Pendulum Energy

Introduction

We have not described energy clearly yet, and we may never be able to give it a crisp definition.  But you should now begin to feel familiar with energy from our discussion of fuel and work.  In time, this acquaintance should mature into a clear understanding.  As with your understanding of other general concepts such as Justice, Kindness, Love, we may never be able to agree on a definition, yet you will rightly claim, "I know perfectly well what it means; I understand it."  For the present you should think of energy as something supplied by fuels, something that can be interchanged between several forms, and something whose interchange-amount is measured by FORCE multiplied by DISTANCE.  Work measures interchange of energy.   
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Task

Determine whether or not mechanical energy is conserved as a pendulum swings.

The length and mass of the pendulum will be held constant.

Tools and initial setup:
Simulation:  Run http://phet.colorado.edu/en/simulation/pendulum-lab
Choose a fixed mass and length to keep throughout the experiment.

Choose no friction initially.

Choose Earth.

Show energy of one.

Choose Other Tools to get a stopwatch and a tape measure.

Use the tape measure to obtain the diameter of the pendulum bob. (Right click on the simulation and choose Zoom In).

To determine the maximum speed of the bob, choose 1/16 time and use the stopwatch to measure the time it takes for the diameter of the pendulum bob to pass completely through the lowest point.

Report

1. Describe the methods used to examine the conservation of energy for the swinging pendulum. 
2. Provide free-body diagrams for the pendulum while it swings at positions of max speed and max amplitude.

3. Submit a table that includes mass of the pendulum bob (keep this mass constant for all trials), length of pendulum string (keep this length constant for all trials), and diameter of the pendulum bob.
4. Submit a data table that includes 6 different amplitudes and the corresponding times to pass through the lowest point of the swing.
5. Submit a calculations table that includes the vertical distance the bob falls, maximum speed of the bob, gravitational potential energy, kinetic energy, and change in total energy for the pendulum bob as it falls.

6. Create a plot of (maximum speed)2 vs. vertical distance the bob falls.  State the model that best fits the data, and provide a correlation coefficient.

7. State how confident you are in obtaining data with this simulation.  Include your reasons for any lack of confidence.

Analysis

1. When is the pendulum in equilibrium?  When is it not in equilibrium? 

2. What work is being done while the pendulum falls?

3. Compare the initial total energy to the final total energy.  Find a percentage difference.  

4. How well does the pendulum conserve mechanical energy at large amplitudes? At small amplitudes?

5. What physical quantity does the slope of the created plot represent?  Find a percentage error between your experimental value and an accepted value.

6. What is the direction of the acceleration of the bob at the lowest point in the swing?  (Show acceleration vector in the simulation.)  Calculate the accelerations for your 6 trials.
7. What is the direction of the net force on the bob at the lowest point in the swing?  Calculate the value of this net force for your 6 trials.

8. How can you determine the tension in the string for the bob at the lowest point in the swing?  Calculate the value of the tensions for your 6 trials.

9. Repeat a trial w/ friction of your choosing. Does the pendulum to continue to conserve energy?   What does the energy plot tell you?

Bonus (10 pts):  Repeat the experiment for Planet X and determine the acceleration due to gravity for that planet.














