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Charge

In this class you will be asked to model your observations.  The textbook will usually supply its own model, but models that you think through and create for yourself will stick with you.  Pure textbook knowledge doesn’t last all that long.  The following brief reading may be helpful to you.

Modeling
An important part of the scientific process is building a model to describe physical phenomena. A model may be descriptive or mathematical. It should describe a wide variety of physical phenomena. A model is developed based on the results of observations and experiments. A model begins as a coarse description of observed phenomena and may be refined, as more information is gathered. Models have limitations and are only applicable within certain limits. 

This course is designed not to focus on memorizing facts, but to learn about the process of science, about how models are developed, about understanding “why we believe what we believe.” (See Ref. below).  It is about learning to develop models, to understand the experimental evidence that is the basis for scientific models. You will succeed in this program based upon your ability to develop and apply models, not just on content. This creates conceptual understanding that will last a long time.

In this unit we begin to develop models of things that we can’t see – things that happen on a microscopic level. We don’t actually know what happens at a microscopic level, but we try to develop models that will explain many observable (macroscopically measurable) phenomena. It is possible that more than one model is acceptable, if each model can explain the observed phenomena. 
When you work problems, you will be applying the models you have learned in class. The answer to a homework problem is not as important as the process. There are about 50 ways to work every homework problem; there is not one correct way. You will be graded on whether your process is 
1) well thought out 

2) clearly written 

3) does not contradict any experimental evidence or models you have developed and 
4) is self-consistent. 

If you are hesitant about whether you understand a concept correctly or whether your process in working a homework problem or exercise is correct, go through the concept or problem and make a clear argument for every step. If you cannot make a clear argument, defending every step, then you probably do not have a solid understanding of the concept(s). If you can make a clear, non-contradictory argument that is consistent with experimental evidence and models you have developed, then you do have a reasonable understanding of the concept. 
Reference: Arnold B. Arons, A Guide to Introductory Physics Teaching, (John Wiley and Sons, New York, 1990) pp. 314-316.   
A STUDY OF CHARGE
Objectives:

1. to learn that scientific models are based on observations and to learn how scientific models are developed from observational evidence

2. to learn about the nature of charge

3. to understand the difference between observation and inference

4. to understand that models may not be complete and that models may change as more experimental evidence is discovered

5. to be able to develop experiments with charged objects which would be able to distinguish different types of charges and to understand the nature of charge within macroscopic objects; for example, to be able to develop experiments to distinguish objects with zero net charge from objects with no charge or to distinguish objects with a third type of charge from objects with zero net charge

6. to understand the difference between a conductor and an insulator and to develop a model for the arrangements of charges within a conductor or within an insulator in different situations (when charged objects are nearby or not)

7. to understand how to discharge a charged object

8. to understand the concept of charging by induction


In the experiments that follow, questions will often be asked.  The answers to these questions should be placed into your lab notebook, usually in the space provided by the questions.  A loose-leaf is probably best.  You will utilize these notes in class discussions and it is important that you keep a record of these discussion conclusions as well.  This information will help in your study for exams and quizzes. 

1. You and your partners should each place a 10 cm or so long strip of tape on the lab table with the sticky side down, with the end of each tape curled over to make a non-stick handle. Peel your tape off the table and bring the non-sticky side of the tape toward your partner's strip. What happens as the tapes get closer together?
________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

 

2. Place two strips of tape on the table sticky side down with a non-stick handle and label them "B" for bottom. Press another tape (with a non-stick handle) on top of each of the "B" pieces; label these strips "T" for top. Pull each pair of strips off the table. Then pull the top and bottom strips apart.

i. Describe the interaction between two top strips.

ii. Describe the interaction between two bottom strips.

iii. Describe the interaction between a top and a bottom strip

iv. In each case, how does the distance between the tapes, affect the interaction between them?

