In-class TUTORIAL 1b:  THE CHARGED BIKE TIRE 
   INSTRUCTORS MANUAL: In Class TUTORIAL 1b
The charged bike tire and Coulomb’s Law

This is the second half of a modified version of the full Tutorial 1 which has been adapted to be given in two shorter chunks during lecture, rather than in a separate 50 min recitation.  

Goals:
1. Familiarize students with conventional notation in E&M: primed vs. unprimed coordinates, the three “r” vectors 
2. Describe/interpret/represent a physical problem mathematically (learning goal 1)
3. Understand that 3310 is a much higher level than 1120, but also see the connection between the two courses (learning goal 10)
4. Check limiting cases to see if the answer makes sense (learning goals 5a & 7)
5. Practice with expansion (on challenge question) (learning goal 5a)
6. Communicate reasoning/thought process to group members, LA, and Instructor (learning goal 4)
This tutorial is based on:
· “E Field of a ring of charge” from Oregon State University “Paradigms”
· “Star Trek” activity from Oregon State University “Paradigms”
· Written by Darren Tarshis, Steven Pollock, and Stephanie Chasteen, with modifications by Ed Kinney, Michael Dubson, Bethany Wilcox and Markus Atkinson.



Homework connections:
· A note at the end of part 2iv includes the statement “A common HW and exam problem asks for the E-field caused by a charged disc. Hint: A disc is the sum of many rings. Did someone say “superposition”?”  This could be modified to refer to a specific HW problem.

Challenge Problem:
Instead of a Tricorder, you now have a single electron. You release the electron on the z-axis, ever so slightly above (or below) the origin. It is free to respond to the Electric Field. What kind of motion will this electron experience? (What frequency of radiation would you expect to be emitted)?
[image: ][image: challenge prob]
Express the Cartesian components of     =(    ,      ,    ) from parts (i) – (iii) using spherical coordinates.
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Reflections 
Second half:
Total time: >10 min to finish
Part 3. 
		No significant difficulties with parts (i) and (ii), but they had just seen several examples of this in the lecture.  

		In question (iii) they know to make the substitution (where “R” denotes script-r) and most recognize dq = λ a dφ. But they weren’t sure what script-r was in this situation. Some groups attempted to use spherical coordinates, which makes the math harder and slows the group down significantly.  There was some uncertainty if you could mix cylindrical coordinates with Cartesian basis vectors.  
		The primary issue with question (iv) was the one we have seen before; the students only write the x or x’ components rather than x-x’.
		Many students did not make it to question (v), primarily because they got stuck on expressing script-r and we only allowed for 10 min.  These students seemed to benefit from a quick rap up and summary at the end.  All students left having seen the correct expression for script-r vector and discussed what the magnitude would be once the Tricorder had been put on the z-axis.  
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 TUTORIAL 1B
Coulomb’s Law and “script r”
Part 3 – Charged bike tires
In the year 2240, a bicyclist, named Steve, gets lost east of Boulder and gets a flat tire. Steve pulls off the tire and then consults his Tricorder to find out what life forms are nearby. However, the flat tire has somehow been charged with uniform charge density . The Tricorder complains that the electric field from the tire is very annoying.Tricorder








Your goal is to calculate the electric field produced by the electrically-charged tire (ring of line-charge density ).  

i. The origin is at the center of the tire. Label the diagram with points (x,y,z) and (x’,y’,z’)
ii. 

Now label the three vectors: , , and [image: ].
iii. Write down a formal integral expression for the electric field. Be very explicit about all "short hand symbols" that appear in that integral (What does script-r-hat mean here, specifically?) What choice of coordinates would be most convenient?  




The integral you just wrote down has symbols in it which we need to be very clear about:  
iv. [bookmark: _GoBack]Express the Cartesian components of [image: ]= [[image: ],[image: ],[image: ]]  from parts (i) – (iii) (This is now the vector from a little “chunk” of charge dq, as shown, to the tricorder at P) using cylindrical variables. (Don't try to write [image: ]in a cylindrical coordinate basis.  Write each of the Cartesian components of [image: ] using appropriate cylindrical variables.)
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v. Now you can manipulate your integral from iii into a form that could (at least in principle) be solved by a dumb computer or calculator. This will require expressing script-r in your chosen coordinate system, and writing out what dq is (again in terms of your chosen coordinate system) 





vi. Now, simplify by putting the Tricorder on the z-axis, and evaluate that integral! 






Some things to think about: Are the units correct for an electric field? 
What are the limits for very large z, and z = 0. Do these answers make sense?   
Make a sketch of Ez as a function of z, including both positive and negative z axes. 
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