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Abstract:

In this lab, the idea of conservation of mechanical energy was tested.  The first part of this experiment dealt with a cart and the change in the total energy of the system with respect to the distance the cart travels.  The value for the total energy was determined through the gravitational potential energy and the kinetic energy of the system.  The value of the rate of change of the total energy of the system with respect to position was -.059 ± .001 J/m.  This value does not match with the accepted value of no change, which could be due to ignoring the mass of the rope, and ignoring the friction as the string moves over the pulley.  In the second part of the lab, the spring potential energy and the gravitational potential energy are used to determine the total energy of the system.  The value of Ɛ was -.0768 ± .036.  The discrepancy between my value, and the accepted value of 0 is the fact that the mass may not have fallen perfectly straight down, altering the length the spring was stretched.  Despite the fact that the values did not match exactly, the data shows that it is a small change and could be caused by external forces that were not accounted for.
Gravitational Potential Energy:
Introduction and Theory:


According to the conservation of energy, energy cannot be created or destroyed, and therefore the energy in the initial state, and the final state should be equivalent if there are no non-conservative forces.  If there are non-conservative forces, the equation to find the total energy in a system can be written as
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where Wnc is the non-conservative work done on the system, 
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 is the change in kinetic energy of the system, and 
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is the change in the Potential Energy. The energy can be in two forms, Kinetic Energy and Gravitational Potential Energy. The Kinetic Energy is written as
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where m is the mass of the object, and v is the velocity of the object.  And the Gravitational Potential Energy is written as
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where m is the mass of the object, g is the gravitational constant, and h is the height off of the ground.  By combining these three equations, we can see that the equation for energy can be rewritten as
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(1.4)

where vf  is the final velocity, vi is the initial velocity, hf is the final height of the object, and hi is the initial height of the object.  From this we can see that if the non-conservative work is accounted for in the experiment, then the equation can be written as
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(1.5)
Thus, we can see that if there are no conservative forces, then the total energy in the system should remain at a constant value, as seen by the fact that the total energy will always be 0.
Experimental Procedure:
We used a ramp that was close to level with a pulley on the end with a string running from side of the ramp to the pulley and slightly off the edge, with a nearly frictionless cart with a mass of 1001g ± 1g.  See Figure 1.
To account for the friction of the cart, we attached paperclips to the string hanging over the edge of the table, until the cart traveled at a constant velocity.  To determine that the cart was at a constant velocity, we used LoggerPro and viewed the velocity graph produced through the program and keep adding more paperclips, until the graph was as close to a constant value as possible.  From this we found the mass of the paperclips to be 5g ± 1g, which we found by taking the total number of paperclips and weighing them on an electronic scale.  The value of 1g was determined for the uncertainty, because the scale is accurate up to one of the smallest values it displays.
We then added an additional mass of 30g to the hanging mass to cause the system to accelerate.  We then collected data through LoggerPro and through an electronic eye that would record data every time the pulley had a spoke pass across the beam.  The spokes were separated at a distance of .001m.  We repeated this process of releasing the cart and recording the data, until we had a fairly constant result with each attempt.
Figure 1.

Results and Analysis:

From the data that was collected, it was analyzed in Origin by determining the values for each the kinetic, potential, and total mechanical energy versus the position.  The value of the kinetic energy was calculated through the relation
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where mc is the mass of the cart, and vc is the velocity of the cart, determined by the data collected from LoggerPro. Also, the value of the potential energy was determined through the relation
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where mh is the hanging mass (the additional mass plus the mass of the paperclips) of the system, and y is the distance the cart traveled, which is equivalent to the distance the mass dropped.  The total mechanical energy was determined through the relation
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where E is the total energy.

