   INSTRUCTORS MANUAL:  TUTORIAL 11a
Boundary Conditions for the Magnetic Field
Goals:
1. Review the derivation of boundary conditions using “Stokes loops” and “Gauss’ law”
2. Practice with vector calculus, as well as limiting procedures
3. Communicate reasoning/thought process to group members, LA, and Instructor (learning goal 4) 

This tutorial is based on:
· Tutorial from Brad Ambrose, Grand Valley State University
· Written by Brad Ambrose, reworked slightly by Steven Pollock. 
Tutorial Summary: 
Students use stokes’ loop and pillbox to derive the usual boundary conditions (B_perp is continuous,  B_parallel is not continuous, with discontinuity given by surface current) 

Needs About 25 minutes of class time. (?)  We did it in two pieces in 2013: 10 minutes at end of class on Monday for page 1 (with a wrapup), then 15 more minutes at start of class on Wed for the “Stokes” portion, then wrapup…  

Some reflections on this tutorial:
Total time: ~25 minutes.   The first page took about 10 min at the end of one class, including a quick summary.  The second page and summary was an additional 15 minutes at the start of the following class.
The tutorial needs clear setup:  The setup is, a small chunk of conductor, maybe there are very complicated currents off to one side of the picture, and there is J everywhere, and there is a K on the surface. So the B field pattern could be complicated. But we’re interested in continuity across a boundary…
Part A  Students are not all remember Divergence theorem, they are also sometimes arguing that since div(B)=0, “we can’t learn anything” from this equation! 
B) There is still some confusion about what “perp” and “parallel” means, and what delta z -> 0  “does” here (allows us to ignore side walls), and some are even not really seeing how the dot product “extracts” information only about the perp component. Most get the minus sign on the lower face correctly, but are not really able to defend/explain their reasoning (“perp” here refers to a particular fixed direction in space, say zhat) 
C) After about 6 minutes, I interrupted the class to “bring them together” – pointed out that it’s Stoke’s theorem that we’re invoking this time (for those who hadn’t figured this out), so drew their attention to the 2nd and 4th of the equations. Pointed out that J and K could point any which way, so there is some CHOICE in drawing the loop. Let’s simplify: suppose J and K are pointing “into the page”, and we draw a simple loop in the plane of the page – THAT might make taking the loop integral easier, and figuring out the role of J and K. I wrote Ampere’s law in integral form, with right side “I_through”, and suggested they work out what “I_through” is from the J and K bits separately, using their loop. 
After ANOTHER 8 minutes I pulled everyone together to wrap this up – I had a clicker question up asking if this portion (B_parallel) requires div or curl, and 88% said curl (So 12% are still very lost!)
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BOUNDARY CONDITIONS FOR THE MAGNETIC FIELD
Amperian loops and Gaussian pillboxes


Imagine zooming in toward the boundary of a conductor that is exposed to air.  At the region we are zooming in on, assume that there could be a surface current density  at the conductor surface and a volume current density  within the interior of the conductor.


We’d like to know what might be different—and what might be the same—about the magnetic field just above the surface () and that just below ().
(The diagram at right illustrates the situation at hand.)
On the diagram above right, draw a sketch imagine a Gaussian “pillbox” that straddles the interface between the air and the object.  The endcaps of the pillbox, each of area ∆A, are parallel to the interface.  The height of the pillbox is denoted as ∆z.  
Identify which quantity (or quantities) would be relevant for the Gaussian pillbox you have drawn, and state what would be true about the value of it (them).




 ?			 ?		 ?			 ? 





Now imagine shrinking the pillbox in such a way that ∆z  0, with the pillbox always containing an area ∆A of the surface the entire time.


On the basis of your answers above, we can conclude a useful relationship between  and , but only with respect to either the component of these fields perpendicular to the interface or the component that is parallel to it.
•	Which component can we conclude a useful relationship about, and what exactly is that relationship?  

•	Why can we ignore the other component of the magnetic field in the process? 







Now let’s start over, except this time imagine an imaginary rectangular loop that “straddles” the boundary between the air and the conductor’s surface.  The loop should “straddle” the boundary between the air and the non-conducting object’s surface.  Two legs of the loop, each of length ∆x, should be parallel to the interface.  The other two legs, each of length ∆z, should be perpendicular to the interface.  In the space below, draw a sketch showing the imaginary loop and the boundary.  




As you did for the imaginary loop, identify which quantity (or quantities) would be relevant for the imaginary loop you have drawn, and state what would be true about the value of it (them).




 ?			 ?		 ?			 ? 



Now imagine shrinking the loop now in such a way that ∆z  0, and the loop continues to straddle the interface the whole time. Which component of the B- fields above and below the boundary can we conclude a useful relationship about, and what exactly is that relationship?  
(Big hint:  A rectangular loop like the one we are considering is sometimes called an Amperian loop.  And, remember, we have both surface and volume currents.)







Recall how we modeled an infinitely long (ideal) solenoid as a cylinder with a uniform, azimuthal surface current density .  (We found the magnitude of this current density was K = nI.)  Show how your answers on this mini-tutorial are consistent with your findings about the magnetic fields just inside and just outside the solenoid (cylinder).  Consider the components of the magnetic field that are perpendicular and parallel to the surface.   Discuss your reasoning with your partners.




To think about tonight: recall the boundary conditions we determined for electric fields near the interface between two media.  How are they different in form from those we just found for magnetic field?
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