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

This is the first 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 
First half:
Total time – 25-30 min
Part 1.  	Not all the students knew immediately to sum the contributions to the potential from each point charge.  There were a lot of different ideas for the denominator in part (i) including, just y2 or a single term with some combination of y1 and y2.  Question (ii) can generate a lot of good discussion.  Several groups spent a lot of time discussing what was being integrated over, y vs. y’.  After ~10 minutes, roughly two-thirds of the class had completed the first page.  Pulling everyone together and going over what they should have gotten on question (i) and question (iii) helped move the whole class efficiently to the next part.  This took an additional 4 min
Clicker Question to track class progress:
Only click when you are DONE with page 1 (Part 1 i-iii)
Is the answer to part 1- iii
A. A sum?
B. An integral over dy?
C. An integral over something else?
Part 2.  	In question (i) many students were unclear on the direction of script-r, or not comfortable with the notation. This tutorial seemed valuable for getting them familiar with this notation, especially before using it on the first homework.  One student made the comment, “I wasn’t sure if r-prime went to the charge, or the point, but since the charge was labeled with x, y, and z, it seems pretty obvious it should point to the charge.”  Identifying script-r in question (iv) was largely easy for most groups, but a number had a hard time identifying dy’ as what was being integrated over.  Students do not always spontaneously connect λdy’ with dq.  A brief whole class summary is also valuable here and all together this took ~12 min
Clicker Question to track class progress:
Only after you finish Part 2, what is ‘script-r’ in part 2-iv ?
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 TUTORIAL 1A
Coulomb’s Law and “script r”
Part 1 – Constructing the Potential
Recall from freshman physics that the potential at an arbitrary point P=(x,y,z)  from a point charge, q, at the origin is given by z

y
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   x

i. Using this, write an exact expression for the potential at P=(x,y,z) from two identical point charges located at (0,0,0) and (0,y2,0).    y1        y2
P






ii. Now write an exact expression for the potential at P=(x,y,z) from a string of N identical point charges along the y-axis.  y1     y2      y3       y4      y5      y6
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iii. Write an expression for the potential at point P=(x,y,z) due to an infinite line of charge on the y-axis with uniform charge density λ.λ
P











Part 2 – Script-r



There is a charge +Q at point (,,).
We’re concerned with the field at point P = (x,y,z).
i. 

Draw on the graph: , , and [image: ](where [image: ] is Griffiths’ “script r”).z
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ii. 

Express [image: ] in terms of and .



iii. 

Now express the Cartesian ([image: ],[image: ], and [image: ]) components of [image: ] in terms of the Cartesian components of  and .  Keep your answers as simple as possible.




iv. [bookmark: _GoBack]Now go back to the question on the other side (Part 1, q iii) and rewrite your integral using Griffith’s “script-r” notation.  Which quantity in your equation does      “script-r” represent?  Which quantity takes the place of the q from part 1-i?  
In-class Tutorial 1a	Page 1 of 2
© University of Colorado - Boulder		Contact:  Steven.Pollock@Colorado.EDU	
image2.jpeg
electron





image3.png
Tx




image4.png




image5.png
Tz




image7.png
Tx




image8.png




image9.png
Tz




image10.png
Tx




image11.png




image12.png
Tz




image6.png
A) (x=xy-y'z=2") B) (x'-x,y'-y.z'-2)

Q) (x—x,y-y,z—-2")

Yo +{y =) ()

D) (X_X,Y_YJ_Z)

Yo +{y -y ) +(z-2)

2




image7.wmf
  

V

=

kq

x

2

+

y

2

+

z

2


oleObject1.bin

image8.wmf
x

¢


oleObject2.bin

image9.wmf
y

¢


oleObject3.bin

image10.wmf
z

¢


oleObject4.bin

image11.wmf
r

r


oleObject5.bin

image12.wmf
r

¢

r


oleObject6.bin

image13.wmf
r

r


oleObject7.bin

image14.wmf
r

¢

r


oleObject8.bin

image15.wmf
r

r


oleObject9.bin

image16.wmf
r

¢

r


oleObject10.bin

image1.png
&y




