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Balloons and Static Electricity – Scripted Version
Name: UTeach Outreach
Length of lesson: 50 minutes with optional 30 minutes acting out atoms (for 8th Grade) 
Description of the class:  6th/8th Grade Science
Source of the lesson: 
Experimental set-up: 
http://www.mos.org/sln/toe/simpleelectroscope.html
Images for background content: http://www.sciencemadesimple.com/static.html 

TEKS addressed:
§112.20. Science, Grade 6, Beginning with School Year 2010-2011.

(2)  Scientific investigation and reasoning. The student uses scientific inquiry methods during laboratory and field investigations. The student is expected to:

(A)  plan and implement comparative and descriptive investigations by making observations, asking well-defined questions, and using appropriate equipment and technology;

(E)  analyze data to formulate reasonable explanations, communicate valid conclusions supported by the data, and predict trends.

(3)  Scientific investigation and reasoning. The student uses critical thinking, scientific reasoning, and problem solving to make informed decisions and knows the contributions of relevant scientists. The student is expected to:

(B)  use models to represent aspects of the natural world such as an atom, a molecule, space, or a geologic feature;
(6)  Matter and energy. The student knows matter has physical properties that can be used for classification. The student is expected to:

(A)  compare metals, nonmetals, and metalloids using physical properties such as luster, conductivity, or malleability;

§112.20. Science, Grade 8, Beginning with School Year 2010-2011.

(2)  Scientific investigation and reasoning. The student uses scientific inquiry methods during laboratory and field investigations. The student is expected to:
(A)  plan and implement comparative and descriptive investigations by making observations, asking well-defined questions, and using appropriate equipment and technology;

(E)  analyze data to formulate reasonable explanations, communicate valid conclusions supported by the data, and predict trends.

 (3)  Scientific investigation and reasoning. The student uses critical thinking, scientific reasoning, and problem solving to make informed decisions and knows the contributions of relevant scientists. The student is expected to:

(B)  use models to represent aspects of the natural world such as an atom, a molecule, space, or a geologic feature;

 (5)  Matter and energy. The student knows that matter is composed of atoms and has chemical and physical properties. The student is expected to:

(A)  describe the structure of atoms, including the masses, electrical charges, and locations, of protons and neutrons in the nucleus and electrons in the electron cloud;

(B)  identify that protons determine an element's identity and valence electrons determine its chemical properties, including reactivity;
(C)  interpret the arrangement of the Periodic Table, including groups and periods, to explain how properties are used to classify elements;

I. Overview
The lesson begins with students watching a cereal demonstration. Next, each student will be given a role as a proton, neutron, or electron and the class will model two atoms to demonstrate electron interaction between atoms. Students will move to PhET computer simulation (see: http://phet.colorado.edu/en/simulation/balloons) to investigate charge accumulation due to friction, as well as, charge distribution in neutral objects due to the presence of an electric field. Students will move to experiment and each pair will build their own electroscope. Students will measure charge accumulation due to friction with their electroscopes, using a variety of insulative and conductive materials, ordering reactions by magnitude. Students will share measurements to compare class results. Real world examples of static electricity will be explained. Teacher will guide a discussion explaining variations due to sample, procedural, and environmental differences. The lesson ends with the students being introduced to water being a polar molecule by viewing how a stream of water reacts to a charged pipe being placed beside it. 
II. Students will be able to 
1. Understand that similarly charged particles (proton-proton and electron-electron) repel each other while oppositely charged particles (proton-electron) attract each other and how electrons are transferred between two atoms. 

2. Differentiate between electricity and static electricity. 

3. Distinguish between the properties, in relation to the spread out and transfer of charges between conductors and insulators. 

4. Plan an investigation with a partner using an electroscope and various samples of materials.

III. Resources, materials and supplies needed for each class

Per class:

· Neutron job cards (amount will vary based on number of students)
· Proton job cards (amount will vary based on number of students)
· Electron job cards (amount will vary based on number of students)
· Two plastic cups one with hole cut in bottom

Per pair:
· One computer capable of running PhET simulation 

· One balloon 

· One cereal tied to a piece of string

· Two 1cm by 4 cm aluminum foil strips
· One bare metal paperclip
· One plastic jar 
· One note card large enough to cover mouth of jar
· Three inches of tape
· One moist paper towel
A small sample of each of the following:
· glass - insulator

· nylon (stocking) - insulator

· aluminum - conductor

· paper - insulator

· steel – conductor 

· rubber balloon (spheroid, not tube balloon) - insulator

· styrene (Styrofoam plate) - insulator

· plastic wrap – insulator
IV. Supplementary materials needed for each class and worksheets

· See attached.
V. Advanced Preparation

· The teacher will need to make a class set of electroscopes (see http://www.mos.org/sln/toe/simpleelectroscope.html) or allow time in lesson to make electroscopes
· Decide what atom you will have your class be based on how many students you have (for the beginning of the explore). 

