 SEQ CHAPTER \h \r 1Lab: Springs and Conservation of Energy
How does the change in the elastic potential energy of an oscillating spring compare with the change in the gravitational potential energy of a mass suspended from it?

[image: image1.wmf]A mass of 1 kg hung from a spring as shown in the figure below will come to rest when the weight of the mass is equal to the tension in the spring. If the mass is then lifted a short distance upward and released, it will oscillate with an up-and-down motion. At the top and bottom positions of its motion it will be at rest. 

In both positions the mass has potential energy. When the mass is at its highest position, its potential energy is gravitational and is the result of the work done in raising it against the opposition of the earth's gravitational field from the lowest to the highest point of its oscillation. When the mass is at its lowest position, its potential energy is stored in the spring and is the result of the work done against the elastic forces of the spring in stretching it. You are going to measure and compare the change in these two potential energies as the mass goes from its highest to its lowest point.

To solve the problem you must measure the loss in gravitational   potential energy and the gain in the energy stored in the spring as the oscillating mass falls the distance from its highest to its lowest position, i.e., the distance h in the figure. This loss in gravitational potential energy of the mass is PEg = mgh.
To find the gain in the potential energy stored in the spring, you must find out how much work was done in stretching the spring. 

Note the position of the lower end of the spring when no mass is attached to it. Let x1 be the elongation of the spring when the oscillating mass is in its highest position, and let x2  be the elongation of the spring when the oscillating mass is in its lowest position. By Hooke's law, the force needed to stretch the spring a distance x1 is kx1 and the force needed to stretch the spring a distance x2 is kx2, where k is the spring constant. The average force that stretches the spring from x1 to x2, is      therefore 1/2(kx1 + kx2). Since this average force stretches the spring a distance x2 - x1, the work done by this force is 1/2(kx1 + kx2)(x2 - x1) or 1/2k(x22 - x12). This work is the gain in potential energy PE, stored in the spring and is equal to 
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To find this energy you must measure x1 and x2. 

First determine the spring constant k. Suspend the spring from a ring stand and fasten a ring on a level with the lower end of the spring as shown in the figure. Hang a mass of 0.25 kg from the spring. Fasten a second ring on a level with the new position of the lower end of the spring. Measure the distance between the upper and lower rings and express it in meters. This is the elongation corresponding to the force exerted by the weight of the 0.25 kg mass. The stretching force is mg = 0.25 kg x 9.81 m/s2 = 2.45 N. Using the same procedure, determine the elongation produced by the series of masses listed in Table 1. Compute the weight of each mass and enter it in the table as the force exerted on the spring.

Plot a graph with the elongation in meters on the x axis and the force in Newtons on the y axis. Calculate the slope of the graph to determine the spring constant k. Record the calculated value of k in N/m.

Keep the upper ring (showing the position of the lower end of the spring with no mass attached to it) in place throughout the experiment, as shown in the figure. Now hang a 0.5 kg mass from the spring. Fix a second ring halfway between the position of the mass and the upper ring. Raise the 0.5 kg mass until the bottom of the spring is on a level with this second ring. Release the mass and, as it oscillates, fix a third ring to indicate the lowest position of the bottom of the spring. Measure the distance x1 between the top ring and the second ring, and the distance x2 between the top ring and the lowest ring. Enter these values, expressed in meters, in Table 2. Check the accuracy of your work by restoring the mass to the second ring position and releasing it. See if it oscillates between the second and third rings. Repeat this procedure using the same mass and a greater amplitude of oscillation by moving the second ring a few centimeters higher than before. Repeat the procedure using a mass of 1.0 kg instead of 0.5 kg.

Table 1: Force versus Elongation Data  

	Mass (Kg)
	Force (N)
	Elongation (m)

	0.00
	
	

	0.25
	2.45
	

	0.50
	
	

	0.75
	
	

	1.00
	9.81
	

	1.25
	
	

	1.50
	
	


Table 2: Bouncing Mass Data 
	
	Mass (Kg)
	x1 (m)
	x2 (m)
	h = x2-x1 (m)

	Trial 1
	
	
	
	

	Trial 2
	
	
	
	

	Trial 3
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Calculate the potential energy due to gravity and the potential energy stored in the oscillating spring at its lowest point. Compute the loss of energy as well. Enter the results in table 3.
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Table 3: Calculation Results
	
	PEg (J)
	PEs (J)
	ET (J)

	Trial 1
	
	
	

	Trial 2
	
	
	

	Trial 3
	
	
	


Questions:

1. What reason might there be for expecting that PEg and PEs should be very nearly equal to each other?

2. When the spring is allowed to oscillate for some time, its amplitude becomes smaller until it eventually comes to rest. What is happening to the energy originally stored in the spring?

3. As the mass falls from its highest to its lowest point, its gravitational potential energy is converted partly into potential energy stored in the spring and partly into kinetic energy. Describe the changes that take place in the kinetic energy of the mass during this fall. Describe the changes that take place in the gravitational and spring potential energy during this fall.
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