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Work, Energy and Efficiency


Work, Energy and Efficiency
Work is a measure of energy transfer. In the absence of friction, when positive work is done on an object, there will be an increase in its kinetic or potential energy. In order to do work on an object, it is necessary to apply a force along or against the direction of the object’s motion. If the force is constant and parallel to the object’s path, work can be calculated using
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where F is the constant force and s the displacement of the object. If the force is not constant, we can still calculate the work using the average force. 
The work-energy theorem relates the work done to the change in energy as

W = (PE + (KE

where W is the work done, PE is the change in potential energy, and KE the change in kinetic energy.

In this experiment you will investigate the relationship between work, potential energy, and kinetic energy and use these quantities to evaluate the efficiency of energy conversions.
Problem
Using the work-energy theorem how is the efficiency of a cart and mass system affected by the mass of the system?
Materials

	Windows PC
	Vernier Motion Detector

	LabPro 
	Vernier Force Sensor

	Logger Pro 
	dynamics cart

	masses
	


Procedure

In this investigation you will push on the cart with the Force Sensor, causing the cart to accelerate. The Motion Detector allows you to measure the initial and final velocities; along with the Force Sensor, you can measure the work you do on the cart to accelerate it.

1. Connect the LabPro interface to the computer and plug it in. Connect the Force Sensor and Motion Detector to the LabPro interface. Ensure the Force Sensor is set to read the 10N scale. 

2. Open the experiment file Exp 18c for your Force Sensor. Three graphs will appear on the screen: distance vs. time, force vs. time, and force vs. distance. Data will be collected for 5 seconds.

3. Determine the mass of the cart. Record in the data table.

4. Place the cart at rest about 1.5 m from the Motion Detector, ready to roll toward the detector.

5. Click [image: image2.png]Zero




. On the dialog box that appears, click [image: image3.png]Zero all sensors




. Logger Pro will now use a coordinate system which is positive towards the Motion Detector with the origin at the cart.

6. Prepare to gently push the cart toward the Motion Detector using the Force Sensor. Hold the Force Sensor so the force it applies to the cart is parallel to the sensitive axis of the sensor.

7. Click [image: image4.png]I» Collect




 to begin data collection. When you hear the Motion Detector begin clicking, gently push the cart toward the detector using only the hook of the Force Sensor. The push should last about half a second. Let the cart roll toward the Motion Detector, but catch it before it strikes the detector. 

8. Examine the distance vs. time and force vs. time graphs by clicking the Examine button, [image: image5.wmf]. Identify when you started to push the cart. Record this time and distance in the data table.

9. Examine the distance vs. time and force vs. time graphs and identify when you stopped pushing the cart. Record this time and distance in the data table.

10. Determine the velocity of the cart after the push. Use the slope of the distance vs. time graph, which should be a straight line after the push is complete. Record the slope in the data table.

11. From the force vs. distance graph, determine the work you did to accelerate the cart. To do this, select the region corresponding to the push (but no more). Click the Stat button and record the mean force for the push. Record the value in the data table.

12. Save the graphs.

Data Table

	Trial 1
	Time (s)

Distance (m)

Start Pushing

Stop Pushing

(d (m)

Favg (N)

	Mass (kg)

Final velocity (m/s)



	Trial 2
	Time (s)

Distance (m)

Start Pushing

Stop Pushing

(d (m)

Favg (N)

	Mass (kg)

Final velocity (m/s)



	Trial 3
	Time (s)

Distance (m)

Start Pushing

Stop Pushing

(d (m)

Favg (N)

	Mass (kg)

Final velocity (m/s)
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