· Make job cards for protons, neutrons and electrons (amount will depend on number of students). 
· Blow up balloons for students.
· Pair students. 
VI. Background Info

Resources for teachers: 

· http://www.magnet.fsu.edu/education/tutorials/museum/electrostaticgenerator.html

· http://www.teachersdomain.org/resource/phy03.sci.phys.mfe.zsnap/

· http://www.loc.gov/rr/scitech/mysteries/static.html

· http://www.northwestcollege.edu/dotAsset/111755.pdf
College Level Background Information

Tiny particles that make up all matter are called atoms. Atoms have protons, neutrons and electrons. Protons are positively charged and electrons are negatively charged. Neutrons are neutral and have no net charge.  Neutrons have nearly the same mass as protons and electrons have very little mass compared to protons or neutrons. Protons and neutrons are clustered together in the center of an atom, forming the nucleus. Electrons move around the nucleus with distinct amounts of energy. Electrons are typically shown orbiting the nucleus in rings or shells, called the Bohr model after the Nobel laureate of the same name. This depiction is useful in predicting the behavior of the electrons, but is not accurate. Electrons move in all three dimensions around the nucleus, and their locations are predicted by statistics.

Opposite charges attract and similar charges repel. Stable atoms have the same number of positively charged protons and negatively charged electrons. This is to say that they are neutral or have no charge. Note: atoms must have one or more protons; they can include various numbers of neutrons and electrons beyond this mandate. The stability of the nucleus of an atom depends on the number of both protons and neutrons. There is a proportionally large amount of energy holding the particles of the nucleus together. This effect, combined with the large space the electron shells occupy around the nucleus, causes interactions between atoms to involve electrons only in low-energy interactions. Most interactions between atoms in commonplace objects are low-energy, electron-only interactions.
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Retrieved from http://www.sciencemadesimple.com/static.html
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Some atoms give off electrons easily while other atoms tend to hold on to what they have and accept more. When two atoms with different tendencies touch, one loses electrons, which causes it to become positively charged, and another gains electrons and becomes negatively charged. 
When there is an excess of positive or negative charges then there is an imbalance of charge. Retrieved from http://www.sciencemadesimple.com/static.html
When two neutral atoms approach each other, their outermost electrons start to repel one another. If either or both of the atoms has a net charge and they are close enough, the electrons will move between the atoms to balance the charges and electron energies present. Atoms with a net charge are called ions, and may be either positive or negative. Negative ions have an excess of electrons and positive ions are lacking electrons compared to a neutral atom. The force between two ions depends on their respective charges and the distance between them. If the atoms are oppositely charged (positive and negative), the force between them is attractive. If the atoms are similarly charged (both negative or both positive), the force is repulsive. 

All electrons will move towards a lower energy state if possible. If the lower energy state means that an electron transfers from one atom to another, the electron will oblige. However, in a neutral atom, the electrons are bound by their attraction to the protons at the center of their atom. To free the electrons from this bound state, a certain amount of energy must be provided. In common terms, overcoming friction between two pieces of matter adds energy, and the electrons of both pieces of matter can more easily transfer. Depending on the particular atoms and their physical arrangement in each sample, the electrons may transfer to leave one object positively charged and the other negatively charged.

Positive or negative charges that do not move once a charge imbalance is present are termed "static electricity." Electricity typically implies that charges are moving, however in this particular instance, the movement of the charges is impeded. Once a viable path is provided for the electrons to move from the negatively charged object to the positively charged object, the electrons will flow and traditional electricity will occur.

Static electricity is the build-up of charges on the surface of an object. Touching an object with an oppositely charged object or a neutral one can neutralize a charged object. 
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Methods of producing static electricity often involve rubbing two objects together. Retrieved from http://www.sciencemadesimple.com/static.html
The discharge of static electricity is different from current supplied from household wall outlets or from batteries. Once the charge has equalized in the static case, the electrons stop moving and the electricity stops. For household electricity and batteries, the current will continue to flow unless the path for the electrons is broken. The path that the electrons follow is called a circuit. In the simplest case, circuits are circular paths that include the electrical device between the ends of the power source.

