Question 1: (1 point)  
Insert the names of everyone present in your group.  Then read the description below.  

[image: image18.jpg]Inner wire mesh





Problem Solving 5:  Shielding
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In this exercise we will be using java applications to illustrate how electrostatic shielding happens, and how we can charge an object by induction.  We want you to look at the first of these applications and answer some questions about it.  The application shows a conducting square box with eight positive (orange) and eight negative (blue) charges, whose charges are fixed, and an external charge outside the box, whose charge we can vary using the slider.  Click on this link to download the application.  
The charges interact via the Coulomb force, with a frictional damping force proportional to velocity and a Pauli quantum mechanical repulsive force at close distances
.  The electric field can be visualized using a "grass-seeds" representation (click on "Electric Field:  Grass Seeds").  The simulation controls are show below.
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Question 2: (1 point)  
Click on this link to download the application if it has frozen or you have accidentally closed it.  Do not have two running at the same time.  

Initially the charges are distributed randomly inside the conducting square.  Start your simulation and let it run until the charges settle down into a more or less stable configuration.  Then “Ground” the conducting square by clicking on the button with that label.  When you ground the square,
1. Some of the charges run off to infinity.

2. All of the charges run off to infinity.

3.  None of the charges run off to infinity.

Answer:  3.  None of the charges run off to infinity.  Our charges are overall neutral and there is no net charge to push them off to infinity once they settle down.   
Question 3: (1 point)  
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Click on this link to download the application if it has frozen or you have accidentally closed it.  Do not have two running at the same time.  

Click on “reset’ (far right bottom button).  Make sure your conducting square is not grounded.  Press Start.  Use your slider to run the charge on the external charge up to maximum negative or maximum positive.  Let things settle down.  Then take a look at the electric field configuration by using the grass seeds representation.  We show to the right a grayscale version of one of the grass seeds representations you might see.  
From this image, can you tell whether the charges at the top of the conducting square are positive or are negative?  Explain your reasoning.  
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Answer:  If the external charge is positive, then the charges at the top would be negative, and if the external charge is negative, then the charges at the top would be positive, but since we do not know the sign of the external charge we cannot choose between these two.  All we know is that the charges at the top have the opposite sign as the external charge, but we cannot say more than this.  
[image: image14.jpg]



Question 4: (1 point)  
Click on this link to download the application if it has frozen or you have accidentally closed it.  Do not have two running at the same time.  

This question concerns exactly the same situation as we asked about in the previous question.    

In the configuration shown in the image, will the strength of the electric field at the center of the box be greater than or less than the strength that would be there if there were no charges inside the box (that is, if we simply had the external charge and no other charges)?  Explain your reasoning.  

[image: image4.jpg]Bsowce B0 QAL DR@iv >~ |WG|ESIB 7 U m[x 2

il -] size -





Answer:  The strength of the electric field at the center of the box will always be less than the strength that would be there if there were no charges inside the box.  This happens because the charges that have been attracted to the top of the box have the opposite sign of the external charge, and thus at the center of the box their field will oppose the field direction of the electric field of the external charge, and will therefore reduce the strength of that field at the center compared to what would be there if there are no charges in the box.  The same is true for the effect of the charges at the bottom of the box, since they have the same charge as the external charge, and therefore at the center of the box their field will again oppose the field direction of the electric field of the external charge, and will therefore reduce the field strength at the center compared to what would be there if there are no charges in the box.  
Question 5: (1 point)  
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We now want you to look at a short video of an electroscope experiment.  The electroscope is a device used to detect the presence and magnitude of electric charge. The electroscope consists of a metallic circular plate (top), a vertical metal rod, and another rod that is pivoted at the center of the vertical rod and is electrically connected to that rod. The second rod is free to move in the vertical plane about the central pivoted point. The circular plate of the electroscope is connected directly to the pivot mechanism in the middle and is insulated from the circular metal housing.

In the experiment, a positively charged rod (clear plastic rubbed with fur) is brought close to the plate of the electroscope but does not touch the plate. The rod is then moved away.  The video of this experiment is at this link.  

In the context of the questions you answered above, describe in as much detail as you can about what is going on in the movie, and in particular address why the pivoted rod of the electroscope moves in the movie.  
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Answer:  The experimenter is moving a positively charged rod close to the metallic circular plate (top), which attracts negative charge to that plate.  This leaves behind unbalanced positive charge on the two rods at the other end of the system.  Since both rods are charged positive, they repel, causing the rod which is pivoted to try to “get away” from the rod vertical rod that is stationary.  
Question 6: (1 point)  
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We now go back to our java application above.  Click on this link to download the application if it has frozen or you have accidentally closed it.  Do not have two running at the same time.  

