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Work-Energy Theorem and Conservation of Mechanical Energy

Introduction

The Work-Energy Theorem states that the work done by the net force on an object is equal to its change in kinetic energy. In mathematical terms, the Work-energy Theorem can be expressed as
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. This theorem provides a direct link between the net force acting on an object and its energy. Furthermore, it provides an alternative method to studying the dynamics of a system that would be too difficult to treat with Newton’s 2nd law.

A consequence of the Work-Energy Theorem is the law of Conservation of Mechanical Energy. This law states that the total initial energy (the sum of the initial kinetic and potential energy) of a system equals the total final energy (the sum of the final kinetic and potential energy) of the system as long as all forces involved are conservative. The law is not only true for one particle, but also a system of particles. 

In this experiment, you will study the Work-Energy Theorem and the Law of Conservation of Mechanical Energy applied to a cart pulled by a falling mass. 

Procedure

Equipment Needed

•
Science Workshop™ Interface

•
Motion Sensor

•
Force Sensor

•
Dynamics cart

•
Dynamics track

•
Pulley

•
Mass attached to a string


•
Support rod and table clamp

•
Elec. balance

•
Level

1. Open the experiment file titled as shown: WorkEnergy.ds.
2. Set up the system as shown in the figure below. Use a string that is 20-40 cm longer than the length needed to reach the floor when the cart is next to the pulley. Mount the motion sensor on the end of the track. The hanging mass should be about 100g (about 105g including the hanger). Make sure that the track is level.
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3. Adjust the height of the pulley so the string is parallel to the track. Make sure that the mass hanging over the pulley is past the edge of the lab bench. This will keep the mass from banging into the lab bench.
4. Put the cart at the starting point on the track. The starting point from the back of the cart to the motion sensor should be greater than 15cm. Make sure you Tare the force sensor before hanging the mass over the pulley. Click Start. 

5. Release the cart so it moves down the track. Stop the cart when it closes to the pulley. Don’t let the cart slam into the pulley. Data recording will stop automatically. 

6. “Run #1” will appear for each type of measurement in the Data list of the Summary. An entry will appear on the graphs of Force vs. Distance and Speed vs. Distance.

7. Repeat your run two or three more times to check for consistency.

8. Choose the run that satisfies you, and use the Smart Cursor to select two points on the graph of Speed vs. Position for your initial and final position and velocity. Also select the corresponding area on the graph of the Force vs. Position for the work done by the tension on the cart. Record all the information in Data section. Print your graph and attach it to your report.

9. Check your results for accuracy by completing the calculations described in the ANALYSIS section. 

Theory

1. Given a conservative force, how do you determine the change in potential energy?
2. Given a potential energy function, how do you determine the associated conservative force?

3. Derive the Law of Conservation of Mechanical Energy starting from the Work-Energy Theorem. State any assumptions.

4. Suppose that there are two masses involved in a system. Then we must include the kinetic and potential energies of both masses in the above equations. Assuming the two masses have different values of K and U, write a very general expression of the Law of Conservation of Mechanical Energy for a system of two particles.

5. Derive explicit expressions for the work done on the cart of mass M1 and the falling object of mass M2 in terms of the forces acting on each ((ignore friction).  Add these two equations to determine the work done on the system (both masses).
DATA

Mass of cart, and force sensor, M1 (g)

       831.50g

Mass of hanging weights, M2 (g)





Initial Position, X1(m) 

and Speed, V1(m/s)

Final Position, X2 (m) 

and Speed, V2 (m/s)

Work done on cart by tension, WT (Nm)

Analysis

1. Use the data you recorded above, calculate kinetic energy and kinetic energy change for the cart, and compare the kinetic energy change with the work done by the tension on the cart, calculate the percentage difference between the two values. Show your work for all calculations below (this will make it easier for you to find sig. fig. errors).
Table 1

	Initial Kinetic Energy of Cart, K1 (J)
	Final Kinetic Energy of Cart, K2 (J)
	Change in Kinetic Energy of Cart, ∆K (J)
	Work done by Tension,            W(J) 
	Percent Diff

(W-∆K)x100%

0.5(W+∆K)

	
	
	
	
	


2. Use the data you recorded in the data section, calculate the kinetic energy and kinetic energy change for the system. Calculate the potential energy change for the system. Then calculate the percent difference between the two values. Show your work for all calculations below (this will make it easier for you to find sig. fig. errors).

Table 2

	Initial Kinetic Energy, KiT (J)

KiT=Ki1+Ki2
	Final Kinetic Energy, KfT (J)

KfT=Kf1+Kf2
	Change in Kinetic Energy, ∆KT (J)
	Change in Potential Energy,  ∆UT (J)
	Percent Diff

(|∆UT|-∆KT)x100%

0.5(|∆UT| +∆KT)

	
	
	
	
	


Questions 

Answers must be in complete sentences.

1. Within experimental error, how does the work done on the cart compare with its change in kinetic energy? Does your data agree with the Work-Energy Theorem?  Discuss possible causes for any discrepancies?

2. Would you expect that the causes of discrepancies discussed in Question 1 would make W1>(KE1 or W1<(KE1? Explain.
3. Within experimental error, was energy conserved in this experiment? Explain
4. If tension is a non-conservative force, why is energy conserved in this experiment?

Experiment 
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