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

3. We say that the tapes are charged. Based only on the experiments you did in part 2, answer the following questions.

(i) Do the experiments in part 2 provide evidence of the number of types of charges that exist? Explain your reasoning. If so, for how many types of charge do you have evidence? Explain.
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(ii) Do you have sufficient evidence (based on the experiments in part 2) to determine the number of types of charge that exist (could there be more or fewer charges than in your answer in part i above)?
If so, explain why the evidence in part b is sufficient. 
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(iii) Explain in detail why the evidence you have is sufficient to determine the number of types of charge that exist and why no further experiments are needed.

If not, explain why the evidence in part 2 is not sufficient. Are there further experiments that need to be done in order to determine the number of types of charge that exist? If so, what experiments would you do? Explain how these experiments would determine if the number of types of charge you found in part b is the number of types of charge that exist, or if there is a different number of types of charge than you found in part b.
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4. Bill and Joe found evidence for two types of charge in part 2. They called them "Top" and "Bottom" and made a table to indicate how a Top charge would interact with a Bottom charge, how a Top charge would interact with another Top charge, and how a Bottom charge would interact with another Bottom charge. They tried to determine experiments that would give evidence of a third type of charge. They tried to think about how a third type of charge would interact with the two types of charge they had found so far.

 

Make a table that would indicate how the number of types of charge you found evidence for in part 2 would interact with each other.

	
	Type 1 (+)
	Type II (-)
	Type III ()

	Type 1 (+)
	
	
	

	Type II (-)
	
	
	

	Type III ()
	
	
	


 

If there were an additional type of charge than the number you found evidence for in part 2, complete the table with an additional type of charge. Can you determine how one additional charge type would interact with each of the charges found so far? Can you definitively fill in all of the spaces in the table for this additional type of charge? Can you fill in possibilities for all of the spaces in the table consistent with an additional type of charge? 
Discuss your conclusions so far about how many types of charge there with your partners are and the experimental evidence you have to support your claims. Be prepared to discuss your group’s conclusions with the class.

PREDICTIONS

In science, it is normal to do experiments but most (not all) experiments are based on previous knowledge.  As you gain knowledge in this class, you will use previously accumulated knowledge as a basis for understanding new phenomena.  The way this is done is to propose an experiment and then predict what you expect will happen if you understand what is going on. If your prediction matches the observations, then you can feel confident of your knowledge (unless another experiment forces you to change your mind.
In this course you will often be asked to write down a prediction before doing an experiment and then see if your prediction is correct.  It is obvious that you could easily skip this step and go directly to the experiment but this lack of thought will translate into a lack of understanding of the material. Be sure to write your predictions and your observations in clear, complete sentences because you will need to review some of these items when you study for quizzes and exams.

5. Charge it up!  So far you have found definitive evidence for two types of charge. We will follow Bill and Joe and call them Top and Bottom.  Write your predictions in the following section.  In some cases, clicker questions will be used for predictions and observations. The choices will be made available at the time an answer is required.
 

a. Rub a rubber rod with a piece of fur and it interacts with other items like either a Top or a Bottom piece of tape. A Bottom piece of tape will be brought near the rod.
· How do you expect the rod interact with a Top piece of tape? Think about whether it will interact at all or if you don’t have enough information to even guess.
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Rub a glass rod with a piece of silk. 

· How do you think the glass rod and the silk interact with each piece of tape?
 

b. Hang a metal-coated puth ball attached to a non-conducting thread from a hook attached to a rod stand (or whatever is convenient). Rub a rubber rod with fur and bring it very near but not touching the metal-coated ping-pong ball. Observe the interaction.

 

c. Rub a rubber rod with fur and bring it very near but not touching the pith ball.
· What will happen?

 

d. Hang two strips of aluminum foil from a wooden rod using transparent tape. Rub a rubber rod with fur and touch the rod to each piece of aluminum foil.

(i) How will the two pieces of aluminum foil interact with each another?

(ii) What will happen when you bring the rod near, but not touching the pieces of aluminum foil?

