   INSTRUCTORS MANUAL:  TUTORIAL 4
This is a modified version of the full Tutorial 4 which has been adapted to be given in one shorter chunk during lecture, rather than in a separate 50 min recitation.

Goals:
1. Understand both how and why charges and conductors behave (learning goal 5)
2. Apply Gauss’s Law conceptually (rather than mathematically) (learning goal 9)
3. Consider potential differences for various situations (learning goal 10)
4. Test predictions experimentally (and resolve any disagreements)  (learning goal 7)
5. See the connection between physics and real life.
This tutorial is based on:
· Written by Darren Tarshis, Steven Pollock, and Stephanie Chasteen, with modifications by Ed Kinney, Michael Dubson and Markus Atkinson.
Tutorial Summary: 
Students learn the behavior/properties of conductors by analyzing a variety of situations with charges. They also consider voltage in these problems. 


Reflections on this tutorial
Total Time: ~10 min.  At least a few groups had made it to the last page at the end of 8-9 min.  As usual, we had a clicker question up asking the students to click in after finishing each page.  The recap/summary at the board was fairly quick
We were originally concerned that the tutorial would be too basic, but many misconceptions are revealed during the course of this tutorial. While one question might be simple, slightly changing it (by losing the symmetry), proved to be incredibly challenging for students and very clarifying to discuss.
	Students are generally quick to answer sketch the charge on the first situation, but it is useful to prod them for their reasons why.  For example, why did they sketch +Q on the surface of the inner conductor?  Some students appeared to have memorized this fact, but not full understand the relationship between the fact that E=0 in a conductor and the fact that all charge is on the surface. Several groups wanted to put positive charges on the outside of the outer conductor.  
	In question (i), students are asked to calculate the potential difference.  Students generally arrive at the correct answer though it appears to be a useful exercise to think about it.  One student initially asked if there needed to be an E-field to have a potential difference.   Another student was amazed to realize that in order to find the potential difference from zero to infinity, all you needed to know was the E-field between the two conductors –maybe only a millimeter!  While not every student immediately knew the answer to question (ii), this one did not seem to be too challenging after they had thought about the first situation.  
	When the symmetry of the situation was changed in question (iii), students struggled.  Every student observed initially answered it wrong.  Many intuitively thought that the inside charges would rearrange when the inner conductor was brought closer to the inside edge of the outer conductor. However, nearly all the students said that since there was a non-uniform build-up of negative charges on the inside surface of the outer conductor, these negative charges would cause the positive charges on the outside surface of the outer conductor to clump together non-uniformly. This shows the challenges of a conceptual understanding of shielding.  Students knew that E=0 inside the outer conductor, so the question is: do the inner positive and negative charges create a nonzero field inside the outer conductor, which would cause the outer charges to rearrange into a non-uniform manner?  A number of students also had a hard time knowing if the charges would become non-uniformly distributed on the inner cylinder now that the symmetry was broken.  
 A good way to recognize that the outermost charges are uniformly distributed is to ask the students this: If there was no outermost surface, or the shell was infinitely thick (changing the problem to that of a cavity in an otherwise-solid conductor), would E still be zero? The answer is yes; it has to be. So that implies that the inner charges cancel each other (shielding), and contribute to E=0 within the outer conductor and the outer charges must therefore be uniform.


Relevant Homework Problems
Gauss’s law and conductors 
Griffiths 2.35 (p. 101)

Gauss’s law and cavities 
Griffiths 2.36 (p. 101)
Please be sure to explain your reasoning on all parts, and add to this the problem the following: 
In part a,  be sure to sketch the charge distribution. 
In part c, sketch the E fields (everywhere in the problem, i.e. in the cavities and also outside the big sphere) 
f) Lastly - if someone moved qa a little off to one side, so it was no longer at the center of its little cavity, which of your answers would change? Please explain. 
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 TUTORIAL 4
CONCEPTUALLY UNDERSTANDING CONDUCTORS 

Part 1 – Conceptually Understanding Conductors

A coax cable is essentially one long conducting cylinder surrounded by a conducting cylindrical shell (the shell has some thickness). The two conductors are separated by a small distance. (Neglect all fringing fields near the cable’s ends).
Draw the charge distribution (little + and – signs) if the inner conductor has a total charge +Q on it, and the outer conductor has a total charge –Q. Be precise about exactly where the charge will be on these conductors, and how you know.


Perspective view:	Gap (insulated or air)
	Inner conductor	Thin conducting shell	Top view:
		     
	        -Q


	         +Q








			 

i. 

[bookmark: _GoBack]
If you were calculating the potential difference, V, (for the configuration in part (i.)) between the center of the inner conductor () and infinitely far away (), what regions of space would have a (non-zero) contribution to your calculation?





ii. Now, draw the charge distribution (little + and – signs) if the inner conductor has a total charge +Q on it, and the outer conductor is electrically neutral. Be precise about exactly where the charge will be on these conductors, and how you know.





	         +Q








iii. 
Consider how the charge distribution would change if the inner conductor is shifted off-center, but still has +Q on it, and the outer conductor remains electrically neutral. Draw the new charge distribution (little + and – signs) and be precise about how you know.






		 
		 +Q




 


(When you are done, please click the answer to the clicker question that is up.


If you still have time – try to  sketch the E field lines in the picture above, everywhere (inside, and outside)
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