Exploration Guide: Pith Ball Lab
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Have you ever tried rubbing a balloon in your hair and "sticking" it to the wall? If so, you have seen electrostatic force between charged objects opposing gravitational force. 

The effects of electrostatic forces were observed by ancient Greeks as early as 600 B.C., but it took over two thousand years to find an explanation of the effect. Basing his work on Newton's theory of gravity, Joseph Priestly first proposed a theory of electrostatic attraction and repulsion in the 1760's. His solution was experimentally confirmed by Charles Coulomb, and is now known as Coulomb's law. 

Measuring Electrostatic Force

In this activity, you will experiment with the variables that change the balance of forces on two pith balls. Pith balls are small and made of a cork-like materials. They are lightweight and coated with a conductive material such as graphite. 

1. In the Gizmo™, be sure you have the following settings: the mass of the pith balls, mass = 50 grams; the length of the string, L = 0.50 m; gravity, g = 9.8 m/s2; and the charge on both pith balls, q1 = q2 = 0.0 × 10−6 C, which stands for Coulombs. (To quickly set a slider to a certain number, type the number in the field to the right of the slider and hit Enter.) 

1. Observe the two pith balls. What force is pulling each ball downward?

2.  What prevents the balls from falling to the ground? 

3. Newton's first law of motion says that if an object is at rest, the forces on it must be balanced. Based on Newton's first law, how does the magnitude of the force of gravity, Fg, on each pith ball compare to the magnitude of the tension force, T, in the string attached to it? 

4. Turn on the Show force vectors and magnitudes checkbox to confirm your answer. The red vector (arrow) represents T, the tension in the string. The purple vector represents Fg, the gravitational force. The magnitudes of each force are shown below the checkbox. 

5. Set the charge on the right-hand pith ball, q2, to 6.0 × 10−6 C. Were there any changes to the positions of the pith balls? 

6. Look at the value of the electrostatic force (Fq) at bottom. What is the force between a charged object and an uncharged object? 

7. Set the charge on the left-hand pith ball, q1, to 6.0 × 10−6 C. Notice that the pith balls are pushed apart. When two charged objects are close together, an electrostatic force is generated. What is the magnitude of this force?

8.  In what direction does the electrostatic force act on each pith ball? 

9. Slowly increase the charge on the right-hand pith ball by dragging the q2 slider to the right. What happens to the two pith balls as you do this?

10.  How does the electrostatic force between them change? 

11. Now that the charges on the two pith balls are not equal, are the electrostatic forces on the balls equal? 

12. Explain how you can see this in the Gizmo. 

13. Next, slowly reduce the charge on the right-hand pith ball using the q2 slider. (Keep q2 positive.) What happens to the two pith balls as you do this?

14.  How does the force between them change? 

2. The equation used to calculate the electrostatic force between two point charges is called Coulomb's Law: 


1. Set q1 to −3.8 × 10−6 C and q2 to 3.8 × 10−6 C. In what direction does the electrostatic force act on the left-hand pith ball? 

2. On the right-hand pith ball? 

3. Compare the magnitude of Fq for this situation to the magnitude you determined in step 1d, when the charge of each ball was set to 6.0 × 10−6
4.  C. Based on Coulomb's Law, why do you think the magnitude of this force is greater now, even though the charges of each ball are less? 

3. Turn off the Show force vectors and magnitudes checkbox, and turn on Show geometric dimensions. Set q1 = 2.8 × 10−6 C, and q2 = −4.0 × 10−6 C. Use Coulomb's Law to calculate the force (Fq) based on the charges and distance (R). Check your answer by turning on the Show force vectors and magnitudes checkbox. Were you correct? 

4. If not, go back and correct your work. 

5. Try another example of your own choosing. Turn off the Show force vectors and magnitudes checkbox, select your values for q1 and q2, and use Coulomb's Law to calculate Fq. Then use the Gizmo to check your answer. 

Balancing Forces

In the first activity, you discovered that the position of the pith balls depended on the balance of three forces: the electrostatic force, gravity, and the tension of the string. Now you will find the relationship among these forces. 

1. Turn off the Show force vectors and magnitudes checkbox. Set the charge on the left-hand pith ball, q1 = 14.1 × 10−6 C, and the charge on the right-hand pith ball, q2 = 14.1 × 10−6 C. Turn on the Show angle checkbox. Notice that the angle, θ = 45.08°. 

1. How big is the electrostatic force (blue arrow) compared to the gravitational force (purple arrow) on each pith ball? 

2. Turn on the Show force vectors and magnitudes checkbox to check your answer. 

3. Notice that the magnitude |T| of red tension vector, T, (red arrow) is larger than either the gravitational force or electrostatic force. Because it is acting at an angle, you can think of it as having a horizontal component Tx, and a vertical component Ty. Since the pith ball is not moving, the forces on it must be balanced. What force opposes the horizontal component, Tx?

4. What force opposes the vertical component, Ty? 

2. Turn off the Show angle and Show force vectors and magnitudes checkboxes. Check that Show geometric dimensions is still on. Set the charge on both pith balls, q1 = q2 = 6.0 10−6 C. 

1. Use Coulomb's Law to calculate Fq, the electrostatic force between the pith balls. 