(iii)What will happen when you bring a glass rod rubbed with silk near the two pieces of aluminum foil that were touched by the rubber rod?
e. Consider the following questions. Determine which ones can be definitively answered, based on your observations only, and answer them. Determine which questions cannot be answered, based on your observations only. Of the questions that cannot be answered based on your observations, only, could you answer them by doing further experiments? If so, describe experiments you could do that might answer the questions. Be prepared for discussions.
· Is charge a property of an object? Explain. 

· Describe the nature of charge. 

· Can charge be transferred from one object to another? Explain. 

· Is it possible for an object not to have charge? Explain. 

· Is it possible for an object to have more than one type of charge? Explain. 

Using the above questions as a guide, the experiments you have done and any you wish to do, develop a model based on both inferences and observations to describe charge and its interactions (how it moves inside an object or from object to object). An inference is a conclusion drawn from your existing evidence and reasoning. Before developing your model, determine what inferences you would make. 
· List your inferences. List your observations. 

· Write down a model that combines your inferences in a way that could be used to predict and explain observations. Your model may not be complete, in that it may not be able to predict all future observations. Models change. It should be based on your present information. Your model should describe what you know about charge at this time. Do not include information from other sources. It should be able to predict your present observations. 

Answer on the next (blank) page:

Answer here:
Could your model be used to answer the 5 questions above? 

The class will now discuss the various models. Try to participate to the best of your ability.  Talking through a model often produces inconsistencies that need to be resolved and when this happens, learning happens as well.
6. QUESTION: Could your model be used to distinguish how an object with equal amounts of "Top" charge and "Bottom" charge would behave differently from an object with no charge? 
a. How would an object with no charge interact if brought near an object with mostly "Bottom" charge? 
How would an object with no charge interact, if brought near another object with mostly "Top" charge? 
How would an object with no charge interact, if brought near another object with no charge? Explain you reasoning. Base your reasoning on your present model. 

b. If an object had equal amounts of "Top" and "Bottom" charges, how would it interact when brought near an object with mostly "Top" charge? How would it interact when brought near an object with mostly "Bottom" charge? Be prepared to explain your reasoning. 
c. (DEMONSTRATION) – Materials: an empty soda can, a rubber rod and fur. Rub the rod with the fur. Lay the can on its side on a table and hold the rod near, but not touching the can. 

· What will happen to the can? 
Repeat with a glass rod rubbed with silk. 

· What will happen to the can? 
d. Based on your model, does the soda can contain charge? Does it contain only one type of charge? Does it have more of one type of charge than the other? Could it have equal amounts of "Top" charge and "Bottom" charge? Are there any other possibilities? Discuss and Explain. 

Bill and Joe did Experiment c Bill said that the result was exactly consistent with the soda can having a third type of charge. 
· Is Bill correct? Explain your reasoning. 
· If Bill is correct, does this mean that the can is charged with a third type of charge? Or is there another explanation? If there is another explanation, devise an experiment to distinguish if the can is charged with a third type of charge from the other explanation. You do not have to carry the experiment out. Describe the experiment in. Explain your reasoning. 
1. Prepare to discuss your experiment and explanation with the class. 
· Based on any of your experimentation, do you have evidence for the existence of a third type of charge? Does this mean that a third type of charge does not exist? Could you do experiment(s) to determine if a third type of charge existed? Could you prove the existence of a third type of charge? Are there any experiments that could be done to prove that a third type of charge does not exist? Explain your reasoning. 
· Based on any of your experimentation, do you have evidence for the existence of an object with no charge? 
2. If so, explain the experiment and your reasoning. 
3. If not, does this mean that an object with no charge does not exist? Could you do experiment(s) to determine if an object with no charge exists? Could you prove the existence of an object with no charge? Are there experiments that could be done to prove that an object with no charge does not exist? Explain your reasoning.
If you wish to change your model of charge at this time (or correct it), this is a good time to do so.  Enter your new model or the changes in your notebook.

