Physical Science
Science

Module 

6.5
Interactions of Matter and Energy
Lessons A - C

Instructional Progression: 
Students have not previously studied static charge. In the 4th grade students classified materials as either conductors or insulators of electricity(4-5.8).

In the 6th grade students identified the sources and properties of heat, solar, chemical, mechanical, and electrical energy (6-5.1). In Physical Science students expand the concept of electrical energy. Students are introduced to the concepts of protons and electrons and their electrical properties.

Students will use the understanding of these subatomic particles to explain how objects acquire a static electric charge through friction, induction, and conduction.

Taxonomy level of indicator:

2.7-B Understand Conceptual Knowledge
Key Concepts:

Static charge: Electron, Proton

Charging by friction, induction, conduction
Content Overview:
It is essential for the student to understand that of the particles in atoms are electrically charged.
 
The protons, which are tightly held in the nucleus, are positively charged.
 
The electrons, which move around outside the nucleus, are negatively charged.
 
Atoms normally have the same number positive charges that they do negative charges. The effects of these charges cancel out and the object will have no net charge.
· Static electric charge is the result of transfer of electrons. The electrons in the atoms can been removed from the atom and moved onto something else.

When an object loses electrons, it will have more protons than electrons and will have a net positive charge.

 When an object gains electrons, it will have more electrons than protons and will have a net negative charge.

· Like charges repel each other. Positives charges repel other positives charges, and negative charges repel other negative charges.

· Opposite charges attract. Negative and positive charges exert an attractive force on each other.

· Objects can be charged by:

 Friction:

When one object is rubbed against another, sometimes electrons leave one object and stick to the other leaving both objects charged.

 The object that loses electrons will get or have a net positive charge, and the object that gains electrons will get or have a net negative charge.

 Conduction:

 Electrons can be transferred from one object to another by touching.

 When a charged object touches another object some charge will transfer to the other object.

If the charged object is negative, some of the electrons will leave the negatively charged object and travel to the neutral object leaving both objects with a negative charge.

If the charged object is positive, some of the electrons will leave the neutral object and travel to the positively charged object leaving both objects with a positive charge.

 Only the electrons are transferred in solid objects.

Objects charged by conduction will have the same charge as the object charging it and therefore will repel it.

Induction:

 Objects can be charged by bringing a charged object near a neutral object.

 If a charged object is brought near a neutral object the charged object will attract unlike charges in the neutral object and repel like charges in the neutral object.

 Electrons will move in the neutral object and leave the side nearest the charged object charged with a charge that is opposite the charging object. (Only electrons can move in a solid object.)

* If the charged object is negative, the electrons in the neutral object will be repelled leaving the side nearest the charged object with a positive charge. If the neutral object is grounded, electrons are repelled into the ground. If the ground is removed the previously neutral object will be left with a residual positive charge.

* If the charged object is positive, the electrons in the neutral object will be attracted and move towards the positive charge leaving the side nearest the charged object with a negative charge. If the neutral object is grounded electrons are pulled from the ground. If the ground is removed, the previously neutral object will be left with a residual negative charge.

 After an object is charged by induction, it will have the opposite charge of the charging object and will attract it.
Teaching Lesson A:
Demonstrations with a Van de Graff Generator

Introduction to the lesson:
The Van de Graff electrostatic generator develops either a net positive charge or a net negative charge. It will repel objects with a like charge. To determine if the generator develops a positive or negative charge, the easiest thing to do is to rub a balloon on your hair or shirt to develop a net negative charge on the balloon and then throw the balloon toward the generator while it is charged. The balloon will be repelled if it is negative. Most classroom generators develop a negative charge. Most of the Van de Graff generators rely on charges coming from the separation of a rubber belt and a felt-covered pulley. As the belt moves, it carries electrons away from the felt in the same way that the balloon pulls the electrons from hair or a shirt. The electrons are drawn from the rubber belt to the globe at the top of the generator (through corona discharge), and therefore the generator will be charged negatively.

For best results on a hot humid day, try using a hair dryer to lower the relative humidity near the generator. It is usually necessary to blow only around the globe or the base. Be careful not to heat the belt.

Lesson time:

1 day

Materials Needed:

Van de Graff generator  

Hair dryer 

Balloon 

Rubbermaid step stool with top large enough to accommodate both feet 

Packing peanuts 

Plastic cups

Tape 

Cheerios

Grits 

Aluminum pie pans or ash trays (the smaller the better) 

Paper towel 

Coffee filter 

Thumb tack 

Chalk dust 

Fluorescent tube

Essential Question:
How can objects acquire a static electric charge through friction, induction and conduction?
Procedure:
Demo # 1 (Repulsion)


Balloon

Vigorously rub the balloon on your hair or shirt causing the balloon to acquire a net negative charge. Throw the balloon at the charged globe. 