It is important to note that while negatively charged electrons move when current occurs, circuit diagrams typically indicate the flow of positive charges rather than negative charges. This is only because of convention; prior to the measurement of the charge of an electron, it was believed that the particles which moved were positively charged. The movement of positive charges does not directly relate to the movement of particles. However, positively charged atoms have one or more "holes" that would be filled in a neutral atom. Therefore, the flow of positive charges may be treated as the movement of these “holes.” As an electron transfers from one atom to another, a "hole" forms where the electron left. In this fashion, the "holes" move in the opposite direction of the electrons.
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The materials used to construct circuits are chosen for their electrical properties. Materials that allow electrons to flow easily are called conductors. Metals at room temperature typically conduct electricity. Materials that inhibit electron flow are called insulators. Glass, ceramics, and many plastics are insulators. Since circuits are typically designed to keep the electrons flowing along a specified path, the path for the electrons is made of conductive material, with surrounding insulative material to prevent the electrons from deviating from the designed path. While insulators inhibit charges from flowing through them, charges can still be applied. If electrons are added to or removed from an insulator, the charge difference will stay in the location of contact. This is because the insulator inhibits the electrons near the contact site from moving. Contrarily, when electrons are added or removed from a conductor, the resultant charges spread out evenly over the conductor. The concentration of like charges causes a repulsive force, and since the material permits easy flow of electrons, the charges spread out evenly and as far apart as possible.

The behavior of electrons in conductors can be used to detect static charge on objects, and forms the design of an electroscope. Two ends of a conductive, flexible material are allowed to hang inside a closed container. Metal foil is typically used. When a charge is applied to the conductors, the charge spreads out evenly and the two ends of the foil repel. Whenever the foil separates, electrical charge is present. Electroscopes cannot be used to determine if the charge is positive or negative, only the magnitude of the charge. It is also not necessary to touch a charged object to the electroscope apparatus to measure a charge. If a charge is present on the nearby object, the electrons in the electroscope will either be attracted to the object or repelled from it. In either case, the balance of electrons in the foil is disturbed, the foil sheets separate, and charge can be detected.

Elementary Level Background Information

All matter is made of tiny particles called atoms. Atoms are made of three smaller particles called protons, neutrons, and electrons. Protons are positively charged and located at the center of atoms. Neutrons have no net charge, so are neutral. Neutrons are also at the center of atoms. The clump of protons and neutrons at the center of atoms is called the nucleus. Electrons are negatively charged and move around the nucleus. The number of protons in an atom determines what element it is. If the number of electrons equals the number of protons, the atom is neutral. If the number of electrons does not equal the number of protons, the atom is called an ion. Ions can be either positively charged or negatively charged.
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Model of Helium; protons are shown in red, neutrons blue and electrons green

Like charges repel and opposite charges attract. Since the outermost part of atoms is the cloud of electrons orbiting the nucleus, the electrons in two neutral atoms will repel each other. If a positive ion and a negative ion get close to each other, they will attract. If two positive or two negative ions get close to each other, they will repel.

If positive or negative charges build up on an object, the object has static electricity. Electricity means that charges are moving. Static means "stationary." In static electricity, the charges can't move because there isn't a good path for them to take. Once a path is available, the electrons will move and the electricity will discharge. This is different from electricity from wall sockets and from batteries. Static electricity stops once the charges are balanced. Electricity from wall outlets and batteries does not. All, however, require a path for the electricity to flow.

Static electricity flows strictly from one point to another, so it does not form a circuit.

Materials that allow charges to flow easily are called conductors. They are used to trace out the path the electrons should travel. Materials that do not allow charges to flow easily are called insulators. Insulators are used to surround the conductors to prevent the electrons from going along a different path than intended.

Since conductors allow charges to flow easily, they can be used to detect if other objects have net charges present. If any charge is transferred to the conductor, it will spread out as much as possible. The concentrated like charges repel one another. By hanging two ends of foil inside a closed container and providing a conductive contact outside the container, any charge applied to the pieces of foil will spread out as much as possible. Since both ends of foil will be charged the same, they will repel. This is true for both positive and negative charges. A device made in this fashion is called an electroscope. Electroscopes can be used to determine the magnitude of a charge, but not whether it is positive or negative.
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Electroscope diagram 

Retrieved from

http://media.ehs.uen.org/html/PhysicsQ3/Electroscope_01/electroscope.jpg
VII. Possible Misconceptions (noted by “MC” in lesson)
· Students often believe that static electricity is caused by friction. This is because many examples that are used to teach static electricity demonstrate rubbing two things together. Actually, all that is required for static electricity to happen is the touching of two materials. This is because when two objects touch, some electrons may be transferred from one surface to the other. Rubbing just increases the energy of the electrons along the two surfaces, which makes it easier for charges to move.
· Students may believe that static and current electricity are two “types” of electricity. One is separation (static) and one is flow (current). Therefore, they are not two kinds of electricity.
· Students that are unfamiliar with the model of an atom may think that positive charges can move between atoms. This is not true. If something has a positive charge, it’s because it lost some negative charge not because it gained positive charges.
VIII.
Vocabulary and Definitions
College Level: 

· Protons: a subatomic particle of positive electric charge located in the nucleus of an atom

· Neutrons: a subatomic particle with no charge (neutral) located in the nucleus of an atom

· Electrons: a subatomic particle of negative charge located outside the nucleus of an atom

· Electric Charge: a property of matter that causes it to experience a force when near electrically charged matter. There are two types of charge positive and negative.

