
22-1: Introduction to Electricity and Magnetism

Where should we begin our study of electricity and magnetism (E&M)? 
Here are three possibilities:

1.  The Historical Approach: in the first three sections of chapter 22, your author
summarizes how we became aware of the nature and behavior of electric charge.
(We also saw an excellent account of this in the video, The Story of Electricity, 
Episode 1 – note, we’ll watch the next two episodes too.)

Here is part of the discussion: (comb & balloons)

2. The Technological Approach: in the early 21st century, a huge part of our society runs
on electricity and magnetism. We power, heat, and light our homes with it. We 
process information using electric currents in our computers and cell phones. 
Electromagnetic waves provide us virtually instant communication. 
Amazingly, all of this is done by carefully moving electrons around!

3.  The Physics Approach:

From experiments like this, it was established that there are two types of electric
charge, positive and negative, and that unlike charges attract each other and
like charges repel. It was also found that material is of two types: conductors in 
which charge can freely move and insulators where the charge is stationary.

The Standard Model of Particle Physics
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The Standard Model of Particle Physics; a thorough, yet admittedly 

incomplete, summary of our state of knowledge about the nature of the stuff in the Universe

Details of this chart are at : http://www.cpepphysics.org/cpep_sm_large.html

Matter

Forces
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The Elementary Particles and Fundamental Forces of the Standard Model

These twelve particles and their
anti-particles are the fundamental building 
blocks of all the matter in the Universe
(although this is likely not the final word).

Matter Particles

Notice that, except for the neutrinos,
all of these particles carry electric
charge. Why?

No one really knows. Fundamental 
particles have certain properties like 
mass, charge, and spin that can’t be 
changed.

The Four Fundamental Forces
Elementary particles interact
through four forces.

One of these is the
Electromagnetic force.
(note this is one word)

All of what we’re going to do in the E&M part of PHY182 is because of this 
fundamental character of the Universe. 3



Wrapping things up from the Standard Model Chart

Atomic Matter
Up and down quarks bind through the
strong nuclear interaction to form 
positive protons and neutral neutrons.

Neutrons and Protons bind also through
the strong interaction to form atomic nuclei

Negative electrons bind to the positive 
nucleus through the electromagnetic
interaction to make neutral atoms.

Some unanswered questions 
( there are many many others)

A picture of a Helium atom
(not to scale)
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Coulomb’s Law
In the late 18th century, the French scientist, Charles 
Coulomb, proposed the first quantitative description 
of the electric force between two charges.

Coulomb knew that there were both positive and negative charges 
and that unlike charges attracted while like charges repelled. 
What did he use as a guide for the mathematical form for the 
force?

Remember what Newton said for Gravity (from PHY181):

The Gravitational Force:

Coulomb proposed something very similar for the electric force between two charges. 
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The Electric Force Between Two Charges
(Coulomb’s Law)

Electric Force Magnitude:

Where:

Note this equation gives only the magnitude of the electric force. The direction is along
the line between the charges and is assigned by hand based on the signs of the charges.
e.g.
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Store K in
your calculator



Two protons are 2.0 fm apart,  about the distance between
protons in an atomic nucleus.

a) What is the magnitude of the electric force on one
proton due to the other proton. For something really
crazy, give your answer in pounds. (LC)

b) What holds the nucleus together – maybe gravity?
What is the magnitude of the gravitational force on
one proton due to the other proton? (LC) Is the gravitational
force stronger than the electric force? 
(proton mass and G are on our constants sheet)  

Whiteboard Problem: 22-1

So why doesn’t the nucleus just fly apart?
The Strong Nuclear Force is a force of attraction between all nucleons (protons and 
neutrons); it is very strong, but has a very short range. It holds the nucleus together.
By the way: someone should be asking a question about now. Why did the balloon 
stick to the wall? Only the balloon was charged – the wall was uncharged! PhET balloon

FE ~ 1036 FG
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Store e in your calculator



Whiteboard Problem: 22-2

In this problem, to get the net force on charge A, you had to account correctly for
direction of the two forces. How did you do this? 

Maybe we should use vectors.

What is the magnitude of the net electric force on charge A? (LC)
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qA = qB = qC = 



Review of Vectors
(it’s been a while since we used vectors, you may want to go back and look at Chap 3)

We’ll find rather quickly that everything we do in our study of E&M will involve
vectors. Here are some vector topics from PHY181 that you absolutely must know:

A vector has both magnitude and direction:

Vector Components:
(with respect to some

coordinate system)

Magnitude and Direction from Components:
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Review of Vectors
You must know how to add and subtract vectors both graphically and analytically:

Or, analytically in terms of components:

We’ll review the “dot product” and the
“cross product” when we need them.

Graphically:
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Whiteboard Problem: 22-3
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(LC, angle only)

(LC)

Instructions for entering a vector in component form on LC:
For the vector:

Use only two significant figures and the pull down menu for powers of ten if necessary;
put the components in parentheses, and use just i and j for unit vectors – no hats!

For the vector above, enter:   (-5.3 . 104)i +  (1.8 . 103)j



These Steps are
Really Important!

(magnitude only)

(name them, 1,2,3, etc. or A, B, C, etc.)

(draw them on your diagram)
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Whiteboard Problem: 22-4

How NOT to do this problem: What’s wrong with this?

It’s trying to add two vectors
by adding their magnitudes!

Do this right by following the
steps on the previous slide.

What is the net force on the charge q3 = -10 nC in the figure?
Using the coordinates shown, find the force vector in 
component form. (LC)

x

y
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Use these coordinates



Whiteboard Problem: 22-5; Amy’s Problem

Important Hint:
Draw a Freaking 
Free Body Diagram
of one of the balloons!

The two balloons shown below have been charged by rubbing 
them with rabbit’s fur for the same amount of time so that we
can assume that they have identical charge. 
The mass of each balloon is m = 0.2 grams and the length of the 
massless strings is L = 0.7 m. Assuming that the balloons carry 
the same charge, q, calculate q. (LC)

20o m
q

m
q

L L

So, what does Amy do now?

dr_amy.pdf

