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Lecture 2: Simulating Dipole Forces

Our goal in Python for the semester will be to simulate electromagnetic fields. This alternative
computational view of the material will allow us to deepen our understanding of electromagnetism and
extend it to realistic systems. Today we will build a simple simulation of dipole forces using skills we
learned last semester in PS12a.

Detailed Learning Objectives

After this lecture, you should be able to...

1. Use functions to perform repeat calculations with varying parame-
ters

2. Represent and work with vector quantities in Python

3. Plot the results of a calculation with independent and dependent
variables

4. Visualize dipole forces

Announcements

• For lectures, there will be pre-activities for you to do by class.
These are graded on completion and go towards participation
points

• HW1 due Friday, September 12 at 5pm

• Course calendar has all the office hours/helproom and will be
kept current. Labs start next week.

• Questions regarding course structure, assessments?
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Calculating forces using functions

1. You probably have an idea of how to calculate the force between
two charged particles in a Python notebook. Try it out for the
following values:

• q1 = 1 → 10↑6 C is the charge of the first particle

• q2 = ↑1 → 10↑6 C is the charge of the second particle

• r1 = ↑10 → 10↑3
x̂ m is the position of the first particle

• r2 = 10 → 10↑3
x̂ m is the position of the second particle

• k = 8.99 → 109 Nm2/C is the Coulomb constant

The magnitude of the electrostatic force between two charged
particles is:

F1,2 =
kq1q2

d2

2. Now, what if you want to change some of the values in the prob-
lem? For example, what if we changed q2 to a positive charge?

Don’t recopy your code. Instead, write a function.

Designing a Function

(a) Start by writing down the body of the function (the
code you want it to execute)

(b) What are the things we want to vary in the system ev-
ery time? Make those parameters of the function.

(c) What will stay the same every time? Leave those alone
and make sure they’re well defined inside the function
body.

(d) What do we want the function to return? Add a return
line that includes all of it.

(e) Try calling your function with some different parame-
ters. Do you get what you expected?

Coulombishan

anions
Trit agep cT.ee

magnitude d trial

Iiia an

q q r r

k

return Fiz

Anna Wang

Anna Wang
both q's positive, repulsive force
both q's negative, repulsive force
one positive and one negative, attractive force

Anna Wang
def fun-name(params): 
    body
    return
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Vector Review

We just calculated the magnitude of the electrostatic force, but we
know that force is a vector quantity.

ωF1,2 =
kq1q2
|ωr1,2|2

r̂

We use vectors to succinctly represent quantities with both mag-
nitude and direction. Most vectors in this class will be in two dimen-
sions. They can be written many ways:

1. ωv = vxx̂ + vyŷ

2. ωv = (vx, vy)

3. |ωv| =
√
(v2

x + v2
y) , standard angle = arctan vy

vx
When using magnitude-direction
form, you must specify what the angle
is relative to, or use terms such as
"north of east". Standard angle is
counterclockwise from the +x axis.All three methods are correct, but I prefer option 1, because that is

the method that makes it most clear that

x̂ and ŷ are independent of each other.

This means if I have an equation like this:

aŷ + bx̂ = vxx̂ + vyŷ

I can write it as two separate equations:

direction

unitvectors

coordinate useful forcode

magnitude direction

bi vix ̅ ay my
b vx a r
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Activity: Vectors in Python

We have many ways to represent vectors on paper. How should
we represent them in code? Just like in any problem we want to
solve, we need to first define a coordinate system. We will usually see
the typical 3-dimension xyz coordinate system in this class, although
you could imaging defining a cylindrical or spherical system. Once
we have decided what our coordinates are, then we can store the
values for each coordinate in an array.

1. For example, can you write an array to represent the vector ωv =

3x̂ + 5ŷ?

2. Now add your vector ωv to a new vectore ωu = 6x̂ + 2ŷ. What is the
result?

3. What happens if you multiply your vectors in python? What
would happen if you tried to multiply them on paper?

When we work with vector quantities, we need to keep track of separate x and y components. Can you
modify your function to have it return a vector quantity?

Function outputs

Functions can return multiple outputs, of any type.

Example:

def my_function(input_1, input_2):

output_sum = input_1 + input_2

output_product = input_1 * input_2

output_string = "Hello, world!"

return output_sum, output_product, output_string

a, b, c = my_function(5, 3)

The example function has three outputs, two numbers and a string. They will appear in the order
specified.

1. In the example above, what are the values assigned to a , b , and c ?

2. Now modify your Coulomb force function to return a vector value.
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a 8 b 15 c Helloworld
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Anna Wang
[3, 5] + [6, 2] = [9, 7] element-wise!

Anna Wang
[3, 5] * [6, 2] = [18, 10] element-wise!

Anna Wang
vectors don't actually multiply element-wise. 
instead need dot product or cross product. 

Anna Wang
very convenient, but not a real vector product

Anna Wang
see notebook!
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Building the dipole distribution

Now that we have a function that gives the vector valued force
between two charges, how can we use it to represent a distribution of

charges? We will spend much more time on charge distributions next
week, with conceptual tools that will simplify our calculations and
considerations (electric potential). But, the concept holds here for this
simple two-charge system. We know from last semester that forces
obey the law of superposition – that is, the total net force on an object
is the sum of individual forces on an object. We just need to consider
our test charge qtest and add up all the forces acting on it.

Consider a test charge qtest with charge 1 → 10↑6 C at the position
(0, 1) cm from the origin. There is a dipole made up of one positive
charge 1 → 10↑8 C and one negative charge ↑1 → 10↑8 C, located on
the x-axis and centered on the origin with an x spacing of 1 mm.

Calculate the force on qtest as a result of the dipole, and explore the
effect of the dipole separation on the force.
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write function F

apply F E ten East she

Anna Wang
a distribution is two or more charges in some spatial relation

Anna Wang
we could repeat the process for many charges in a distribution, perhaps with a loop!


