be sure that you careful1y describe what you did, what results you obtained, and your conclusions. Discuss how this result could be expected from Newton's second law and the law of gravitation.

PART C.

Finally, does the horizontal displacement have any effect upon the period? Check it experimentally and describe your results. Be sure to state what variables you held constant, which bob you used, etc.

Data Sheet - Experiment Thirteen





The Simple Pendulum

Name:  

Date:  

Diameter of Bob:  

Radius of Bob:  

Accepted Value of g = 9.80 m/s2
Part A:   The Effect of Length of the Period

Heavy bob, displacement = 5o are held constant.

	Pendulum

length
	Number of

Swings
	Total Time of 10 swings
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Part B:   The Effect of Mass of the Period

Length = 100 cm, displacement = 5oare held constant.

	Mass
	Heavy
	Light

	Time for

10 swings
	
	

	Time for

1 swing
	
	


Part C:   The Effect of Angular Displacement on the Period

Heavy bob, length = 100 cm, are held constant

	Displacement
	5o
	15o
	20o

	Time for

10 swings
	
	
	

	Time for

1 swing
	
	
	


Purpose	


To study a simple pendulum and the factors that deter-mine the period of the pen-dulum, and to determine the acceleration due to gravity.


Apparatus	


Metal sphere, long string, vernier caliper, stopwatch, meterstick, and pendulum clamp and support.
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