· Electricity: the movement of electric charge

· Static Electricity: build up of charge on the surface of an object

· Conductor: a material allowing the flow of electric charge

· Insulator: a material that resists the flow of electric current
Middle School Level:
· Proton (protón): a particle of positive charge located in the nucleus of an atom

· Neutron (neutrón): a particle with no charge located in the nucleus of an atom

· Electron (electrón): a particle of negative charge located outside the nucleus of an atom

· Charge (cargo): a property of matter that causes it to experience a force when near electrically charged matter. There are two types of charge positive and negative.

· Electricity (electricidad): the movement of electric charge

· Static Electricity (la electricidad estática): build up of charge on the surface of an object

· Conductor (conductor): a material allowing the flow of electric charge

· Insulator (aislante): a material that resists the flow of electric current
IX.
Safety Considerations

· The paperclip on the electroscope can be sharp. 

· The balloons can pop if placed close to the paperclip so use caution. 

· Be cautious of Latex allergies. 

FIVE-E ORGANIZATION

	Engagement 
	
	Time: 5 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Have “Swinging Cereal” experiment set up at front of class. 
The first thing I’m going to do is charge this balloon by rubbing it against my hair. 

Rub balloon in hair or on wool sweater. 

Now, I’m going to slowly bring the balloon near the cereal. I want you to observe what happens.

Slowly bring balloon near cereal. Cereal should move towards the balloon. Teacher note: the balloon may stick to both the string and the cereal. If you remove the string, the students find it more interesting to spin the cereal by moving the balloon slowly over the cereal. 
Right, the cereal is moving towards the balloon. 

Something is happening with the charges on the balloon and on the cereal. Today, we’re going to explore charges through the use of different materials. 
	1. What do you think will happen when I place this balloon next to the cereal?

2. What observations can you make about what is happening?

3. Why do you think this is happening?
	1. Cereal may move. Nothing will happen. 

2. Cereal moves towards balloon. 

3. Charges! I don’t know. MC: The balloon is sticky.



	Exploration
	
	Time: 30 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Begin 8th grade content. Skip to computer simulation for 6th grade. 

To better understand how charges work within an atom, let’s look at the world from an atom’s perspective. 
Excellent! There are three particles inside of an atom: protons, neutrons and electrons. I’m going to assign each of you a role – proton, neutron or electron and you’re going to be part of a model of an atom. 
Count number of students. We have X students.
Use the periodic table as a reference when guiding the discussion. Collect student answers on the board. Note the number of protons, electrons and neutrons needed.
We are going to make two atoms. The first is a ______ atom. The second is a _______ atom. Pass out cards and allow the students to arrange themselves. 
Guide the students through making both atoms. 
Possible probing questions include

Let’s look at how these two atoms would interact. 

Have two electrons move to the other atom.
Excellent! Everyone may return to his/her seat. 

What we just saw was that if atoms get close enough for their outer electrons to interact, some of the electrons might transfer from one atom to the other. This is because some atoms hold on to their outer electrons weakly while others hold on to their electrons strongly. 

Often you can tell by looking at the outer shells of electrons whether an element will give or take on electrons. Atoms that have fewer electrons in their outer shell have a tendency to give up electrons and atoms with almost full outer shells tend to gain electrons. 
Atoms that are charged are called ions. An ion can be positive or negative. Recall activity that students just did and relate. 
It turns out that electrons are sometimes easy to transfer from one material to another and you can do this by friction. An example of this is rubbing your socks on carpet. 

End 8th Grade content. 
Begin computer simulation. 

To see what happens when charges interact, we have a computer simulation for you to look at. 

Move to computer simulation. 
I am going to give you five minutes to explore the simulation. Observe what happens. 

Give students five minutes to explore. Ask students to share what they have found. 

Now that we are more familiar with the simulation, I have a worksheet with a few questions for you to answer. You will be given ten minutes to complete this activity. 

Pass out “Balloons and Static Electricity PhET Worksheet.” 

Possible Probing Questions to ask while students are working include 

I need everyone to set their computer to the side and we will collect them. You may keep your worksheets as a reference for our next activity.

Collect laptops. 
Now, we are going to study different materials using an electroscope. Write the word electroscope on the board. An electroscope allows us to see whether an object has a charge. 

If students say electricity, ask about how they have studied electricity in the past and contrast the apparatus (i.e. there are no wires, batteries, light bulb, etc.)
I am handing out a worksheet for your experiment. First, you will make your own electroscope. 
Pass out “My Electroscope” worksheet and materials for students to build their electroscopes. Give students a few minutes to build their electroscopes.
Now that we’ve build our electroscopes, we will be making observations using your electroscope.
You will be making observations on what materials will produce a charge when rubbed together. You will be ordering them by how much of a reaction you observe from your electroscope. Four of the materials will be rubbed against a rubber balloon, one pair will be a conductor and an insulator, and the last pair can be any two materials of your choice. 
To measure the charge on an object, move the object of study close to the conductor, paper clip, supporting the foil and see if the two pieces of foil separate.

