

INSTRUCTORS MANUAL:  TUTORIAL 5a
Note:  This is a very brief activity, added to class in Spring 2013 (building on a whiteboard activity from Chasteen) to help prepare students for the method of images

Goals:
1. Review basic formula for voltage from a point charge, including superposition, and explicitly working out “curly R” in a simple case
2. Set up/motivate the boundary conditions for the method of images. 
This tutorial is based on:
	Originally written by Steven Pollock and Stephanie Chasteen for use in class. 
Tutorial Summary: 
When introducing method of images, we typically assume that students “know” the field pattern, AND FORMULA, for the voltage resulting from a simple dipole. (This is the “image distribution” which matches the boundary conditions of a charge above a large flat grounded conducting plane.) But, we find students are still struggling with our “curly R” notation, and do not have a deep intuition about the equipotential pattern of the dipole (in particular, that the midplane is V=0). This short activity helps them construct the solution (once again) in the context of the lecture on Method of Images. 

Reflections on this tutorial
Total Time: ~10 min. We took about 6 minutes in class for this, followed by ~4 to “explain” it fully at the board at the end. 

This is not a “Tutorial” per se, it’s a brief activity. (Can use White boards, or just have students pair up and work on paper). No need to print it out – there is a powerpoint in our collection which has the question. 
This worked really well
Lots of surprising struggles to do it, many writing kq/d instead of kq/r, and some trouble writing script-r, as per usual, especially at first.  Some students had a hard time getting started.  
I didn’t see a lot of people get to the final solution of locating V=0.  In the all class discussion, students first said V=0 “at the origin”, then others added “z=0”, and finally we also got to “also at infinity”
This activity followed clicker question 3.7 which was then very powerful because it looked just like that one
When we return to the “parallel” problem involving the infinite sheet, someone brought up that it doesn’t look like the same situation below the plane, (which was good, that’s right!) 
At the end, there were lots of “a-hahs” from the audience suggesting that they understand how/why the dipole is giving the same “V=0 surface” on the plane, and at infinity. 
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TUTORIAL 5a 
DIPOLE POTENTIAL

Calculate voltage V(r) (everywhere in space!) for 2 equal/opposite point charges a distance “d” above and below the origin.  (We want a formula for V(x,y,z)

Where in space is V(r)=0?

(If you’re done early, figure out Ex, Ey, and Ez from this voltage, and evaluate (simplify) AT the plane z=0)
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