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Discrepant Event:

Balloons & Static Electricity-

A Love/Hate Relationship

Introduction:

The following experiment will help students understand electrostatic phenomena using the particle theory model. The experiment uses a modified POE model, in which a couple of introductory demonstrations and explanations are used to lead into the discrepant event.

Materials:

· 4 – 9” balloons

· matches

· 1 pith ball

· Insulated stand

· Ebonite rod

· Confetti

· 2 metres of sewing thread

Safety Concerns:

There are really no safety concerns for this event. The only precaution to take is to be careful when using matches in the classroom.

Curriculum Connections:

This discrepant would be used most appropriately at the Senior 1 Science level.  In particular, it relates to Cluster 3: Nature of Electricity.  The specific learning outcomes that pertain to this demonstration are:

S1-3-01 

Demonstrate evidence for the existence for the existence of two types of charge.

S1-3-03 

Explain how a discrepant event can be used to evaluate the particle model of

electricity.

Include: the attraction of neutral objects to charged objects.

S1-3-05

Investigate and explain electrostatic phenomena using the particle model of electricity.

Include: conservation of charge, conduction, grounding, attraction of neutral insulator, induction.

S1-3-07

Construct one or more electrostatic apparatus and explain how they function using the particle model electricity.

Include: pie-plate electrophorus.


Procedure:

Steps 1 through 5 will be set up before the class.

1. Pour a small amount of confetti into three balloons. Blow up and tie off each balloon.

2. Take two of the balloons and tie one to each end of the two-metre length of thread. 

3. Suspend the two balloons from the ceiling, so that they are hanging with equal lengths of thread.

4. Charge the two hanging balloons by rubbing them with the fur and allow them to come to rest.  The set up should appear as in Figure 1.

5. Set up pith ball and insulated stand as seen in Figure 2.


Figure 1.





          Figure 2.

6. Ask the class “What happens when you rub a balloon on someone’s head and then slowly take it away?”  Then ask “Why does this happen?”

Target response: The hair sticks to the balloon.  Static electricity is produced.

7. Get a volunteer with long hair and rub a balloon on their head.  Slowly pull the balloon away to show the attraction of the hair and balloon.

8. Explain the result as shown in the theoretical background below.

9. Pith ball demonstration. Place the uncharged ebonite rod near the uncharged pith ball to demonstrate that there is no attraction.

10. Charge the ebonite rod by rubbing it with the fur and place it close to the pith ball.  Have students observe what happens.

11. Touch the charged ebonite rod to the pith ball. Ask the students “What did you see happen?”

Target response: The pith ball was attracted to the rod and stuck to it. Then the ball was repelled away from the rod.

12. Ask the students “Why is the pith ball now repelled by the rod?”

Target response: They both have the same charge.

13. Explain the event to the students according to the theoretical background below.

14. Charge the one balloon that is not tied up by rubbing it with the fur. Ask the students “What did you notice happen?” and get them to explain their answer.

Target response: The balloon became negatively charged and attracted the positively charged confetti to its inside.

15. Ask the class what they observe about the two suspended balloons and have them explain their answer.

Target response: The confetti has become attracted to the insides of the balloons.  The balloons are repelling one another because they possess the same charge.

16. Take the balloon from Step 14, and ask the class what they think will happen if we bring it close to the two balloons hanging from the ceiling. 

Target response: Since they are all the same charges, they should all repel one another.

17. Ask the class “What do you think will happen if a match is struck underneath the balloons?”

18. Make note of the students’ predictions.

19. Light the match and hold it about 12 inches below the balloons.

20. Ask the students what they observed.

Target response: The balloons dropped and came together.

21. Tell the students that the negative charges that existed between the balloons have been neutralized. Demonstrate that the balloons are neither attracted nor repelled by one another.  One way this can be done is by bringing the “loose” balloon close to the hanging balloons.  

22. Share with the student with theoretical background of why this takes place.

Theoretical Background:

Balloon and Hair Demonstration
Observation:

When the balloon was rubbed on the student’s hair and then slowly taken away, the hair was attracted to the balloon and stuck to it.