There are a few things you need to know before you can start your experiment.  A safety note is that the end of the paperclip that supports your foil sheets in each of your electroscopes is sharp. Do not push your balloon onto the paperclip or you may pop your balloon. You will be given one balloon only for this experiment, so if you pop it you will be unable to complete your experiment. Charge may build up on your balloon so wipe it down periodically with a wet paper towel. 

You will need to answer the first question on your worksheet before we will give you your materials: “How will you determine how much charge is transferred from one material to the other?” 
Give students ten minutes to collect make their observations. 
Probing questions to ask students include

The balloon is an insulator, so any charge on the balloon will stay in place. It becomes hard to move any excess charge on the balloon once you start rubbing different materials on it. 
	1. What is an atom?

2. What particles exist within an atom? 

3. What atoms can we make?

4. On the periodic table, how many protons does _____ have? Electrons? Neutrons? 

5. How many protons does the atom have in its nucleus? Neutrons? 

6. Does the atom have a charge?
7. What determines the atom? 

8. How many electrons should be in the first shell? Second?
9. First, let’s talk to the electrons close to the nucleus. How easy is it for you to see the other particles?

10. What about the outer electrons, could you interact easily with the electrons in the other atom? Why? 
11. What charge do protons have? Electrons? Neutrons? 

12. When an atom has more electrons than protons what charge does it have? 

13. When an atom has more protons then electrons, what charge does it have? 

14. What would happen if two electrons from this atom (point to atom you are referring to) moved to the other atom (point to atom you are referring to)?

15. What is the new charge on this atom? That atom? 
16. What particle would transfer between the atoms the easiest? 

17. Why do you think some atoms hold onto their electrons more tightly than others? 

18. How do you know the charge?

19. What is the name for an atom that has a charge? 

20. What happens to the electrons (minus signs) on the wool sweater as you put the balloon near it? 

21. Are the electrons transferred or just attracted? Why do you think this is the case? 

22. What happens when you release the balloon?

23. Would a charged balloon be attracted to a neutral surface like the wall? Why or why not?

24. If the space of the simulation was increased, what would happen between the wall and the balloon?

25. What happens if you have two balloons, consider the initial charges of the balloons, and experiment without the wall?  How do the charges react with each other?

26. How can you make one of the balloons go off the screen? Why?

27. What do you think we could study using our electroscope? 

28. To transfer charges, what do you think we can do? Think about what we did in the simulation! 
29. What could we do after we transferred charges to measure the charge?
30. What could we look at in our electroscope to see how much charge has been transferred? 

31. How is a conductor different from an insulator?

32. Why do you think a conductor is used to support the foil?

33. If the balloon does not let charge move easily, is it a conductor or an insulator?

34. Will the charges on the balloon move or stay in place? 
35. What do you think will happen over time to the charges being added to the balloon?
36. How could we modify our experiment to get better results? 
37. How is using an electroscope similar/different from the simulation? 
	1. The smallest form of matter.

2. Electrons, protons and neutrons.

3. Answers vary based on class size. MC: Students may view the atomic number as the atom they can make. Remind students that the atomic number is only the number of protons. 
4. Answers vary based on element selected.

5. Answers vary based on element selected. 

6. Answers vary based on atom selected.

7. The number of protons.  MC: The number of neutrons.
8. Two. Eight.

9. Not very easy. 

10. Yes, more easily and because we’re closer. 
11. Positive, negative, no charge. MC: neutrons are negative.  
12. A negative charge.

13. A positive charge. 

14. One atom would have a positive charge and the other would have a negative charge. 

15. Various answers.
16. The electrons! MC: Note that all of the particles are constantly moving but the electrons are on the outer edge of the atom so they are easiest to move. 

17. Their structural arrangement of electrons. 

18. By considering how many electrons and protons you have. MC: Neutrons contribute a charge.  

19. Ion. 

20. They are attracted to the balloon. 
21. Transferred. They are in the outer 
shells and can move. 
22. The balloon is attracted to the sweater.


23. Yes, if the balloon is close enough. The charges on the balloon push like charges in the wall away. The balloon is attracted to the small area of non-neutral wall. MC: No, because the wall would not have a charge. 
24. The balloon and the wall would attract.

25. Some may be attracted and some may not.
26. Charge both balloons and take both away from the sweater.

27. Charges! MC: Electricity.
28. Rub two materials together!
29. Hold the charged object by our electroscope. 

30. Look at the foil pieces. 

31. In a conductor, electrons can move easily.
32. To allow for the transfer of electrons.

33. Insulator.
34. Stay in place. 
35. There will be too many charges.
36. Conduct several trials. Use different materials. 

