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Graham Sereda and Hillary Johnson

A Shocking Experience
Materials 

1. Aluminum Pie Plate

2. Styrofoam Pie Plate

3. Styrofoam coffee cup

4. tape

5. piece of fur or wool

Safety Points


It is important to tell the students that they will be receiving a small shock. (ie students may have a pacemaker)

Connection to the curriculum
This discrepant event deals with cluster 3 of Senior 1 science: The Nature of Electricity. It is a good way to demonstrate charge and can be explained using the particle theory. 

S1-3-01 (Demonstrate evidence 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. 
S1-3-05 ( Investigate and explain electrostatic phenomena using the particle model of electricity. 

S1-3-07 ( Construct one of more electrostatic apparatus and explain how they function using the particle model of electricity

Presentation

1. Place the aluminum plate on the table open end up.

2. Use tape to attach the styrofoam cup to the inside of the plate, open end down. This will be your insulated handle.

3. Place the styrofoam plate upside down in the middle of the table and tape it down so it is secure. 

4. Rub the styrofoam plate with wool or fur to leave a negative charge on the plate
5. Using the cup handle on the aluminum plate, lower the plate to within a couple of centimeters of the styrofoam plate, making sure they do not touch. 

6. Touch the rim of the aluminum plate with your finger. 
7. Ask the students what they observe.

8. Have them take the plate away from the styrofoam plate, and try touching the rim of the aluminum plate again. 

9. What do they observe now?

10.  Tell the students that they do not need to continuously charge the styrofoam plate, as it is an insulator it should hold its charge for a long time.     

Theoretical Background

To understand this demonstration, we have to first define a few terms. An insulator is a material that inhibits electric current, and a conductor is a material in which electric current flows easily. The particle model of electricity is the current theory that we use, and explains many electrical properties better than its predecessor, the fluid model. 

In the particle model, electric charge is seen as having a certain amount of charge being the smallest charge possible. This amount of charge is characterized in two fundamental particles: the proton (positive charge), and in the electron (negative charge). Other charges exist (ie. positron, anit-proton), but the proton and electron are the most common. 

A charged object is an object that has more of one kind of charged particles than the other. A charged object attracts objects of opposite charge (ie. positive attracts negative), and repels objects of the same charge. When a charged object is brought near a neutral object, the charged object causes the object to experience an effect called polarization: the positive charges become concentrated in half of the object, and the negative charges are concentrated in the other half. So when a negatively charged object is brought near a neutral object, the negative charges leave the side closest to to the negative object, because of the repulsion between the two negatives. This means that the side closest to the negative object has an overall positive charge. This means that the two objects experience an attractive force towards each other. There is also the repulsion between the two negative areas, but since they are further apart than the positive and negative areas, this force is not as large. Therefore, the overall force is towards each other. 

When the two objects touch, however, an interesting effect can happen: the two objects are then repelled. This is because when they come into contact, the charges from one object flow into the other. This may result in both objects becoming the same charge, which causes them to repel. 

The effects observed with the electrophorus are easily explained using the particle model as well. When an insulator is rubbed, it builds up a negative charge on its surface (called static electricity). Since the material is an insulator, the charge is not easily moved, except through outside influence. This process occurs in styrofoam, as it is an insulator. When the pie plate is placed on top of the negatively charged styrofoam, the electrons flow from the styrofoam into the pie plate by the polarization process described above. The electrons cannot leave the pie plate, since there are insulators on all sides (air is an insulator). Since the human body is a conductor, when someone touches the pie plate, there is a spark as the negative charges leave the plate and enter the person. 

A neon bulb can be made to glow, just by bringing it near the electrophorus. This happens because the current (number of electrons per second) required to light the bulb is relatively low. Even though air is an insulator, it still lets some electrons pass through it as long as the voltage (potential difference between the two contacts of the bulb) is high enough. This is also a reasonably low number; therefore, with the right adjustment to the setup, the bulb glows without using an outlet. 

How the event creates disequilibrium

Many students will be confused about why a neutrally charged object is attracted to a charged object; as shown above, this has a fairly simple explanation, but will still cause some confusion. As well, the electrophorus can be continually discharged and recharged, just by lifting it off the styrofoam and touching it again. This also has a simple explanation: when the electrophorus is discharged, it is left with a positive charge which is polarized to the side where the styrofoam is. When the electrophorus is removed, this charge flows through the entire metal area. The plate can then be touched for the second discharge; this time, the electricity flows from the person to the electrophorus, rather than the other way around.
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