#2 (Repulsion)


Hair

Have a volunteer stand squarely on the step stool. Be sure that the generator is off! Place one hand on the globe and then turn on the generator. Avoid short or braided hair. Turn off the generator. Allow student to remove hand and then step down.

#3 (Repulsion)

Packing Peanuts


Place some packing peanuts in a plastic cup and tape it to the top of the generator. Turn on generator. Repeat with cups of cereal and grits. Turn off generator.

#4 (Repulsion)

Aluminum tart pans or ash trays (the smaller the better)

Stack several pans upside down on top of the globe. Turn on the generator.

#5 (Attraction)
Paper towel 

Hold a paper towel near but not touching the charged generator. Do not let the towel go.

#6 (Attraction followed by repulsion)

Coffee filter

Hold a coffee filter by its edge near the charged generator. Then let go of the coffee filter.

Additional demos to try!

Chalk Dust

Put some chalk dust (or smoke) near the globe.

Fluorescent tube

Stand squarely on the step stool. Place one hand on the globe and hold the end of a fluorescent tube in the other. Turn on the generator.

Assessing the Lesson:

Formative Assessment 

Lesson A.

Data and Observations:

Demo #1 Observations________________________________________________________________________________________________________________
Explanation_________________________________________________________________________________________________________________
Draw objects in demo showing the charges on each.


Balloon



Generator globe

Demo #2 Observations________________________________________________________________________________________________________________
Explanation_________________________________________________________________________________________________________________
Draw objects in demo showing the charges on each.


Hair



Generator globe

Demo #3 Observations________________________________________________________________________________________________________________
Explanation_________________________________________________________________________________________________________________
Draw objects in demo showing the charges on each.


Packing peanuts



Generator globe

Demo #4 Observations________________________________________________________________________________________________________________
Explanation_________________________________________________________________________________________________________________
Draw objects in demo showing the charges on each.


Aluminum pans



Generator globe
Demo #5 Observations________________________________________________________________________________________________________________
Explanation_________________________________________________________________________________________________________________
Draw objects in demo showing the charges on each.


Paper towel



Generator globe

Demo #6 Observations________________________________________________________________________________________________________________
Explanation_________________________________________________________________________________________________________________
Draw objects in demo showing the charges on each.


Coffee filter



Generator globe

Determine which of the demonstrations above represent charging by 

Conduction: _____________________________________________________________

Induction: _____________________________________________________________
Both conduction and induction: ______________________________________________

Teaching Lesson B:
Faraday Cage

Introduction to the lesson:
The Faraday cage is a practical application of the effect demonstrated in school as the Faraday ice-pail experiment. If an ice pail or any other hollow conductor is given a charge on its inside, then the charge will spread all over the outside surface of the conductor in such a way as to produce no electric field inside. The Van de Graff generator uses this effect to produce such a large potential on the outside surface of its dome. In large Van de Graff generators it is possible to have a lab or office actually inside the dome, and even have people there, while the machine is on! The idea that a hollow metal conductor will protect the interior from electric fields can be used using Faraday screens, cans or cages. 

A Faraday can is nothing more complicated than a metal biscuit barrel for example. If an electronic watch is placed inside such a container, and then a spark is drawn to the container either from a Van de Graff generator or induction coil, then after the demonstration, the watch will be unharmed. 

A more impressive demonstration of the Faraday cage effect is that of an aircraft being struck by lightning. This happens frequently, but does not harm the plane or passengers. The metal body of the aircraft protects the interior. For the same reason, and if it were not for the highly flammable nature of petrol, a car would be a very safe place to be in a thunderstorm. THE TIRES DO NOT MAKE CARS SAFE!!!
An important consequence of this experiment is that electric fields can be shielded - that is, the outside of a conductor acts as a FARADAY CAGE. A closed metal surface, no matter what its’ shape, will block out any 
external electric field lines. And, as long as there are no electric charges residing inside the metal cavity, the electric field in the interior will be ZERO everywhere. This is why you are safe inside your car or on an 
airplane during a lightning storm. Electrical shielding is easily accomplished by surrounding the surface that you wish to shield with a conducting surface. The free charges on the conducting surface will arrange themselves in such a way as to insure that the electric field within the conductor equals zero. This is the reason why electrical components 
come in metal boxes, to shield them from outside electrical activity.