37. On the simulation the charges were visible and with our electroscope we can only make observations about how the foil pieces move. 


	Explanation
	
	Time: 10 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Let’s discuss our results. 
We saw this with our simulation, too! 

That’s right! Conductors easily transfer charge (electrons) and insulators do not.  It is important to note, and many of you will learn about this later in science class, that only negative charges (electrons) move. 
On a conductor, all of the charges will spread out over the surface of the conductor. 
Similarly charged particles repel. This is true for electrons and electrons or protons and protons. Electrons and protons are parts of an atom. Write on board, if needed.  Dissimilar charged particles attract. We saw examples of both of these with our simulation.
The electroscope can’t tell us what type of charge is present. It can only tell us IF there is a charge present. 

Today we’ve seen various examples of static electricity. 
Static means that something isn’t moving. 

That’s interesting! We didn’t use any of those materials today, but we did study static electricity. I’m going to give you a few minutes to discuss the following question. 

Give students a few minutes to discuss with their partner.  Select a few pairs to share what they have discussed. 
If we call it static electricity, it must mean that electricity doesn’t move – well, not quite, but close.
We only call something “electricity” if the charged particles are moving, but if the only reason the charged particles aren’t moving is because there isn’t a good path for them to follow, we call it static electricity. After the static electricity completely discharges, the charged particles are again in balance. 
When we were working with our materials today and our electroscope we were studying static electricity. All or most of the charge from the objects we rubbed together were transferred to the electroscope.  

The important point about static electricity is that the charged particles are moving from one point to another point – there isn’t a circular path like when using a battery to power something. Static electricity just moves from one point to another. This is good to know if you’d like to build up static charge to shock your brother, sister or friend. 

A good example of powerful static electricity in nature is lightning.

Lightning is caused by the movement of the clouds in the wind builds up static electricity until it discharges into another cloud or the ground. That is to say that all of the “built up” charge is transferred. 

Static electricity is also used when painting cars. 
This helps the paint stick more evenly. The spray paint nozzle can be charged and the car can be given the opposite charge. The paint droplets are then attracted to the car and can cause less of a mess and a more even coat.  
	1. What happened when a charged object was near the electroscope? What happened to the two sheets?

2. How do you think the amount of charge relates to how much the foil moves? Why?
3. For the experiment with the balloons, which did you find to react the most with the balloon? The least?

4. What does that tell you about the materials? 

5. With the conductor-insulator reaction, what happened? Why do you think that happened?
6. If the charges on a conductor can move, what do you think they will do on the surface of the conductor? 

7. We used aluminum foil and a paper clip in our electroscope. These are both examples of conductors. Why do you think it was a good choice to do so? 
8. Did you ever get different results if you tried the material twice? Why do you think that happened?

9. What do you know about how charges react with similarly charged particles? What about particles that are dissimilar? Think back to the simulation!
10. Is it possible to tell what type of charge is building up on the electroscope? Why or why not? 

11. What do you think of when you hear the word static? 
12. What is electricity?

13. How have you explored electricity before? 
14. Based on the experiences that you’ve had today, exploring with the computer simulation and using the electroscope, what do you think static electricity is? What evidence do you have? 

15. Based on what you know about static electricity, how do you think it relates to lightning? 

16. How do you think charging the body of a car and paint could help the paint stick to the car? 
17. Would you want the charges to be the same or different? 


	1. They split apart. 

2. With more charge the foil moves more.

3. Nylon. Plastic Wrap. 
4. One is easier to transfer charges (electrons) the other is not. 
5. Static build up! Because the conductor easily transfers electrons and the insulator holds on to them. 
6. Spread out! 

7. The charges were able to spread out over the foil! 
8. Yes, charge build up. 

9. Similarly charged particles repel and dissimilar charged particles do not. 

10. No, because an electroscope just shows that charge is present not necessarily whether it is positive or negative.
11. Noise.  Not moving.
12. The movement of charge. 
13. With circuits, light bulbs, etc. 

14. The build up of charges! With the balloons on the screen we were able to transfer charges back and forth. With the electroscope the foil leaves separated when there was a charge. 

15. Charges build up.

16. Have them be different charges!

17. Different. 




	Elaboration
	

	Time: 15 min

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Show students water and balloon experiment.  
Those are all excellent predictions!

The stream of water is bending towards the balloon. 

A water molecule has a positive and a negative end. When the charged pipe is placed next to the steam of water, the water bends. 

Hold up water molecule made of clay and demonstrate how molecule twists based on charge of the balloon. 

 
	1. What do you think will happen if I take this balloon and put it next to the stream of water?
2. What is happening? 

3. Why do you think this is happening?

4. If the pipe is positively charged, which side of the water molecule would be attracted to the balloon? 

5. What if the balloon was negatively charged, which side of the water molecule would be attracted to the pipe?
	1. Nothing will happen. Water will move towards the balloon
2. The water stream is bending!

