LAB 3 (A & B)     																			Dave Henry�PRIVATE ��



Teacher Notes

	

	Lab 3A:



		When Scotch tape is pulled from a dispenser, it becomes charged.  The tape can be used for several activities.



		In the first activity students discover that there are two kinds of charge.  They first label them "top" and "bottom," but later figure out which is positive and which is negative.



		If you don't have silk available, you can tell the students that plastic rubbed with foam rubber (or wool) will be negative.



		I have discovered that different kinds of tape will be charged differently!  Be sure that you use only one brand, so the results are consistent.  Scotch brand works the best





		What Students Should Know Before This Activity



			This is meant as the first activity for electricity so the students should only have whatever knowledge they have from life experience.



		Extensions for Lab 3A



			1)	Use a piece of tape to determine the charge on a TV screen (or computer monitor).  The charge is a consequence of the electrons which are shot from the back of the tube, hitting the inside of the screen.  Try to explain your results.





			2)	Try different brands of "Scotch" tape and determine if the results are always the same.





			3)	Develop an experiment to determine how long the charge stays on the tape.  What factors does the discharge time depend on?



	Lab 3B:



		What Students Should Know Before This Activity

		

			a.	The students should be familiar with insulators and conductors.



			b.	The students should be familiar with how a conductor becomes polarized when close to a charged object.



			c.	The students should be familiar with drawing charge distributions; showing how charge is distributed on a charged or polarized object.



		Extensions



			a.	Have the students try to design and build their own electroscopes.  (Pop cans and small pieces of audio tape work nice.)

�ELECTROSTATICS										Name	                                    

Activity  3A.

					

INTRODUCTION



	We all encounter static electricity in some form everyday.  This activity uses common materials to study static electricity.  Before beginning this activity you should obtain the following materials:

	

	Styrofoam cups					Styrofoam plates

	sheet of plexiglass					"magic" (Scotch) tape

	A piece of white plastic tube		Glass test tube

	A piece of foam rubber, fur or wool	

	A piece of silk



You should work in groups of two.  Each person will turn in a paper.



Charging by Friction



When two materials with different affinities for positive and negative charges are rubbed together or separated, one may end up with an excess of electrons and the other with a depletion of electrons, giving the materials net negative and positive charge.  This will occur to some extent with any two materials, but the results may not be obvious unless the materials are good insulators.  This process is called triboelectric charging.  The actual mechanisms of friction or contact charging are complex and not fully understood.  Depending on the nature of the materials, surface impurities, moisture, etc. and may involve both motion of electrons and ions.  The contact between dissimilar surfaces seems to be an important feature, with rubbing acting to increase the number of contact points.



You will be investigating charging object by friction.  When you are asked to write your observations, please do so in a neat, clear, and complete manner.



1)	Tape a long piece of thread to the bottom of a styrofoam cup and hang the cup from the ceiling or support rod so that the cup moves freely.  Spend about 15 minutes playing around with your setup.  You may want to try some of the following:



	a)	Rub the cup with wool or fur.  Rub another cup with wool or fur and bring this cup near the hanging cup.



	b)	How does distance between the cups affect the results you observe?



	c)	Take a styrofoam plate and rub its bottom against a piece of plexiglass vigorously.  Bring the plate near the hanging cup.  Bring the plexiglass near the hanging cup.



	d)	Rub a balloon with your hair and bring it near the cup.



	e)	Bring an uncharged object close to the cup.



	f)	Hang two or more cups near each other and see what happens when they are charged.  You can also try charging other objects and using the hanging cup to "test" the charge.



	g)	Rub a styrofoam plate with your hand to discharge it.  Now rub just half of the plate with wool or fur.  Bring the plate near the hairs on your arm.  See if you can determine which part of the plate is charged.

�3)	The forces between charged objects are called electric forces.  When a charged object is brought close to the hanging cup, the cup is acted on by three forces:  gravitational force pulling down, the string tension pulling along the string, and the electric force.  Can you keep the hanging cup in a stable position with a single charged cup or plate?  With a single sheet of plexiglass?  With two or more charged objects?





	Sketch force diagrams showing all of the forces acting on the hanging cup for at least two different situations.

































Charged Tapes



1)	a)	Pull a 15 cm (approximate) piece of tape off of dispenser and hang it from your desk so that it isn't clinging to anything and it is free to swing.



	b) 	Rub the plastic tube with the wool, fur or foam rubber.  Once or twice is enough.  Try not to get the material all sweaty - it won't work as good that way!



	c) 	Bring the tube close to the tape.  Write your observations.  Briefly try to explain what is happening.



















