   INSTRUCTORS MANUAL:  TUTORIAL 9
Magnetic Fields

[bookmark: _GoBack]This is the first part of a modified version of the Tutorial 9 which has been adapted to be given in two shorter chunk during lecture, rather than in a separate 50 min recitation.

Goals:
1. Be able to make compelling symmetry arguments about the magnetic field (learning goal 5c).
2. Communicate reasoning/thought process to group members, LA, and Instructor  (learning goal 4).
This tutorial is based on:
· Written by Steven Pollock, Stephanie Chasteen, Darren Tarshis and Colin Wallace, with edits by Mike Dubson, Ed Kinney, Rachel Pepper, Bethany Wilcox, and Markus Atkinson.
Tutorial Summary: 
Students invoke symmetry and other arguments to make sense of the direction of the B-field. This tutorial should be used before students have been introduced to Ampere’s Law in class, and this approach may be preferable as it allows students to explore Ampere’s law before knowing the pattern for using it.


Reflections on this Tutorial:
Total time: ~10 minutes.  The activity itself took about 8 min and then wrapup took another 2.  
I interrupted after a few minutes to make the following point: we already KNOW that figure a is the answer from Biot-Savart, we computed it. I’m not proposing that b or c is “the correct answer” (and most students at this point had realized that b and c have no curl, so it CANNOT be the full answer), but I’m wondering if maybe we might take the answer from a, and ADD IN a small extra element of b or c. Could we superpose, say, a “part per million” component of figure c in. The part a contribution could fully satisfy Ampere’s law, and adding b or c doesn’t hurt that because they have no curl. This got students moving further!
Figure c is “out” because it has a divergence. It’s nice to get students to articulate how they know (some see the E field “flip” at the origin, others think of drawing a Gaussian cylinder and invoking the divergence theorem, both very good!) Fig  c is ALSO out for a very different reason: symmetry! (think of an observe at some point outside, who rotates by 180 degrees so the current flips. Now, rotating won’t change the FACT that the B field points away from the wire (if that piece exists, this rotation doesn’t change it), but now you’re staring at the OPPOSITE cuurent, which according to either Ampere or Biot-Savart should produce the OPPOSITE field. Contradiction! 
Figure b is much subtler. It’s got neither curl nor divergence, and I cannot think of a simple symmetry argument (like above) to forbid it. I would argue it goes away for a couple reasons. First, of course, Biot-Savart doesn’t generate it. But I feel like the exercise here is to try to work WITHOUT Biot-Savart and JUST use symmetry… Next, I would argue that the field MUST be uniform (like it’s drawn). If it gets weaker and weaker as you move away… that has a CURL out there, where J=0, and that violates Ampere! So it must continue all the way to infinity, but that doesn’t seem right, we generally argue a BC is that fields vanish far away. (I did have a few students come up with elements of this) 
In-class TUTORIAL 9a:  Magnetic Fields
This Tutorial generates good discussion and arguments! 
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TUTORIAL 9a
SYMMETRY & MAGNETIC FIELDS

A thin wire carries a uniform current I. This current produces a magnetic field, B. Up until now, you’ve always been told that magnetic fields loop around a current-carrying wire (Figure a. below), but how do you know that there are not other components to the magnetic field? Perhaps the magnetic field has a z-component (Figure b.) or a radial component (Figure c.).


i. Can you think of any convincing arguments for why there shouldn’t be a z- or s- component? It might be useful to consider symmetry, Maxwell’s equations, boundary conditions (e.g. at infinity?) and any laws that have recently been covered in class.
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Figure a.
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