3. Charges?

4. The negative side.

5. The positive side. 


	Evaluation
	
	Time: ___

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Pass out “Show off what you know!” Quiz. 
	
	


Name: _____________________

Balloons and Static Electricity

Learning Objectives: Students will be able to 

· Explain how similarly and dissimilarly charged objects interact. 

1) Play with the simulation for five minutes. Be prepared to “share out” what you discover!
2) Fill in the table based on your investigations. 

	How can you…
	Explain
	Draw your final picture!  

	…make the balloon stick to the sweater?
	
	

	…make two balloons stick to the sweater? 
	
	

	...make two balloons move apart? 
	
	


3) How can you make the balloon(s) stick to the sweater strongly? 

Name: _______________________

My Electroscope

Materials: 

· Glass jar

· Strip of aluminum foil

· Index card

· Paperclip 

· [image: image26.png]


Tape

Procedure:

1. Cut two foil strips 1 cm x 4 cm

2. Open the paperclip to form a shape with a hook (see image on right)
3. Push the hook through the middle of the index card and tape it so that it is at right angles to the card.

4. Lay the two foil strips on top of one another and hang them on the hook by pushing the hook through them. 

5. [image: image27.png]


Lay the card over the jar so that the strips hang inside (see picture below) 

Name: _____________________________________

Electroscope Experiment

How will you determine how much charge is transferred from one material to the other using your electroscope? Explain in complete sentences. 

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Predictions

	Question
	Your Prediction
	Your Explanation

	What material do you think will attract the most electrons?
	
	

	What do you think will happen when a conductor and a conductor are rubbed together?
	
	

	What do you think will happen when an insulator and a conductor are rubbed together?
	
	

	What do you think will happen when an insulator and an insulator are rubbed together?
	
	



[image: image13]
Procedure: Test six pairs of materials and order them by how much of a reaction you measure with your electroscope. You may need to wipe your balloon with a wet paper towel between trials.
Results: 

Pair 1:  Balloon and ___________________________________
Did the foil leaves move apart? (circle) 
yes 


no

Pair 2:  Balloon and ___________________________________

Did the foil leaves move apart? (circle) 
yes 


no
Pair 3:  Balloon and ___________________________________

Did the foil leaves move apart? (circle) 
yes 


no

Pair 4:  Balloon and ___________________________________

Did the foil leaves move apart? (circle) 
yes 


no

Pair 5:  Conductor and Insulator 

________________________________ and _______________________________
Did the foil leaves move apart? (circle) 
yes 


no

Pair 6:  Any two materials you want! 

________________________________ and _______________________________
Did the foil leaves move apart? (circle) 
yes 


no

Order Pairs from Least to Most Reactive – write on sticky notes and post on board
__________    __________    __________    __________    __________    __________


Concluding Questions:

1. Draw what you think the charges look like on your electroscope.

2. Is it possible to determine the sign (+ or -) or charge with an electroscope? Why or why not? 

Name: ___________________________________

Show off what you know!
1. What is the difference between electricity and static electricity?
______________________________________________________________________________________________________________________________________________________________________

2. Charges on an insulator tend to


a. stay where they are placed.


b. distribute evenly throughout the insulator.


c. go away after a few minutes.


d. none of the above.

3. Charges on a conductor tend to


a. stay where they are placed.


b. distribute evenly throughout the conductor.


c. go away after a few minutes.


d. none of the above. 

4. After rubbing your socks on carpet, you touch a metal door nob and experience a shock. This is because

a. you accumulated charge by rubbing your feet across the floor.

b. friction makes charges.


c. the metal door nob is an insulator.


d. no charge is transferred. 

5. Draw an electroscope before a charge is added and after a charge is added. How do you know a charge was added? Explain.

Teacher Note: This is an optional pre and post assessment.

Name:_______________

Balloons and Static Electricity Pre/Post Evaluation

1. Static electricity is formed by: 


a) plugging a device in.


b) stopping electricity by turning a device off.


c) transferring electrons from one material to another.


d) extracting protons from atoms.

2. If static electricity is transferred to a conductor, the charges will: 

a) stay where they are initially placed.


b) spread out over the conductor.


c) be repelled by the conductor.


d) be attracted to the other charges.

3. If two negatively charged balloons get close to one another, they will: 

a) not affect each other.


b) increase in charge.


c) tend to move closer together.


d) tend to move further apart.

4. When the carbon ion below gets close to a surface made of an insulator, what will happen to the charges in the surface?


a) [image: image14.png]Carbon




b) [image: image15.png]Carbon ok 4





c) [image: image16.png]Carbon




                 d) [image: image17.png]Carbon





5. When you rub your socks on a carpet and reach for a doorknob in the winter, sometimes you feel a shock. Why?

a)
The doorknob is a part of the electrical system, so you temporarily feel a shock just the same as if touching an electrical wire.

b)
In the winter seasons, electrical activity increases, so you feel shocks more.

c)
The charge that built up on your body balances with the conductive doorknob.

d)
The dry air transfers electricity to your body which then goes to the doorknob. The carpet actually has no effect.