�2)	a) 	Using a pen or pencil, mark the hanging piece of tape "T."  Pull two more pieces of tape off of the dispenser.  Make tabs on one end of each by folding over about 1 cm.  This will make them easy to remove when you are done.  Put one piece flat on your desk and mark it "B"  (for "BOTTOM").  Put the other piece directly on top of the first and mark it "T" (for "TOP").  Your fine instructor might demonstrate this procedure.  Now slowly pull up the bottom piece from the table so that you have the two pieces stuck together.  Rub both sides of the tape with your fingers to get rid of any charge.  Quickly pull the two pieces apart.  Hang them from your desk as you did with your first piece of tape.  You should have two "T" tapes and one "B" tape.



	b) 	You can determine if like charges repel or attract by bringing one T tape close to the other.  What do you observe?  What is your conclusion?

















	c) 	Rub the tube again and bring it close to the hanging tapes.  How does the tube affect the T and B tapes?





















	d) 	From your observations so far, can you determine if there are different kinds of charge?  Explain your answer.



















	e) 	What kind of charge (T or B) is on the tube?  Explain the evidence for this answer.

�3)	Historically, we name the two kinds of charge "positive" and "negative."  This is only a convention, we could just as easily call the charges "T" and "B".  Can you determine which of your tapes (T or B) tape is positive and which is negative?  Explain your answer.























4)	a)	Use your tapes to fill in the following table.  Some of the supplies are limited, so please share with other groups.  You choose the materials for the last two rows.  (Leave the last column blank for now.)



�PRIVATE ��Object/Rubbed with�Attracted or Repelled  T tape?�Charge on object 

(T or B)���Plastic tube/fur�����glass test tube/silk�����plastic tube/wool�����Styrofoam plate

(Rubbed on plexiglass)�����Plexiglass�����



	b)	It is well known that the charge left on glass when rubbed by silk is positive.  Use the last column to note whether the charge is positive(+) or negative(-).  For reference remember if the T charge is positive or negative.

�Questions for discussion.

Please answer to the best of your ability.  If you don't know an answer, try to look it up someplace!



1)	a)	Before you pulled the two tapes apart, was there any charge on them?  









	b)	When you pulled the tapes apart, where did the charge on each tape come from?  









	c)  Try to explain what is happening, on a molecular level, when you rub the tube with the foam.





















2)	In a normal atom, how many electrons are there compared to the number of protons?







3)	Your body has BILLIONS and BILLIONS of electrons and protons in it.  Why don't we all repel or stick to each other?













4)	Which has more mass, a proton or an electron?  Are they different by a lot or a little?









5)	Is an electron in a hydrogen atom the same as an electron in a uranium atom? 







Things to try at home:



	a)	Using tapes like we did in class, determine if a TV screen is "T" charge or "B" charge.



	b)	Test the clothes when they come out of the dryer.



	c)	Scuff your feet (with shoes on) and see if you can get charged enough to attract or repel the tapes.

�ELECTROSTATICS

Activity B.							Name                                  



Charging by Induction



Introduction



	During this activity you will make an electrophorous (BIG word - simple device) and use the electrophorous to study charging by conduction and induction.



	Before beginning this activity you should have the following supplies:

	

	Aluminum pie tin

	plastic cup

	tape or glue

	electroscope 

	plastic tube

	foam rubber, wool, or fur





1)	Making an electrophorous



	An electrophorous is a device which gets charged by induction.  To make your electrophorous, you will need 1 pie tin, 1 styrofoam plate, 1 plastic cup and some tape.	



	Using tape (double sided tape works well) or glue, secure the plastic cup upside-down on the inside of the pie tin.  The diagram below shows how this might look.  Place the pie tin on the styrofoam plate.  Congratulations! you're done making your electrophorous.

�

2)	Using an Electrophorous



	a)	Use a piece of wool or fur and rub one side of the styrofoam plate.  This will charge the plate.  Using the plastic cup as a handle, place the pie tin on the charged plate.  The tin will not become charged by direct contact because it only contacts the plate in a few places.  However, the tin does become polarized!  Use the diagram below to show the charge distribution on the pie tin.  The thickness of the tin has been greatly exaggerated.

�	b)	If the tin is grounded while on the plate, it will be charged by INDUCTION.  You should feel a small spark when you touch (ground) the tin.  Take your finger away and lift the tin off the plate. Touch the tin now.  You should feel a small spark as the tin is discharged.  Using the diagrams below, sketch the charge distribution on the pie tin for each step of charging by induction.  Briefly explain what happens in each step using complete sentence.  



		i. Start with a neutral pie tin resting on the charged styrofoam plate.





























		ii. Now ground the pie tin by touching it.































		iii. Now lift the pie tin off the plate.



























