Laboratory for Elementary-Particle Physics 
Lora K. Hine



NYS Physical Science Content Standard 4.4f:  Without touching them, material that has been electrically charged attracts uncharged material, and may either attract or repel other charged material.
Materials:

Van de Graaff generator



Spare AA batteries
Styrofoam peanuts




Neon bulb
Plastic container (shallow)


String
Florescent bulb 




Vinyl/Wool material
Electrostatic Pompon 



Mini-plasma ball
2 PVC rods (3/4” x 6”)



1 Plexiglas rod (3/4” x 6”)
Soda can





Balloons

Each group 2-3 students need:

*Static Electricity Kit

· Static Electricity Kit contains: wool material (black), vinyl material (clear) string, balloons, an aluminum soda can, transparent Plexiglas rod (solid), transparent PVC pipe (hollow), neon light bulb, mini plasma ball, electrostatic Ponpom.
Preparation:

· Make sure the Static Electricity Kits contain all the materials listed above.  Provide meter sticks for your students if ring stands are not available.
· Ground the Van de Graaff generator.

· On an overhead transparency, write down question #1-3 with space for answers.
Engage:

· Write on the board: “What do you know about static electricity?” List all given answers on the chalkboard.
·  Write on the board: “What do you think you know about static electricity” Encourage students to give an example of when they have experienced static electricity, like when they are wearing wool socks and rub their feet along the carpet.  Emphasize the necessity of rubbing two different objects together to generate static electricity. What happens when they touch someone or something? What happens if they do not touch anyone or anything?
· Write on the board: “What do you want to know about static electricity?  Write all answers on the chalkboard.
· Direct their attention to the Van de Graaff generator.  Ask “Has anyone ever seen one of these devices before?” Ask if they know what it does, and/or they know what it is called. 
· Tell the students that the Van de Graaff generator creates (or generates, as the name implies) electrical charges. These charges are generated the same way that you can generate an electrical charge when you rub your feet on the carpet.  Except, in the case of the Van de Graff generator, you are rubbing a pulley against a belt.
· Take off the collector dome sphere and show them the upper pulley and the belt.  Point out where the two rub together at the top of the generator (and at the bottom).  Put the collector dome back in place. 
· Ask students “Tell me what you think I mean when I say electrical charge”.  Write on board.   If they do not come up with it on their own, make sure you write/say there are two types of charge:
1. Negative charge

2. Positive charge 

* Teachers: keep in mind that an object that is positively charged is one that is lacking equal or extra negative charge.  This is something you do not need to tell your students at this point.
· Discuss positive and negative charges.  Use the example of two bar magnets (north and south poles) to describe how positive and negative charges behave when near one another.

· Write on the board: 

1. Opposite charges attract 

2. Same charges repel

· Tell the students that we are now going to conduct a series of activities involving the Van de Graaff generator so that students can indirectly observe charges being built up on the sphere of the generator. We are also going to try to determine if those charges are electrically negative or electrically positive.
1. Place an Electrostatic Ponpom on the top of the collector dome (larger sphere).  Turn on the Van de Graaff generator. Wait 30-60 seconds. Ask students: “What happened?”   Have the students come up with their own ideas before offering them some hints from below:

An excess of similarly charged particles built up on the surface of the sphere.  They traveled up the Ponpoms and into the thread.  After they charged each of the threads, the repulsion between the threads caused each thread to move as far away from another thread as possible.  
2.  Turn off the generator.  Discharge the generator.  Place a plastic lid or shallow dish containing Styrofoam peanuts on the top of the sphere.  Turn the generator back on.  Wait 30 seconds.  Ask the students: “What happened?” Have students come up with their own ideas, incorporating information from the demonstration above (#1).

3.  While the generator is still running, bring a fluorescent bulb near the generator (within 2 inches).  Students will see it light up. Ask the students “How does the light bulb light up?” Accept all answers. 
* Teachers: The outside glass surface nearest the dome acquires negative charge by induction.  The charges build up on the glass surface to discharge intensity.  As discharge occurs, negative charges rush through the entire bulb, lighting it up. They do not need to know this at this point.
4. While the generator is still running, slowly move the discharge sphere closer to the collector dome.  At a certain distance (around 10 inches) a visible and audible charge will occur.  Ask students “What is happening?” Ask students “What does this remind you of?” (Lightning!)  
Ask students “What is lightening?” (Electrical discharge between the clouds and the ground)
5. Slowly move the discharge sphere closer to the Van de Graaff generator until they touch.  The discharge sphere will no longer discharge electrons.  Ask the class: Why did the discharge of electrical charges stop when the two spheres touched one another? (There is an even distribution of charges on both the discharge sphere and the collector dome).
· After discharging the collector dome, turn the generator off.