Lesson time:

0.5 day
Materials Needed:


Fine metal screen wire


Van de Graff generator or Tesla coil


Large sheets of Styrofoam or other insulating material


Rubber stool


Fluorescent tube(s)


Electronic watch

PVC pipe and connectors


Fasteners
Essential Question:
How can a conductive material be used to protect a person and electrical equipment?
Procedure:

Preparation


To demonstrate the Faraday cage effect we have constructed a human-size Faraday cage which allows someone to sit inside while the discharge from a Van de Graff generator is directed towards it. To increase the dramatic content of the demonstration, the person inside is asked to hold a fluorescent tube, which does not light, while similar tubes balanced against the sides of the cage do light when the discharge is enabled. Our cage measures 1m square and is 1m tall. It is built from wire screen. The screen is secured to a PVC framework. Ours does not have a top or bottom as shown in the picture. The person sits on a small stool with feet resting on a large piece of Styrofoam.

Demonstrations

1. Stand the cage upright and place the foam inside. 
2. Place a rubber stool inside. A person then can sit on the stool and the place feet on the foam.

3. Place a Van de Graff generator close enough to the cage so that sparks can be seen 
jumping to the cage. Have the person inside touching the inside of the cage. Note that no electricity is felt by the person.

4. Have the person inside hold a fluorescent tube and touch the inside of the 

screen. Observe.

5. Now lean the tube against the outside of the cage touching the screen. 
Observe.

6. Turn off Van de Graff generator.
Assessing Lesson B:
Expository Writing

Students will draw and explain the workings of a Faraday cage as well as draw and explain their safety in a car that has a live wire fallen onto the car.
Teaching Lesson C:
Demonstrations to Show Presence of Static Electricity
Introduction to the lesson:
Charging two different materials by using Friction

1. One will become positive because it loses electrons. 

2. The other material will become negative because it has a greater attraction for electrons, and steals electrons. In the case of wool and the rubber balloon, the balloon has a greater attraction for the electrons.

3. The charged objects can be used to determine the charge of other materials since LIKE CHARGES REPEL AND UNLIKE CHARGES ATTRACT.

Charging by Electrostatic Induction

1. The two objects do not come in contact. 

2. The originally charged object never loses any charge so it need not be recharged (work does not need to be done to recreate the charge).

3.  The induced charge will be as strong and the source of charge. 

4. The electroscope ends up with a charge OPPOSITE to the source

Charging by Conduction (Contact)

1. The objects must actually TOUCH and transfer some electrons.

2. The electroscope ends up with a charge SIMILAR to the source.

3. The source of charge becomes weaker every time the electroscope is recharged.
Lesson time:

0.5 day
Materials Needed:

4 identical balloons

thread

wool cloth

Toilet paper roll

plastic ruler

handkerchief

Watch glass


meter stick

2 tall tin cans

3 blocks of paraffin wax
paper clip

Glass rod and silk OR rubber rod or comb and wool

Essential Question: 
How can static charges be produced by friction, conduction and induction?
Procedure:

A.
Balloons
1. Blow up four identical balloons and tie a thread to each. Hold tow of the balloons together by the threads and show that the balloons will hang down against each other.

2. Take two balloons and rub them with a wool cloth. Ask students to predict what will happen when they are brought side by side. (They will repel each other so that they can’t touch). Both balloons were charged by friction.

3. Take the other two balloons and rub only one of them with the wool. Ask students to predict what will happen when they are brought side by side. (They will attract one another). One of the balloons was charged by friction and the other by induction.

B
The “Magnetic” Rule

1. Place on a flat table a hollow cardboard cylinder that toilet tissue comes on seconds.

2. Take a plastic ruler and rub it vigorously for 30 seconds with a handkerchief

3.
Bring the ruler up to the roll slowly until the roll begins to move, then move the ruler away from the roll in the same direction that the roll started to move. It will look as if the ruler is pulling the roll across the table. (The ruler has been negatively charged by friction, and as it approaches the roll it induces a positive charge on the leading edge of the roll) As long as the ruler and the roll are not allowed to touch, the ruler can pull the roll along.
C
The Magnetic Meter Stick

1. Place a watch glass on a table.

2. Balance the flat edge of a meter stick on the watch glass so that it is free to rotate in a plane parallel to the table.

3. Charge a glass or hard rubber rod by rubbing it with silk (glass rod), wool flannel (rubber rod or comb)

4. Bring the rod close to the end of the meter stick but not touching it.

5. Advance the rod in front of the meter stick. It should interact with the meter stick and make it turn slowly.

D
The Electrostatic Pendulum

1. You will need two tall tin cans, three pieces of paraffin wax, thread, a paper clip, a rubber balloon and wool cloth.

2. Set each can on a block of the paraffin and balance the third block of paraffin on open ends of the two cans. From this top block of paraffin, suspend the paper clip by a thread so that the paper clip hangs between the two cans.

