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Introduction
This investigation will attempt to demonstrate that energy is conserved in nature.  This will be done by comparing the potential energy (Ug) lost by a mass as it falls with the potential energy gained by a spring (Us) as it stretches.  


To lift a mass to some height, a force (F) must be exerted through a distance (y).  Thus, work can be calculated as Fy.  Also, the Ug of the mass at the new height (mgy) will be equal to the work done raising it.  Obviously, Fy = mgy, and Newton's 2nd Law becomes evident.


Hooke's Law, simply stated, relates the stretch of a spring to the force applied.  The equation F = -kx implies that the constant (k) can be determined from the slope of a graph.  As a spring is stretched or compressed, the force needed increases uniformly from zero to the maximum, beyond which deformation of the spring occurs.  To find the work, we need to use the average force. 

Fave  = (Fi + Ff)/2
Since Fi  =  0, then      


Fave  =  Ff / 2

and 




W  =   Favex


When a mass is attached to a spring and allowed to fall, the mass loses potential energy.  The Law of Conservation of Energy predicts that the energy lost by the mass (Ug = -mgy) as it falls does work on the spring (Us = +½kx2), thus






mgy = ½kx2
and allowing y = x, then   

mg = ½ky
This is an example of the Work-Energy Theorem in physics.

Procedures
I.  Spring Force Constant k and Energy
1.  Set up the apparatus as sketched in class.

2.  Avoiding parallax error, read and record the position of the pointer.  This is the no load

 (F = 0) reading.

3.  Hang a 50.0 or 100.0 g mass on the spring.  Record the new position of the pointer.

4.  Repeat Steps 2 and 3 several times for masses of 50 to 100 g.  Caution: check to be sure that 

the no-load reading does not change with each new mass.
5.  Make a data table of F and x.

6.  Plot F as a function of x.  Allow room on the graph to extend to 15 N and x = 0.5 m. Using your calculator, perform a linear regression to determine the slope (k).

7.  Calculate the area under the curve to determine the energy stored in the spring.

II.  Conservation of Energy
1.  Attach the 500.0 g mass to the spring and support the mass such that the spring is at the no-load position.  Drop the mass and locate the lowest point to which it falls, catching the mass at its nadir.  

2.  Repeat this to collect 5 samples.  Calculate the average maximum extension (x).  

3.  On the graph,  locate this distance (x) and draw a vertical line up to your trend line.  Calculate the area bounded by this triangle as the energy stored in the spring.

Analysis

In your analysis, discuss the potential energy lost by the mass as it is dropped to its lowest point (Ug = mgh) and compare it with the results of the work done on the spring.   What percent of the Ug lost by the mass was gained by the spring?  (Hint: revisit the Work-Energy Theorem.)  Discuss where "lost" energy might have gone.  Describe several sources of error in this lab.  What does the “k” value of a spring represent?