If the plate starts off negatively charged, what kind of charge is left on the pie tin?  Test your answer with top and bottom tapes.

�3)	Other Investigations using an Electrophorous



	a)	You can make an indicating electrophorous.  Try taping a small piece of audio tape (about 2 cm) o the pie tin.  The tape should hang down freely.  Audio tape is coated with bits of iron, thus it is a good conductor.





		Try charging and discharging your electrophorous and observing the tape or foil bit.  Write your observations and try to explain what is happening.





























	b)	Can you feel forces between the pie tin and the foam plate?  Is the force attracting of repelling?  Is this what you expect?















	c)	Try charging your electrophorous with a TV or Computer screen (which is turned on) instead of the charged plate.

�Electroscopes											Name                                      

�Activity 3B



Making your own electroscope



Any device used to indicate the presence of electrical forces has traditionally  been called an electroscope.  the simplest design was often made from a small piece of pith from the inside of a plant stem, such as elder.  You can make a simple "pith-ball" electroscope using a small foil bit instead of a pith ball.  An electroscope can also be made using a pop can and a strip of foil.



1)	Make one of the following electroscopes:



	a)	Connect two foil bits (your instructor has 

		kindly made) to the ends of a 10-cm long 

		piece of audio tape.  Hang the tape over a 

		foil straw which is supported on the rim of 

		a clear plastic cup or a beaker.























	b)	Make a Pop Can Electroscope:  Bend the pull 

		ring so that it sticks straight out from the 

		can.  Support the can on an upside down cup.  

		You may need to tape it on.  Be sure the tab 

		is horizontal.  Cut a strip of foil about 5 cm 

		long and 1/2 cm wide.  Form a loop in the 

		middle of the foil strip, using a pen or straw 

		works well.  Hand the loop over the end of the 

		tab on the can.  See the diagram at right.







2)	Bring a charged object (plastic tube or plate or your electrophorous) near, but not touching, the top of your electroscope.  Observe what happens.  (If nothing happens, ask your instructor to check out your craftsmanship.)  Take the charged object away and observe what happens.  Try this with both positively and negatively charged objects.



	Try charging your electroscope with your electrophorous.  Touch the charged pie tine to the electroscope.  Observe what happens.



	Using written explanations and diagrams, explain how your electroscope works.  That is, explain how it indicates charge and why it does this.

�

3)	Use the commercial electroscope for the following exercises.  If you have time, try using your electroscope.



	a)	Charge your electrophorous (the pie tin on the plate) and bring it close, but do not touch the top of the electroscope.  Take the electrophorous away and observe the electroscope.  Next to the diagram of the neutral electroscope below, sketch a diagram of the electroscope when you bring the charged electrophorous close to the top of the electroscope.  Show the charge distribution on the electroscope.  Briefly explain how he electroscope indicates the charged electrophorous is brought close.  Assume the charge on the electrophorous is positive.



		Get these answers checked out by your instructor or by a group that has been checked before you go on.













































	c)	Is charge transferred to the electroscope when the electrophorous is brought close?













	d)	Why does the electroscope go back to normal when the charged electrophorous is taken away?











	d)	If you brought a negative charge close to the electroscope, would it look different than when the positively charged electrophorous is used?  (Try it if you are un sure!)

�2)	a)	Ground your electroscope to make sure it is neutral.  Charge your electrophorous and touch it to the top of the electroscope.  Below sketch a diagram of the electroscope after it has been charged by the electrophorous.  Show the charge distribution on the electroscope.  Briefly explain why the straw on the electroscope stays deflected.  









































	b)	Try grounding the electroscope with your finger.  Charge it again and try grounding it in different places.  Does it matter where you ground it? Explain.

















	c)	With the electroscope charged, bring the charged electrophorous close to the top.  Try bringing the charged styrofoam plate close to the top of the charged electroscope.  What do you observe?  Explain what is happening by drawing the charge distribution on the electroscope for each case:

�Questions for Discussion



1)	A positively charged object is brought close to a neutral electroscope, which diagram best represents the charge distribution on the electroscope?



















2)	A positively charged object is brought close to a negatively charged electroscope, which diagram best represents the charge distribution on the electroscope?



















3)	Using the positively charged electroscope, could you determine the kind of charge (neg. or pos.) on an object?  Explain.











  





4)	Using a tube with a negative charge, a metal sphere is charged by induction.  What kind of charge will the sphere have?











5)	Explain why a charged balloon will stick to the wall even through the wall isn't charged.  A diagram showing charges may be helpful.















6)	In doing this activity, did you create or destroy charges?  Explain your answer.

�







 



 








