Exploration Guide: Energy of a Pendulum

Name ____________________________  Period ______
Top of Form

Bottom of Form

As the audience stares upward, a trapeze artist steps from the platform and begins her downward swing. Faster and faster she travels, until she passes through the lowest point of her swing. As she begins to arc back upward, her motion slows. Eventually, she stops for an instant, and then begins to swing back in the other direction - speeding up as she travels lower and slowing as she rises to the platform. 

As the trapeze artist swings back and forth, energy is converted back and forth between potential energy and kinetic energy, yet the total energy of the system remains constant. This principle underlies the motion of oscillating systems as small as an atom and as large as a solar system. 

Energy Interchange in a Pendulum

In this activity, you will examine the interchange of energy that occurs during the swing of a pendulum. 

1. In the Gizmotm, be sure the mass of the pendulum bob (m) is set to 0.5 kg, the length of the string (L) is set to 2 m, the acceleration due to gravity (g) is set to 9.8 m/s2, and the angle (Θ) is set to 25 degrees. (To set a slider to a specific value, click on the number to the right of the slider, type the new value, and click Enter.) Click the BAR CHART tab to see the energies associated with the pendulum. Then click Play. 

1. Look at the bar representing the potential energy (PE) of the pendulum. Where in the motion of the pendulum does the potential energy reach its highest value? 

2. Where in the motion of the pendulum does the potential energy reach its lowest value? 

3. Potential energy is a measure of the potential for motion of an object, due to its position. Explain why the potential energy is positive when the pendulum is above ground level and why it is zero at ground level. 

4. 
5. Look at the bar representing the kinetic energy (KE) of the pendulum. Where in the motion of the pendulum does the kinetic energy reach its highest value?

6.  Where in the motion of the pendulum does the kinetic energy reach its lowest value? 

7. Kinetic energy is a measure of the motion of an object. Explain why the kinetic energy of the pendulum is greater at the bottom of the arc and zero at the ends of the arc. 

8. Total energy (TE) is the sum of potential energy and kinetic energy. Look at the bar representing the total energy of the pendulum while it is in motion. What do you observe? 

2. Click Reset (
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). With m set to 0.5 kg, L set to 2 m and g set to 9.8 m/s2, be sure that the BAR CHART pane is still visible. Select Show numerical values to see energy expressed in joules (J). Then click Play (). 

1. As the pendulum passes through its lowest point, click Pause ([image: image2.png]


). (If you have trouble pausing the Gizmo at the right moment, just click Play to restart the pendulum motion and try again.) What is the KE of the pendulum bob at the lowest point?

2.  What is its PE? 

3. What is its TE? 

4. Click Play to continue the simulation. As the pendulum reaches its highest point on either side of its swing, click Pause. What is the KE of the pendulum bob in this location? 

5. What is its PE? 

6. What is its TE? 

7. Click Play to continue the motion once again. Estimate the PE, KE, and TE of the pendulum in between its highest and lowest points. Use the Gizmo to check your expectations. 

3. Click Reset. With m set to 0.5 kg, L set to 2 m and g set to 9.8 m/s2, click on the GRAPH tab. Be sure that PE is checked and KE and TE are unchecked. Click Play. 

1. The GRAPH pane displays a graph of the potential energy of the pendulum bob over time. Take a photo of this graph and paste onto a new word document.
2. When the PE is at its highest value, where is the pendulum bob? 

3. What about when the PE is at its lowest value? 

4. Click Reset and then click Play again. After about 3 seconds, click Pause. What would you expect the graph of kinetic energy over time to look like?

5.  (Hint: When KE is high, is PE high or low?
6.  When KE is low, is PE high or low?) Check KE to check your expectations. Add this graph to your word document. 

7. You should have noted earlier that the total energy, TE, is constant for a swinging pendulum. What do you expect the graph of TE to look like? Select TE to see the graph in the Gizmo. Add this graph to your word document. 

Factors Affecting Total Energy in a Pendulum

In this activity, you will examine the effects of various factors on the total energy of a pendulum. 

1. Click Reset. Be sure that you have set m to 0.5 kg, L to 2 m, and, on the DESCRIPTION pane, Θ to 25 degrees. Then return to the BAR GRAPH pane and select Show numerical values. 

1. With g set to 9.8 m/s2, click Play. What is the total energy of the pendulum? 

2. Click Reset and change g to 19.6 m/s2. (You have just doubled the force of gravity!) Click Play. 

3. What is the total energy of the system in this case? 

4. How does this compare to the total energy when g was 9.8 m/s2? 

5. What would you expect the total energy to be if g were 29.4 m/s2? 

6. Use the Gizmo to check your answer. 

2. Click Reset and return g to its original value of 9.8 m/s2. In the same way that you explored the effect that varying g has on the total energy of the pendulum, explore the effect that varying m has on the total energy of the system. 

1. Explain in your own words how the mass of a pendulum affects the total energy of the pendulum. 

2. What would you expect the total energy of the pendulum to be if you were to hang a 2 kg mass on the string? 

3. Explain why. 

3. Click Reset. Set m to 0.5 kg, L to 1 m and g to 9.8 m/s2. On the BAR CHART pane, click - once to zoom out. Click Play. 

1. What is the minimum value for the potential energy? 

2. Why is the minimum value not equal to 0? (Hint: Even at the lowest point on the arc, what would happen if you cut the string?) 

3. What is the total energy for this pendulum? 

4. What is the highest value of the KE? The lowest? 

5. Where on the arc do those occur? 

6. What is the highest value for the PE? 

7. The lowest? 

8. Where on the arc do those occur? 

9. What do you expect the graphs for potential energy, kinetic energy, and total energy to look like for this pendulum? 

10. Sketch your hypothesis. 

11. Click the GRAPH tab and select PE, KE, and TE to confirm your expectations. Adjust your sketch if necessary. 

4. Click Reset. Set m to 0.5 kg, L to 2 m and g to 9.8 m/s2. Click on the DESCRIPTION tab to find the Θ slider, which controls the initial angle from which the pendulum will be released. 

1. Do you think that a pendulum released from an angle of 40 degrees will have more total energy, less total energy, or the same total energy as a pendulum released from an angle of 25 degrees? 
2. Explain why. 

3. Use the Gizmo to test your hypothesis. What did you find? 

4. How do you think total energy of a pendulum released at 25 degrees will compare to total energy of a pendulum released at 10 degrees? 
5. Test your hypothesis with the Gizmo. 