· Remind the students that the Van de Graaff generator creates static electricity.  It is called static electricity because the charges do not move on their own; they must be in contact with or near another object for the charge to “move”.  This is just like when you build up electric charge in your body when you rub your feet along the carpet.  The electrical charge is static (does not move) until you come in contact with another object (door knob or person)
· Ask students “How do we know if the Van de Graaff generator is making negative charges or positive charges?” 
Have the students turn to their neighbor and discuss. After a minute or two, have a few students share their answers. Accept any answer.
* Teachers:  The students do not know the answer to this question at this point. The Van de Graaff generator produces positively charged particles on the surface of the sphere, but the students cannot see this, they would have to take the teachers word for it.  We would have to conduct a series of investigations to determine if the charges are negative or positive using indirect observations.  
Explore:
· Referring back to the Van de Graaff generator, carefully remove the metal dome (sphere) of the generator (not the discharge sphere) and place it nearby.  Point out the inner workings of the generator. Students in the back of the room should move forward so they can see the Pulley Assembly, the Belt, and Upper Comb Assembly of the generator.  Turn the generator on with the metal dome removed so the students can see how the Van de Graff generator operates.  After they have observed it running for a minute or two, turn off the generator and have the students return to their seats. Ask the students the following questions:

· Question 1. “How does the generator work?”  
· Then ask question 2. “Why is there a charge building up?” 
· Then ask 3. “Why does a negative charge build up on the dome?”
· Now, place the overhead transparency with these three questions written down on the projector so the students can see them.  Have the students copy these questions into their Science Notebooks. 
· Have each student write down their answers to the above questions.  They can talk to their neighbor about the answer as well.  
· Tell the students that they will now begin working in small groups to conduct various activities involving static electricity to help them refine or revise their answers to the above questions.  They might have done some of the activities before.  Remind them that they are working as a team to correctly answer questions above.
Static Electricity Kits

· Have the students get in groups of 3-4.  Pass out one Static Electricity Kit to each group. Tell the students that all of the kits are the same. 
· Tell the students that they will spend the next 10-15 minutes experimenting with the materials in the kit. Remind them that experiments they perform using their Static Electricity Kit will help them to figure out how the Van De Graff generator works.
· Each person in the group is responsible for writing down their own observations and proposed answers to each Experimental question.
· Walk around the room and monitor students.  Encourage those who are stuck by providing them with a simple experimental idea. 
Student Procedure Steps for Electricity Kits
· Students should first set up their Static Stand.  A ring stand can be used for this purpose (if available) or students can create their own Static Stand by placing a meter stick on a desk with half of the meter stick hanging over the edge of the desk and half resting on the desk.  
· Place a heavy text book or two on top of the side of the stick resting on the desk.  This will ensure that the meter stick will not move when weight is placed on the other side of the stick.  
· Use the string in the kit and tie one end to the center of the meter stick hanging over the desk.  Using the other end of the same string, attach the string to the center of one of the 6-inch sections of hollow PVC pipe (transparent) found in the kit.  The PVC pipe should balance evenly when suspended and not touch the floor.  If it does, shorten the string and reattach.
· The experimental set-up should look like Figure 1.1.
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Figure 1.1

Experiment 1: 
· Hold on to one end of the hollow PVC pipe hanging from your static stand.  Using the piece of wool material found in your kit, rub the other half of the PVC pipe vigorously up and down the rod for 15-20 seconds. 

· Let go of the PVC pipe and allow it to hang from the static stand.

· Hold on to one end of the solid, Plexiglas rod (also transparent) found in your kit. Using the piece of clear vinyl material, rub the other end of the Plexiglas rod vigorously up and down the rod for 10-15 seconds.
· When done, slowly bring the rubbed side of the Plexiglas rod close to one end of the suspended PVC pipe.  Do not touch the two materials, but allow them to come within one inch of one another.

· Observe what happens.

· Hold on to one end of the suspended hollow PVC pipe. Once again, use the piece of wool material found in your kit to rub the other half of the PVC pipe vigorously for 15-20 seconds. 

· Find the other rod of PVC pipe in your kit. Using the piece of wool, rub one end of the PVC pipe vigorously up and down the rod for 10-15 seconds.

· When done, slowly bring the rubbed side of the PVC pipe close to one end of the suspended PVC pipe.  Do not touch the two materials, but allow them to come within one inch of one another.

· Observe what happens.

· As a small group, share your observations and come up with an explanation for what occurred during Experiment 1.

(The wool gives up its electrons which travel to the PVC pipe, causing both pieces of the PVC pipe to develop an overall negative charge. Similar charges repel one another.)
Experiment 2:

· Place an aluminum soda can on a flat surface (the floor works well if there is no carpet). The can should not have any dents.
· Using the same end of the PVC pipe from Experiment 1, use the wool to rub the pipe vigorously for 15-20 seconds.  