Click on “reset’ (far right bottom button).  Initially your charges are randomly distributed and you have equal numbers of positive and negative particles.  By performing a certain sequence of actions you can end up with the configuration of charges shown to the right (no positive charges, with the negative charges symmetrically arranged around the edges of the conducting square).

Figure out how to do this and explain the sequence of actions you perform in the box below.
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Answer:  First put the external charge up to maximum positive charge (orange).  This will attract all the negative charges (blue) to the top of the box and repel all the negative charges to the bottom of the box.  If there are some bound negative/positive charges left at maximum external charge, we can break those up by varying from max positive to max negative and back again.  Then ground the square.  The positive (orange) charges will run off to infinity.  Wait until they are far away.  Then unground the conducting square and set the charge on the external sphere to zero.  Let the remaining negative charges settle down.  They will end up on the borders of the square, as shown.  
 Question 7: (1 point)  
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We now want you to predict the outcome of a different electroscope experiment.  As before, the experimenter brings a positively charged rod close to the plate of the electroscope without touching it.  But in this case, with the charged rod still close to the electroscope, she touches the electroscope on the side opposite to the side where the rod is, then releases her hand, and then moves the rod away.  She never touches the positively charged rod to the electroscope.  

In the box below, make the following predictions, providing explanations for each.
a) Predict what will happen when the charged rod is brought close to the electroscope without touching. 


b) Predict what will happen when the experimenter touches the top of the electroscope on the side opposite to the side where the rod is with her hand, while holding the rod nearby.  Explain.  

c) Predict what charge (positive, negative or none) will be on the plate after the experimenter’s hand and then the rod have been removed, in that order.   Record your prediction and explain it.
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Answer:  (a) The experimenter is moving the positively charged rod close to the metallic circular plate (top), which attracts negative charge to that plate.  This leaves behind unbalanced positive charge on the two rods at the other end of the system, and they will separate.  (b) When she touches the electroscope on the side opposite to the side where the rod is, the positive charge can run off to infinity, and does so.  The pivoted rod then becomes vertical again, because there is no charge in that region.  (c) When the experimenter stops touching the metal circular plate, and moves the charged rod away (in that order), the negative charge on the metal plate that was held in place by the presence of the charged rod spreads out over the electroscope, and in particular the vertical rod and the pivoted rod are now both charged negative, and the pivoted rod rotates from vertical, indicating the presence of that negative charge.  We are left with the electroscope negatively charged.
Question 8: (1 point)  

Now look at a movie of the electroscope experiment described above.  Remember, the experimenter brings a positively charged rod close to the plate of the electroscope without touching it.  With the charged rod still close to the electroscope, but not touching it, she touches the electroscope on the side opposite to the side where the rod is, then releases her hand.  Then she moves the rod away.  

The movie is at this link.  
Watch this movie and compare it to what your predictions a)-c) in the previous question.   
[a) Predict what will happen when the charged rod is brought close to the electroscope without touching;  b) Predict what will happen when the experimenter touches the top of the electroscope on the side opposite to the side where the rod is with her hand, while holding the rod nearby;  c) Predict what charge (positive, negative or none) will be on the plate after the experimenter’s hand and then the rod have been removed, in that order.]
How do your predictions compare to what actually happened?  Where were your predictions wrong, and why was your reasoning defective when you were wrong?
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Answer:  The answer depends on the students predictions.  
Question 9: (1 point)  

Now we look at a different application where our charge external to the conductor is inside a hollowed out region of a conductor.    In this case we have a cylindrical conductor with an outer and inner radius and inside the inner radius is a central charge whose charge we can control with a slider, as in the previous application.  The application is at link.  
Without actually doing this, predict a sequence of actions you can take which will leave the conductor with a net positive charge with the center charge set to zero.   Where will this net positive charge reside when you are finished?
[image: image9.jpg]Bsowce B0 QAL DR@iv >~ |WG|ESIB 7 U m[x 2

il -] size -





Answer:  Start the simulation, run the center charge up to large negative and let things settle down.  Ground the conductor.  Let the charges run off to infinity (wait a while).  Then unground the conductor and set the central charge to zero (in that order).  We are left with a net positive charge lying on the exterior of conductor.  
Question 10: (1 point)  

Now carry out the sequence of actions you described above.   Does your proposed sequence of actions have the effect you wanted?   If not, where was your sequence wrong and why was your reasoning defective when you were wrong?
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Answer:  Depends on the predictions of the student.    
Question 11: (1 point)  

Now lets apply what we have learned above to the Faraday ice pail experiment you did in class.  The second applet we used was a visualization of what goes on in the inner wire mesh of your Faraday ice pail.  The experiment you actually did has an outer wire mesh that we did not try to include in our simulation.   But here we will ask you questions about that outer wire mesh as well. 
To make the geometry more tractable, onsider two nested spheres, the inner one with inner radius a and outer radius b, and the outer one (the “shield”) with inner radius c and outer radius d (as pictured below).  Just as in your experiment, the outer surface of the shield is tied to ground, so that the potential V(r = d) = V(r = () = 0.