You have determined that objects with equal amounts of “Top” and “Bottom” charge can be distinguished from objects with no charge. 
· How does an object with equal amounts of “Top” and “Bottom” charge interact with another object with equal amounts of “Top” and “Bottom” charge? 
· A metal-coated pith ball interacts with a charged object as if it has equal amounts of “Top” and “Bottom” charge. How do two metal-coated pith balls interact with each other? 
· How do you think an object with no charge would interact with another object with no charge? 
· Based on your model of charge, draw a picture of two objects with equal amounts of “Top” and “Bottom” charge near each other, but not touching. Could your picture be used to help someone understand the interaction of the two objects? 
· Draw a picture of one object with equal amounts of “Top” and “Bottom” charge on the left and one object with more “Top” charge than “Bottom” charge on the right, near each other, but not touching. Could your picture be used to help someone understand the interaction of the two objects? 
· Draw a picture of one object with equal amounts of “Top” and “Bottom” charge on the left and one object with more “Bottom” charge than “Top” charge on the right, near each other, but not touching. Could your picture be used to help someone understand the interaction of the two objects?
· Would it make sense to say that an object with equal amounts of “Top” and “Bottom” charges has no total charge? Explain. 
Aluminum Foil Experiments
Equipment: 

transparent tape 

1 rod stand 

1 wooden rod 

aluminum foil 

index card 

1 rubber rod 

1 piece of fur 

1 metal rod 

1 right angle clamp 
In the last section, you determined that there was evidence for two types of charges. We called them “Top” and “Bottom” charges. More commonly, they are called “positive” and “negative” charges. When a rubber rod is rubbed with fur, the charge of the rod is called “negative” and the charge of the fur is called “positive”. We will use this terminology in the rest of the course. Objects with equal amounts of positive and negative charges are said to have no total charge or no net charge. 

a. Cut two pieces of aluminum foil in a rectangular shape 1cm × 3cm and hang them side by side, touching each other, as in the picture below, from a wooden rod, using a piece of transparent tape. 

[image: image5.emf]
Bring a charged rod near, but not touching the edge of the piece of aluminum foil, as shown in the picture below. 
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While the rod is still near the foil, move the pieces of foil apart. 
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Then remove the rod. 
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Is there a charge on either piece of foil? Use “Top” and “Bottom” pieces of tape to determine whether there is a net charge on each piece of foil. 
b. Repeat part a with paper (use an index card) instead of aluminum foil. 
Is there a charge on either piece of foil? 

c. Discuss the difference between the results of part a and part b. In which piece of material does charge move more freely? 
EXTRA EXPERIMENT IF THERE IS TIME
During this session, you rubbed a rubber rod with a “fur” material and observed that it became charged.  What about using different materials?  Devise a simple experiment, using the materials that are available in this unit, to compare the effect of different materials being rubbed on the same rubber rod. (A kit for this purpose is available from your instructor.)  Discuss your planned experiment with your instructor before starting.  Write your observations and conclusions on this page.
SUMMARY
You should understand that scientific models are based on observations and how scientific models are developed from observational evidence. You should understand the difference between observation and inference. You should understand that models may not be complete and that models may change as more experimental evidence is discovered. You should understand the nature of charge. You should be able to develop experiments with charged objects which would be able to distinguish different types of charges and to understand the nature of charge within macroscopic objects; for example, to be able to develop experiments to distinguish objects with zero net charge from objects with no charge or to distinguish objects with a third type of charge from objects with zero net charge. You should understand the difference between a conductor and an insulator and be able to develop a model for the arrangements of charges within a conductor or within an insulator in different situations (when charged objects are nearby or not). You should understand how to discharge a charged object. You should understand the concept of charging by induction.
BRIEF ASSIGNMENT:  Read about the electroscope on the internet.  The link can probably be found on the class web page (remind your instructor to put it there).

http://www.physicstutorials.org/index.php/home/electrostatics/electroscope
Welcome to Studio Physics!





In this unit we will investigate the properties of electrostatic forces in preparation for more quantitative studies.  There is much to do in this unit so be sure to have read the short pre-reading assignment associated with it.
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