Name: _____________________

Balloons and Static Electricity

KEY

Learning Objectives: Students will be able to 

· Explain how similarly and dissimilarly charged objects interact. 

1) Play with the simulation for five minutes. Be prepared to “share out” what you discover!
2) Fill in the table based on your investigations. 

	How can you…
	Explain
	Draw your final picture!  

	…make the balloon stick to the sweater?
	Rub the balloon on the sweater. Drag it to the wall and it will go towards the sweater
	[image: image18.png]




	…make two balloons stick to the sweater? 
	Rub both balloons against the sweater. The two balloons cannot be on top of each other. 
	[image: image19.png]




	...make two balloons move apart? 
	Rub the balloons against the sweater and then place the balloons next to each other.
	[image: image20.png]





3) How can you make the balloon(s) stick to the sweater strongly? 

By rubbing the balloons lots of times against the sweater, more charges will transfer to the balloons. 
KEY

Procedure: Test six pairs of materials and order them by how much of a reaction you measure with your electroscope. You may need to wipe your balloon with a wet paper towel between trials.

Results: 

Pair 1:  Balloon and aluminum foil
Did the foil leaves move apart? (circle)
yes 


no

Pair 2:  Balloon and paper

Did the foil leaves move apart? (circle)
yes 


no

Pair 3:  Balloon and glass

Did the foil leaves move apart? (circle)
yes 


no

Pair 4:  Balloon and plastic wrap
Did the foil leaves move apart? (circle)
yes 


no

Pair 5:  Conductor and Insulator 

steel and glass
Did the foil leaves move apart? (circle)
yes 


no
Pair 6:  any two materials you want! 

Styrofoam and nylon 

Did the foil leaves move apart? (circle)
yes 


no

Order Pairs from Least to Most Reactive

Steel+glass    Styrofoam+nylon  B+Al foil 
B+P W   B+glass  B+paper
Concluding Questions:

1. Draw what you think the charges look like on your electroscope.

[image: image21.png]bl
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2. Is it possible to determine the sign (+ or -) or charge with an electroscope? Why or why not? 

No – both will cause the foil sheets to repel

Name: ___________________________________

Show off what you know!

KEY

1. What is the difference between electricity and static electricity?

Electricity is the movement of charge and static electricity is the build up of charge. 

2. Charges on an insulator tend to


a. stay where they are placed.


b. distribute evenly over the surface of, or over the insulator.


c. go away after a few minutes.


d. none of the above.

3. Charges on a conductor tend to


a. stay where they are placed.


b. distribute evenly over the surface of, or over the conductor.


c. go away after a few minutes.


d. none of the above. 

4. After rubbing your socks on carpet, you touch a metal door nob and experience a shock. This is because

a. you accumulated charge by rubbing your feet across the floor.


b. friction makes charges.


c. the metal door nob is an insulator.


d. no charge is transferred. 

5. Draw an electroscope before a charge is added and after a charge is added. How do you know a charge was added? Explain.

Any charge applied to the pieces of foil will spread out as much as possible. Since both ends of foil will be charged the same, they will repel. This is true for both positive and negative charges.
Teacher Note: This is an optional pre and post assessment.

Balloons and Static Electricity Pre/Post Evaluation 
KEY

(learning goal # - for teacher reference!)

1. Static electricity is formed by: (2)


a) plugging a device in.


b) stopping electricity by turning a device off.


c) transferring electrons from one material to another.


d) extracting protons from atoms.

2. If static electricity is transferred to a conductor, the charges will: (3, 1)


a) stay where they are initially placed.


b) spread out over the conductor.


c) be repelled by the conductor.


d) be attracted to the other charges.

3. If two electrons get close to one another, they will: (1)


a) not affect each other.


b) increase in charge.


c) tend to move closer together.


d) tend to move further apart.

4. When the carbon ion below gets close to a surface made of an insulator, what will happen to the charges in the surface?


a) [image: image22.png]Carbon




b) [image: image23.png]Carbon ok 4





c) [image: image24.png]Carbon




              d)[image: image25.png]Carbon





5. When you rub your socks on a carpet and reach for a doorknob in the winter, sometimes you feel a shock. Why?

a)
The doorknob is a part of the electrical system, so you temporarily feel a shock just the same as if touching an electrical wire.

b)
In the winter seasons, electrical activity increases, so you feel shocks more.

c)
The charge that built up on your body balances with the conductive doorknob.

d)
The dry air transfers electricity to your body which then goes to the doorknob. The carpet actually has no effect.

STOP! CHECK WITH YOUR TEACHER BEFORE GETTING YOUR MATERIALS!
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