Because the recorder for the data was turned on before the cart was released, and since the cart was stopped before the data stopped recording, I omitted the first few values and the last few values, and these values were not included in the table or the graph.  They were omitted because the data is from before the cart was released or were from after the cart had been stopped by the stopping mechanism (my hand), which would have affected the total energy of the system. The slope of the line of best fit for the total energy graph was determined to be -0.059 J/m. See Graph 1 (attached).  The rate in change of the total energy with respect to time is 
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where ∆E is the change of the total energy, and ∆y is the change in the position of the cart.  This value is 

The uncertainty in equation 1.9 can be written as
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This value is approximately 0.001 J/m, giving the slope a range of -0.060 J/m to -0.058 J/m.
Spring Potential Energy:
Introduction and Theory:

When dealing with springs, the restoring force of the spring is represented through Hooke’s Law:
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where k is the spring constant, and x is the change in distance of the spring from the equilibrium point.  The equilibrium point is determined by
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where m is a hanging mass, g is the gravitational constant, and x0 is the un-stretched length of the spring.  To determine the value of k, the slope of a graph of position versus mass will be
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where b is the value of the slope of the graph.  Solving for k, in order to determine the spring constant, the equation can be rewritten as
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By taking equation 1.1 and substituting in the equations for energy of a spring can be written as


[image: image17.wmf]ncgk

WUU

=D+D


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (0.5)

where 
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K is the change in kinetic energy, 
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Ug is the change in gravitational potential energy, and 
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Uk is the change in the potential energy of a spring, and where 
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where 
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is the final distance from the equilibrium point, and 
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is the initial distance from the equilibrium point.
Experimental Procedure:

We first determined the value of k for the spring that we had for the experiment.  We went about doing this by determining the “end” of the spring to be a knot in the rope.  From this, we added weight to the other end of the string that was on the pulley and measured the equilibrium point.  When we both measured the value, we got a value that varied by .3 cm and thus, determined that the uncertainty should be the difference in what we measured, making the uncertainty in the length of the spring .3 cm.  We began with a 50 g mass on the end of the string and incremented the mass by 5 g each time, and measured the equilibrium, until the mass on the string was 100 g.

After determining the spring constant, we took the spring and hanging mass system, see Figure 2, and we made the hanging mass 95 g.  We then took the mass up to the point were the spring was relaxed and measured this value, which was  , and the uncertainty of this measurement was again the difference in the values we determined the length to be, which was .3 cm.  We then released the mass and watched the spring reach its maximum length.  We then placed our fingers were we believed the maximum length of the string to occur, and recorded these values, we repeated this trial 4 times.  After we had all the data for all four trials, we took subtracted the lowest value from the highest value to determine the uncertainty of the maximum length of the spring, which was .8 cm.
Figure 2.

We then let the system come to rest to determine the equilibrium point for the 4 trials.  We then took the values for the equilibrium point, and averaged them to find that the equilibrium point was at 63.0 cm, and the uncertainty of .3, this value was determined again by subtracting the lowest value from the highest value to determine the uncertainty of the equilibrium point.
Analysis:

The spring constant k was determined by graphing the position of the spring versus the hanging mass.  See Graph 2 (attached).  The slope of the graph was .325.  The slope was used to determine the value by using equation 2.4.  
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The value of k is 30.2 ± .5 N/m.

In this experiment, the value for Ug to be the lowest point that the hanging mass reaches. The total change in energy of the system can be found by the equation
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By using the average stretched length of 88.9 cm and the unstrectched length of the spring to be 35.0 cm,
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The value of Ɛ is -.0768.  The uncertainty of Ɛ is determined to be
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The uncertainty in the mass is negligible because the value is so small, that it will not have an effect on the uncertainty of Ɛ.  Through the computational method, for uncertainty in the position
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For uncertainty in the spring constant
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The total uncertainty of Ɛ
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Therefore, the value of Ɛ = -.0768 ± .036

Conclusion:
My value for the rate of change of the energy in the system for the gravitational potential was -0.059 ± .001 J/m.  This is off of the accepted value for the system, because if all of the non-conservative forces are accounted for then the value of the total energy should be constant and should not vary with respect to time.  A possible reason for this error is the fact that the friction of the pulley was not accounted for, and also, the mass of the string was not accounted for, both of which are systemic errors that will affect the energy of the system.
For the experiment with the potential of a spring, my value for Ɛ was -.0768 ± .036.  This value is within two standard deviations of the accepted value of zero, and therefore agrees with the accepted value.  A possible random error, which would account for the difference, is that the mass may not have fallen perfectly straight down which would cause the values to change based off of how close the mass was to being perpendicular to the floor.  The mechanical energy is not conserved by the time the spring stops oscillating, because there is a small force of friction acting on the string because of the pulley, which will result in a removal of energy from the system, until the system comes to rest, and the energy will decrease.
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