Explanation:

Static electricity was produced.  Static electricity is a stationary electrical charge that occurs when electrons accumulate on an insulated body due to friction.  When two objects are rubbed together, electrons are transferred from one object to the other.  This creates a charge imbalance.  One object loses electrons and becomes positively charged, while the other object gains electrons and becomes negatively charged.  Remember, electrons are negatively charged particles.

Like charges always attract and unlike charges always repel.  By rubbing the balloon on the student’s hair, the hair becomes positively charged (loses electrons) and the balloon becomes negatively charged (gains electrons).  When the balloon is slowly pulled away, some hair sticks to the balloon.  This is because there is an attraction between the negatively charged balloon and the positively charged hair.

Pith Ball Demonstration
Observation: 

When the rod was brought close to the pith ball, there was an attraction. As the rod was touched to the pith ball, they momentarily stayed together and then the pith ball was repelled. 

Explanation:

The pith ball is neutral and as the negatively charged rod is brought close, the molecules within the ball are reoriented so their electrons will move away from the negatively charged rod (the electrons crowd the far side of the pith ball.  See Figure 3.



                               



    

Figure 3.

This creates an imbalance of charge on the pith ball.  Even though the pith ball remains as a neutral object, there is now a net positive charge on the side of the ball closest to the rod and a negative charge on the side farthest from the rod.  This causes the pith ball to be attracted to the rod.  Since there has been no contact between the bodies, there has been no actual transfer of electrons.  There has only been a temporary rearrangement of the molecules.  This is known as electrostatic induction.  The charged rod has “induced” a charge on the pith ball.  Once the charged rod is removed, the molecules return to their normal state.  The pith ball no longer carries the charge and collapses to its resting position.

When the negatively charged rod is touched to the neutral pith ball, a channel through which electrons flow is established (positive charges do not move, only negatively charged electrons).  Electrons from the rod move to the pith ball giving the pith ball an excess of negatively charged electrons (a net negative charge).  See Figure 4.  This is known as electrostatic conduction. Now that both the rod and the pith ball have the same negative charge, they repel each other.               See Figure 5.












         Figure 4.




          Figure 5
An interesting aside is that it was Benjamin Franklin who named the two kinds of charges.  He arbitrarily called the charge produced on rubber when rubbed with fur negative and the charge produced on glass when rubbed with silk positive.

Balloon and Match Demonstration
Observation:

When the match was lit, the balloons collapsed together to a resting position.

Explanation:

At the beginning of the demonstration, all three balloons are negatively charged.  Like charges repel each other, so the hanging balloons appear as in Figure 1.  As the third negatively charged balloon is brought close, the hanging balloons separate even further. 

The striking of the match generates both positive and negative charges.  These charges rise up in the heat of the flame.  The positive charges generated are opposite from the balloons’ net negative charge and are attracted to them.  This has the effect of neutralizing the balloons’ net charge.  Since the net negative charges that existed between the balloons has been neutralized, the balloons no longer repel one another and are free to drop down into a resting state.  The negative charges generated by striking the match are repelled from the negatively charged balloons’ and dissipate.

How this discrepant event create disequilibrium for the students:

Two portions of this lesson may cause student disequilibrium.

Pith Ball Demonstration

When the rod touched the pith ball, students may think that the pith ball will stay attracted to the rod, rather than be repelled by it.

Balloon and Match Demonstration

When the match is lit under the balloon, there are a few scenarios that students may incorrectly predict will happen.  They may simply think that no change will occur.  They also may think that the balloons will pop from the heat of the match.  Another misconception students may have is to think that the balloons collapse and fall down together because they become attracted to each other.

Conclusion:

Electrical force is so pervasive that it is difficult to identify aspects of the world that are not in someway affected by it.  We have all had experience with static charges, but few understand the underlying mechanisms behind electrostatic phenomena.  The activities contained within this lesson help “spark” interest in learning more about electricity. They are designed to provide students with foundational information regarding the principles governing these interactions.
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Electrons flow from the rod to the pith ball.








Electrons on the pith ball move away from the negatively charged rod.





The pith ball now has a net negative charge and is repelled.








