Exploration Guide: Coulomb Force (Static)

Name ______________________________  Period _______

Top of Form

Bottom of Form

Try this experiment: Rub an inflated balloon on a friend's head, and then slowly lift it up. You might notice your friend's hair lifting up with the balloon, as if the hair is attracted to the balloon! What you are witnessing is the effect of static electricity. 

The atoms that make up the balloon and your hair contain negatively-charged electrons orbiting around a nucleus of positively-charged protons and neutrally-charged neutrons. When a balloon is rubbed on hair, some of the electrons from the hair are transferred to the balloon. This gives the balloon a net negative charge, and the hair is now positively-charged. The positively-charged hair is now strongly attracted to the negatively-charged balloon. 

The French physicist Charles Coulomb studied forces experienced by charged objects in the late 1700s. After much experimentation, he determined the relationship between force, charge, and distance, now called Coulomb's Law. The unit of charge is called the Coulomb (C) in his honor. 

Interactions between Charged Particles

In this activity, you will use the Gizmo™ to explore the relationships between charge and force. 

1. On the Gizmo, click Show force vector for charge A and Show force vector for charge B. The forces on each charge are represented by the purple and green arrows. The charges of each particle, qA and qB, are shown below the particles. Check that each charge is set to 10.0 • 10−4 C. 

1. Observe the arrows representing the Coulomb force between the charges. Do you think this represents an attractive or a repulsive force? 

2. Change the charge of particle A (qA) to -10.0. (To change qA, type a value in the field next to the slider and hit Enter.) You now have a positive and a negative charge (as in the "hair and balloon" experiment). What effect does this have on the arrows? 

3. Is this an attractive or repulsive force? 

4. Change the charge of particle B to -10.0. What kind of force is experienced by two negative charges? 

5. You can model this by rubbing two balloons and slowly bringing them together. 

6. Change the charge of particle A back to +10.0. As a rule, what kind of force will result when charges are opposite? 

7. What kind of force will result when the particles have the same charge? 

2. Change the charge of particle A to 0.0. A particle with zero charge is neutral. 

1. What happens to the force arrows? 

2. What is the force between a charged particle and a neutral particle?

3.  Try several values for particle B to see if this is always true. (Note: In reality, neutral objects are composed of charged particles. If you bring a charged object near a neutral object, the charged particles within the neutral object will rearrange themselves in a process called polarization. This results in an attractive force between the charged object and the neutral object that is not shown in the Gizmo.) 

3. To see the magnitude of the Coulomb force, click Show vector notation for particle A and particle B. The magnitude of the force (in Newtons) is written |FA| or |FB|. Set each charge to 10.0 • 10−4. Click Show distance and Show grid, and drag the particles together until the distance between them is 30 m. 

1. What is the Coulomb force on particle A? 

2. What is the force on particle B? 

3. Drag the particles around. Are the forces on particle A and B always equal to one another? 

4. Before altering the charges, write a hypothesis in your notes. What do you think the force will be if one of the charges is halved? When you have written your prediction, change the charge of particle A to 5.0 • 10−4 C and press Enter. 

1. What is the force on the particles now? 
2. Does this agree with your hypothesis? 

3. Change the charge of particle B to 5.0 • 10−4 C. What is the force now? 

4. Try several other combinations of charges. (Stick with whole numbers so it is easier to see the relationship.) What pattern do you see? 

5. Based on your observations, write an equation for Coulomb force when the distance is 30 m. 

Distance, Charge, and Force

In this activity, you will investigate how the force between charged particles varies with distance. 

1. Set the charges of each particle to 10.0 • 10−4 C, and check that the distance between the particles is 30 m. Note the force. 

1. Before changing the distance, write a hypothesis. What do you think the Coulomb force will be if the distance is halved? 

2. After you have written your prediction, drag the particles so that the distance is 15 m. Notice that the force arrows now go off the screen. What is the magnitude of each force vector now?
3.  Does this agree with your hypothesis? 

4. Use the  data table below. For each given distance, write the factor that the original distance of 30 m was multiplied by under Distance Factor. (For example, 15 m is 1/2 of 30 m.) 


5. Use the Gizmo to find the Coulomb force for each distance. Then, calculate the Force Factor for each force. The Force Factor is the number that the original force of 10 N was multiplied by. For example, if the force is 40 N, the force factor is 4. 

6. Is there a pattern to your data? 
7. What is the mathematical relationship between the Distance Factor values and the Force Factor values for each distance? 

2. Challenge: Based on your data, write an equation relating the Coulomb force to the distance when both charges are set to 10.0 • 10−4 C. 

3. Coulomb's Law gives the following relationship between force, charge, and distance. 
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where 

   F = Coulomb force (in Newtons) 

   k = electrostatic constant (in Nm2/C2) 

   qA, qB = charge of particles A and B (in Coulombs) 

   d = distance between the particles (in meters) 

a. How is Coulomb's equation similar to the two equations you created? 

b. According to Coulomb's Law, is force directly or indirectly proportional to charge?
c.  How about distance? 

