A Pair of Introductory Electrostatics Simulations
Objective: Students will examine static electricity phenomena in order to formulate basic principles of electrostatics. 

Everyone is familiar with the somewhat painful implications of electrostatics.  After quickly shuffling across the floor we accumulate a charge.  Often, the first we know of this development is when the charge rapidly leaves our body through contact with another object.  Charging by contact (and the ultimate discharge) is humorously portrayed in the following simulation starring John Travolta.

Select Travoltage from the Electricity, Magnets, and Circuits folder of the PhET site.
Have fun zapping JT.  Then answer the following questions:
1) Describe the charge distribution on JT prior to discharge.  (How much charge is there?  Where is it located?)
2) Compare charging and discharging.  What is the biggest difference?

3) Based on this observation, infer why discharge is often accompanied by pain, but charging is seldom even noticed.

4) Observe discharges at several arm positions.  Suggest a relationship between arm location and charge accumulation?  Evaluate the extremes to provide reasoning.  In other words, at what positions does discharge occur nearly instantly and at what positions does discharge not occur?
5) A standard electrical outlet will provide a voltage of 110V and is capable of killing a person.  A shock from static electricity can be measured in the tens of thousands of volts and seldom results in more than an annoyed sibling.  Attempt to explain this phenomena using the terms voltage and current.
Another common case of electrostatics is static cling.  An unruly balloon is used in the following simulation.
As you are most likely aware, charge can be described as either positive or negative.  When + or – charges are present in roughly equal concentrations, the object is said to be neutrally charged.  Large numbers of the negative particles (or electrons) can be transferred in certain circumstances from one neutral surface to another.  This generates an object with an excess of + charges and an object with an excess of – charges.  The following simulation illustrates the movement of both + and – charges and the resulting attractive and repulsive forces.
Return to the Electricity, Magnets, and Circuits folder and select the Balloon simulation.
6) Before playing with the balloon, how would you describe the charge and its distribution on the sweater, the balloon, and the wall?

7) Describe what happens when the balloon is rubbed against the wall.
8) Predict what will happen when the balloon is returned to the center of the room.  Confirm your prediction.
9) Describe what changes occur when the balloon is rubbed against the sweater?  (Consider changes to both the balloon and the sweater.)

10) Predict what will happen when the balloon is returned to the exact center of the room.  Confirm your prediction.
11) Formulate a hypothesis to explain this behavior.

12) Does this result fit your hypothesis?  If not, revise your hypothesis to accommodate this new data.

13) Use your hypothesis to predict what will transpire when the balloon is placed very near, but not touching the wall.

14) Run this experiment and sketch the result.
15) Revise your hypothesis to include this new observation.  You may want to address both how opposite charges interact and how like charges interact.

This shifting of charges on the neutral wall is called charging by induction.  Take a moment to experiment with a single balloon before proceeding to the next step.

Now reset the simulation and add a second balloon.  Rub each balloon against the sweater in order to acquire a small charge.  Return both balloons to the center of the room.  
16) Predict what will happen when you try to put the balloons in contact with each other.  
17) Do the results fit your hypothesis?  If not, revise your hypothesis to include the new observation.

18) What other new observations can you make with two balloons?
19) Based on your observations of the Travoltage and Balloon simulations, attempt to explain why you sometimes see flashes of light when removing a fleece jacket in a dark room.