· Slowly bring the PVC pipe towards the aluminum can.  Do not touch the two materials, but allow them to come within one inch of one another.

· Observe what happens.  

· Repeat this activity using the Plexiglas rod and vinyl material from Experiment 1.

· Observe what happens.  Share your observations with the rest of the group and together come up with an explanation. 

(The wool gives up its electrons which travel to the PVC pipe, causing the PVC pipe to develop an overall negative charge.  The negative charges in the soda can are repelled by the negative charges in the PVC pipe, so the electrons move as far away from the pipe as possible. The positive charges in the can nearest the pipe are attracted to the negative charges and the attraction is strong enough to cause the aluminum can to move towards the pipe. See Figure 2.1)
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     Figure 2.1

Experiment 3:

· Blow up one of the balloons from your kit.  

· Tie a knot in the end of your balloon. Tie the end of the balloon to a piece of string found in your kit.

· Remove the PVC pipe from your Static Stand.

· Tie the end of the string not connected to the balloon to your Static Stand.  The balloon should hang from the stand and not touch the floor.

· Rub the balloon vigorously with a piece of wool for 20 seconds

· Make a prediction: what do you think will happen when you bring the Plexiglas rod from Experiment 1 within one inch of the suspended balloon? 

· Rub the Plexiglas rod with the vinyl material for 20 seconds. Test your prediction and observe the results.

· Make another prediction: what do you think will happen when you bring the PVC pipe from Experiment 1 within one inch of the suspended balloon?

· Rub the PVC pipe with the wool material for 20 seconds.

· Test your prediction and observe the result.

Explain:
· Tell students to put away the materials inside of their Static Electricity Kits and set them aside.
· Go around the class and ask for volunteers to share observations and predictions from Experiments 1, 2 and 3.  Have them provide examples or detailed accounts of what they observed. Other members of their group can jump in and help out if need be.   
· Tell the students that you want to revisit questions 1-3 that you asked them about following the Van de Graff generator demonstration.  Refocus their attention on to the Van de Graff generator in the front of the room. Based on what they know now that they have completed Experiments 1-3, ask them if their answers to the following questions have changed:

 1. “How does the generator work?”  

 2. “Why is there a charge building up?” 

 3. “Why does a negative charge build up on the dome?”
· Discuss the answers to these questions with the entire class and see if students with the correct answer can persuade students with the incorrect answer to understand how negative charges were able to build up on the Van de Graff dome. 

(Students should be able to explain to you that the belt on the generator rubbed vigorously against the comb on the assembly.
This contact caused an excess of charge (negative or positive) to build up on the comb, just like vigorously rubbing the wool on to the PVC pipe caused an excess of charge to build up on the pipe.  When the dome is placed on top of the upper comb assembly, the charge travels through the metal comb assembly onto the metal dome.) 
Elaborate

· Conduct Part I “Red and Green Electricity”. Reacquaint the students with the terms: matter, atoms, positive charges and negative charges.

· Conduct Part II “Demonstrate Electrostatic Charging”.  Demonstrate how “static electricity” can arise (a slight build up of charge of one object leads to a transfer of charges to another object)
· Optional: Conduct Part II and Part IV.

· Re-visit the class definition of Static Electricity.  Have them think carefully about the term static.  Tell them that the term is somewhat misleading.  In the experiments you just conducted, you did not create a type of electricity that never changes, or electrons that never move (as implied by the word static).  Instead, you created a “build-up” of charges in an object, or an imbalance of electrons. Static Discharge is the loss of static electricity as electric charges move through an object, or as the electric charge moves to another object.
· NOTE TO TEACHER:  
Static Electricity involves the transfer of electrons from one object to    another. One loses electrons to the other and become electrically positive.  The other, having gained excess electrons, becomes electrically negative.  These charges are static because they do not move on their own.

·     Electrons are transferred two different ways:

Charging by Contact:  (there are two types of charging by contact)

Type 1. When you rub two objects together, electric charges move from one object to the other. This is known as charging by friction.


Type 2. When a charged object touches another object, 



electrons are transferred by direct contact.  This is known as 


charging by conduction.


Charging by Induction: 


During induction, charges within the object are rearranged 


without direct contact with a charged object.

Evaluate:

Have students submit a final draft of questions #1-3 and a revised definition of static electricity.
Extensions:  
See William Beaty’s “Red and Green Electricity” Beaty, William J. “Red and Green Electricity” 1994.  http://amasci.com/redgreen.html
· Plasma Ball Activity – use a large plasma ball versus mini

Resources:

William J. Betty. “Red and Green Electricity” 1994 

Perelstein, Maxim. Professor of Physics, Cornell University. 2009.
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