3. Rub the balloon with the wool cloth and bring it close to the side of one of the cans. Observe what happens.(The clip will move back and forth between the cans like a pendulum).The negatively charged balloon, when brought near one of the cans, repels the electrons to the other side of the can (induction). The paper clip, which is neutral, will be attracted to the charges can and moves to make contact with it. In making contact, it receives electrons (conduction) from the can becoming negative and is now repelled and moves away. The paper clip now induces a positive charge on the second can and is attracted to it. Upon making contact, it gives up the charge to the second can and is again attracted to the first can. This back and forth motion is repeated several times.

4. The paraffin acts as an insulator so that electrons cannot drain off too readily. As with most activities involving electrostatics this works better on a cold dry day.
Assessing Lesson C:
Questions

1.
In which of the activities were static charges created by friction?

2.
In which of the activities were static charges created by induction?

3. In which of the activities were static charges created by 

conduction?

4. In which instances was there attraction?

5. In which instances was there repulsion?

Summative Assessment
EOC Type Questions

1.                                              [image: image1.emf]

Objects with like charges repel and unlike charges attract. The girl's hair and 
the comb have


A. unlike charges

B. neutral charges


C. like charges





D. no charges
2. When a plastic rod is rubbed with fur, the plastic rod becomes negatively 
charged. Which statement explains the charge transfer between the plastic 
rod and the fur?


A. Protons are transferred from the plastic rod to the fur.


B. Protons are transferred from the fur to the plastic rod.


C. Electrons are transferred from the plastic rod to the fur.


D. Electrons are transferred from the fur to the plastic rod.
3. How do electrically charged objects affect neutral objects when they come in 
contact?


A. Electrons move from negatively charged objects to neutral objects.


B. Electrons move from neutral objects to negatively charged objects.


C. Protons move from positively charged objects to neutral objects.


D. Protons move from neutral objects to positively charged objects.
4. When a rubber comb is rubbed with fur, the comb becomes positively
charged. Which statement explains the charge transfer between the comb
and the fur?


A. Protons are transferred from the comb to the fur.


B. Protons are transferred from the fur to the comb.


C. Electrons are transferred from the comb to the fur.


D. Electrons are transferred from the fur to the comb.

5. Examples of a Faraday cage do NOT include


A. a car


B. the dome of a Van de Graff generator


C. plastic baggie

D. a drum

Answers
1. A

4. C
2. D

5. C
3. A
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended  Days of Instruction:  2
	(one day equals 90 min)

	Standard(s) addressed:  PS–6 The student will demonstrate an understanding of the nature, conservation, and transformation of energy.

	

	Energy Transformation

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS–6.5

Explain how objects can acquire a static electric charge through friction, induction, and conduction.


	SC Science Standards Support Guide https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?
Adopted Physical Science Textbook (see appendix for correlations)

Interactive Gizmos

http://www.explorelearning.com
The Kavli Operating Institute

http://www.colorado.edu/physics/phet/web-pages/index/html
Associated Chemistry Teachers of Texas

http://www.statweb.org/ACT2/labs_demos.htm
bbc.co.uk

http://www.bbc.co.uk/scotland/education 

Static classroom

http://www.physicsclassroom.com/mmedia/estaticsTOC.html
The School for Champions

http://www.school-for-champions.com/science.htm
	Module 6-5 
Lesson A 

Additional: Demonstrations: With a Van de Graff Generator 
Lesson B 

Faraday Cage 
Lesson C
Demonstrations to Show Presence of Static Electricity


	Assessment 
EOC Type Questions
The objective of this indicator is to explain how objects can acquire a static charge, therefore, the primary focus of assessment should be to construct a cause and effect model relating how friction, conduction, and induction cause static charge. In addition to explain, assessments may require that students

Compare how objects become positively and negatively charged;

Infer effects of interactions of charges and charged objects;

Summarize major points about how objects acquire 

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	Exploratorium

http://www.exploratorium.edu/snacks/iconelectricity.html
ETV Streamline SC: Electricity and Magnetism: Static Electricity

This program is about magnetism and its relationship to electricity

ABC’s of Magnets 5:52

ETV Streamline SC Static and Current Electricity

Balloons on Wall 1:05

Lightning  3:11

Van De Graff Generator 6:33
	
	static charge;

Exemplify situations involving charged objects and how they are charged;

Recall that static electric charge is the result of transfer of electrons.





Standard: The student will demonstrate an understanding of the nature, conservation, and transformation of energy.





Indicator: Explain how objects can acquire a static electric charge through friction, induction, and conduction.





Other indicators addressed:  PS-1.2, 1.9, 2.1, 2.5 








