Calculating and displaying the electric field of a single charged particle
1  Objective
Using your calculator, you have calculated the electric field at an observation location due to a single charged particle. The somewhat tedious process of calculating electric field vectors can be automated by programming a computer to do this. Once we have written the instructions for calculating the electric field at one observation location, we can re-use the instructions to allow us to calculate and display the electric field in multiple locations, so we can examine the 3D pattern of field created by a charged particle.
In this activity you will write VPython instructions to calculate and display the electric field due to a single point charge, at several observation locations. We start with a single point charge because you know what the pattern of electric field should look like, so you can make sure your approach is correct.
2  Whiteboard Work
2.1  Predict the Field Pattern
Consider the diagram below. If a proton were placed at the location shown by the red sphere, what would you expect the electric field to be at the observation locations marked by colored boxes? (The cyan boxes lie in the 
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 plane and the magenta boxes lie in the 
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 plane.) Draw a diagram on a whiteboard showing your prediction.  
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2.2  Electric Field Equation
On your whiteboard, write the vector equation for the electric field of a point charge. Make sure every detail of the equation is correct.  
2.3  Calculation Steps
On your whiteboard, briefly outline the steps involved in calculating the electric field, as if you were reminding a friend how to do it. For example, the first step might be:  
    1.  Find the relative position vector 
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 from the source location to the observation location 
    2.  ... 
    3.  ... 
    4.  ... 
 Checkpoint: Share your work with other students. 
3  Read and Explain a Minimal Working Program
A minimal working program is shown in the space below.  
from __future__ import division

from visual import *

## CONSTANTS

oofpez = 9e9   ## OneOverFourPiEpsilonZero

qproton = 1.6e-19

## OBJECTS

particle = sphere(pos=vector(1e-10, 0, 0), radius = 2e-11, color=color.red)

xaxis = cylinder(pos=(-5e-10,0,0), axis=vector(10e-10,0,0),radius=.2e-11)

yaxis = cylinder(pos=(0,-5e-10,0), axis=vector(0,10e-10,0),radius=.2e-11)

zaxis = cylinder(pos=(0,0,-5e-10), axis=vector(0,0,10e-10),radius=.2e-11)

## the position of the arrow is the observation location:

Earrow1 = arrow(pos=vector(3.1e-10,-2.1e-10,0), axis = vector(1e-10,0,0), color=color.orange)

## CALCULATIONS

## write instructions below to tell the computer how to calculate the correct 

## electric field E1 at the observation location (the position of Earrow1):

## change the axis of Earrow1 to point in the direction of the electric field at that location

## and scale it so it looks reasonable

## additional observation locations; do the same thing for each one

Earrow2 = arrow(pos=vector(3.1e-10,2.1e-10,0), axis = vector(1e-10,0,0), color=color.orange)

Earrow3 = arrow(pos=vector(-1.1e-10,-2.1e-10,0), axis = vector(1e-10,0,0), color=color.orange)

Earrow4 = arrow(pos=vector(-1.1e-10,2.1e-10,0), axis = vector(1e-10,0,0), color=color.orange)

Earrow5 = arrow(pos=vector(1e-10,0,3e-10), axis = vector(1e-10,0,0), color=color.orange)

Earrow6 = arrow(pos=vector(1e-10,0,-3e-10), axis = vector(1e-10,0,0), color=color.orange)

Read the program carefully, line by line, starting at the beginning. Before modifying the program, answer the following two questions:   
1.  Program organization: The minimal working program is organized into several sections. What is the purpose of each section?
2.  Predict program output: Do you think the display generated by the minimal program will match the field pattern you predicted? Why or why not? Be prepared to explain your reasoning to your instructor. 
Navigate to http://profmason.com/?page_id=1824 ,copy and paste it into a blank python file and save it. Remember to give it the extension     ``.py''   
Run the minimal program: Run the program and compare what you see to your original whiteboard prediction of the field pattern. Rotate the display to help understand where objects are located. 
4  Modify the Minimal Program
4.1  Calculating the Electric Field at One Location

•   At the appropriate location in the program, insert VPython instructions to tell the computer how to calculate the electric field at the first observation location. Your instructions should follow the outline you wrote on the whiteboard. Be sure to use symbolic names. 
4.1.1  Useful VPython functions
- The components of a vector may be referred to as 
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 For example,the 
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 component of a vector named    rvector would be    rvector.y 
- To square a quantity use two asterisks. 
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 would be written    x**2 . 
- To calculate the magnitude of a vector you can either use    sqrt(r.x**2 + r.y**2 + r.z**2) or you can simply use    mag(r) . (The online help for Visual has a detailed list of all vector operations; see Vector Operations). 
•   Print the value of the electric field at the first observation location: print(E) 
4.2  Representing the Electric Field by an Arrow
In order to use an arrow to visualize the electric field at one location, it is necessary to set both the direction and the magnitude of the arrow's axis.
4.2.1  Changing Attributes of Objects
Any attribute of an object may be changed after the object is created. For example, suppose you have created an arrow:
  Earrow1 = arrow(pos=vector(1,2,3), axis=vector(0,0,3e-10), color=color.red) 
Later in the program you could change the color of the arrow with an instruction like this:
  Earrow1.color = color.orange 
You could change the axis of the arrow with an instruction like this (assume that  Fnet is a vector quantity you have calculated):
  Earrow1.axis = Fnet
4.3  Orienting and Scaling your Arrow
•   Change the axis of the arrow Earrow1 so it points in the direction of the field you calculated, and has a reasonable magnitude. You will need to use a scale factor to make everything visible. 
 Checkpoint: Ask your instructor to look over your work. 
5  Add more observation locations
•   Extend your program to calculate and display the electric field at the other 5 observation locations (the locations of the other five arrows). One way to do this is to copy the code you have written to calculate and display the electric field, and paste it in multiple times. This is the way we'll do it this time; later we will learn a more flexible way to do this using a loop. (Optionally, you may use a loop here if you already know how do this quickly.) 
•   Use the same scalefactor for all arrows 
•   Print the value of the electric field at each observation location. 
 Make sure everyone in your group thinks your display looks reasonable.
Compare your work to that of a neighboring group.
Checkpoint: Ask your instructor to look over your work. 
6  Document
Post a copy of your program and a screen shot on your blog. You will get full credit if your program correctly calculates and displays the 6 electric field vectors specified.
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