Exploration Guide: Potential Energy on Shelves
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The water wheel was a popular source of power in colonial America. The water in the millpond, artificially raised by building a dam, has energy because it is higher than the water at the base of the water wheel. 

As the water falls through the water wheel to a lower level, it loses this "energy of position." The energy is captured by the wheel (the wheel turns) and can be used for a variety of purposes, from grinding grain to sawing lumber. 

Today we use the same principles in our giant hydroelectric dams, in which water falls through turbines. The energy lost by the water as it falls is converted into electrical potential energy that powers our modern society. 

Calculating Gravitational Potential Energy

In this activity, you will discover factors that affect gravitational potential energy. You will also calculate the gravitational potential energy of several objects at different locations. 

1. The Gizmotm contains a wad of paper, some paper clips, and a ball. These objects can be placed on a shelf, or on the floor. If they are not already in position, drag the paper wad to the shelf 4 m above the floor, the clips to the shelf at 2 m, and the ball to the floor (height 0 m). Click on the TABLE tab. The table shows the x and y positions of the objects, and the gravitational potential energy (PE) of the objects, in joules (J). 

1. What is the potential energy of the ball? (Note: When talking about gravitational potential energy, you always have to decide what is the "zero position," where an object has no potential energy. In this case, it makes sense for the floor to be the zero position.) 

2. What is the PE of the paper as it rests on the shelf 4 m above the floor? 

3. Click the BAR CHART tab to see the PE of the objects in real time. Select Show numerical values. Grab the paper and drag it upward. What happens to the PE of the paper? 

4. Drag it downward. What happens to the PE of the paper in this case? 

5. Drag the paper back and forth (to the left and right) a few times while trying your best to keep the paper at the same height. What happens to the PE of the paper? 

6. What effect does the horizontal position of an object have on the PE of the object? 

7. What is the PE of the clips on the shelf at 2 m? 

8. Drag the clips to the shelf at 4 m. What is the PE of the clips now? 

9. How did the PE change when the height of the clips above the floor was doubled? 

10. What would you expect the PE of the clips to be if they were placed on the shelf at 1 m? Use the Gizmo to test your expectations. 

2. Drag all three objects to the shelf at 2 m. Select either the TABLE pane or the BAR CHART pane. If you choose to use the bar chart, be sure Show numerical values is selected. 

1. What is the gravitational potential energy of the three objects? 

2. An object's gravitational potential energy is directly proportional to its mass. Which object has the greatest mass? 

3. Which has the smallest mass? 

4. How can you tell? 

5. The gravitational potential energy of an object is equal the product of its mass, acceleration due to gravity, and the object's height above the "zero position." This is expressed as PE = mgh (g = 9.8 m/s2 on Earth). For each object, substitute the values that you know into PE = mgh. Then divide to solve for m. What are the masses of the three objects? 

6. What will the PE of the clips be if they are placed on the shelf at 5 m? What will the PE of the paper be if it is placed on the shelf at 3 m? Use the Gizmo to check your expectations. 

Gravitational Potential Energy and Work

In this activity, you will use changes in the gravitational potential energy of an object to find the amount of work that forces other than gravity perfomed on the object. 

1. Place the ball on the 1 m shelf. 

1. What is the PE of the ball at this location? 

2. Move the ball to the 4 m shelf. What is the PE of the ball in this location? (If you are looking at the bar chart, you may need to click - once to zoom out from the graph.) 

3. How much did the PE of the ball change? This is equal to the amount of work done (not by gravity) to move the ball from one position to the other. The work done in this case is positive, because the ball was moved upward (opposite the direction of the force of gravity). 

2. Place the clips on the 5 m shelf. 

1. What is the PE of the clips at this location? 

2. Move the clips to the 3 m shelf. What is the PE of the clips there? 

3. How much work did forces (other than gravity) do in lowering the clips? Do you think this value is positive or negative in this case? 

4. Why? 

3. Place the paper on the 2 m shelf. 

1. What is the PE of the paper at this location? 

2. Move the paper to the 5 m shelf, then back to the 2 m shelf. What is the PE of the paper after it returns to the 2 m shelf? 

3. What was the net change in the PE of the paper after its round trip? 

4. What was the total work done on the paper by non-gravitational forces during this round trip? 