Just as in the experiment we begin with a completely discharged system (the net charge on both the inner conductor and the shield is zero).  We then introduce a charge +Q into the center of this system at r = 0, as pictured.
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Below are four possible choices for the net charge (if any) on each of the four surfaces of the conductors after the +Q charge is introduced and the charges have reached equilibrium.  Choose the correct one.  
1.  Q(r = a) = - Q,   Q(r = b) = + Q ,   Q(r = c) = - Q,   Q(r = d) = +Q

2.  Q(r = a) = - Q,   Q(r = b) = + Q ,   Q(r = c) = 0,   Q(r = d) = 0

3.  Q(r = a) = - Q,   Q(r = b) = + Q ,   Q(r = c) = - Q,   Q(r = d) = 0
4.  Q(r = a) = - Q,   Q(r = b) = 0 ,   Q(r = c) = 0,   Q(r = d) = 0

Answer:  Q(r = a) = - Q,   Q(r = b) = + Q ,   Q(r = c) = - Q,   Q(r = d) = 0.  The central charge is positive, which attracts negative charge on the isolated inner conductor to r = a, leaving behind positive charge at r = b.  But negative charges at infinity see the positive central charge and run on to the outer wire mesh because they still see the electric field of the central charge.  Infinity is essentially an infinite pool of charge of either sign that will come in from infinity in response to any net electric field.  These negative charges then reside on the inner surface of the outer conductor, r = c.  They will eventually completely shield the region beyond r = c from the electric field of the central charge, after they build up to –Q.  There is thus no charge at r = d.  
Question 12: (1 point)  
With the positive charge in the center, we briefly attach the inner conductor to the outer conducting shield (a wire connects from r = b to r = c).  After removing the connection we then remove the central charge +Q, leaving the situation shown below. 
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Below are four possible choices for the net charge (if any) on each of the four surfaces of the conductors after we perform these actions.     Choose the correct one.  

1.  Q(r = a) = 0,   Q(r = b) = 0 ,   Q(r = c) = 0,   Q(r = d) = 0

2.  Q(r = a) = 0,   Q(r = b) = - Q ,   Q(r = c) = 0,   Q(r = d) = 0

3.  Q(r = a) = 0,   Q(r = b) = - Q ,   Q(r = c) = + Q,   Q(r = d) = 0

4.  Q(r = a) = - Q,   Q(r = b) = +Q,   Q(r = c) = 0,   Q(r = d) = 0

Answer:  Q(r = a) = 0,   Q(r = b) = - Q ,   Q(r = c) = + Q,   Q(r = d) = 0

Before we attach the wire between r = b to r = c, the charge is distributed as in the problem above, that is Q(r = a) = - Q,   Q(r = b) = + Q ,   Q(r = c) = - Q,   Q(r = d) = 0.  When we attach the wire, the charge at r = b on the inner conductor is no longer isolated, and the charge at  r = b will run off through the wire to r = c and cancel out the +Q charge there.  The charge at r = a (-Q) will stay put because it is attracted to the central +Q charge.  When we remove the wire the inner conductor is isolated again, and its net charge of –Q can now no longer change.  When we remove the central +Q charge, the –Q at r = a no longer remains there because there is no longer a central charge to attract it to the center, and it migrates to r = b because it wants to get as far away from the other negative charge as it can.  But it can go no further.  Now charges at infinity see a net negative net charge on the inner conductor, and a +Q comes in from infinity to reside on r = c because it is attracted to the net –Q on the inner conductor.  Once that is in place there is no longer any electric field outside r = c to attract charge in from infinity, and we are left with Q(r = a) = 0,   Q(r = b) = - Q ,   Q(r = c) = + Q,   Q(r = d) = 0.

































� Note that our simulated positive and negative charges have equal mass and both are equally free to move about.  In addition they can form bound systems.  In a real conductor the negative charges are much lighter than the positive charges, and the positive charges sit in a bound lattice and do not move (much).  Moreover the negative charges that are free to move are not bound to positive charges but move around freely in a sea of positive charge.  Nonetheless we can use our simulations to understand something about what happens in a conductor.  





