
Physics of Everyday Life 
Why do you take really short steps when you 
walk on ice? Why are hybrid cars more 
efficient for in-town driving? Why does a 
standard electric outlet have three holes, but 
many devices only use two of them? Why is 
the sky blue, and why are sunsets red? Why 
are new light bulbs so much more efficient 
than the old incandescent bulbs? These are 
examples of the questions that we’ll work out 
in this class. Each class, we’ll start with some 
hands-on experimentation to help us 
understand basic principles of motion, of 
electricity, of light, of sound of magnetism 
and other topics. And then we’ll discuss how 
what we’ve learned applies to everyday life. 
Come prepared to be active, to be social, and 
to be amazed! You don’t need any 
background in science—just a bit of curiosity 
and a willingness to engage and explore!

Brian Jones 
physicsjones@gmail.com

As you come in:
• Get a name tent
• Introduce yourself to your neighbors
• Start chatting
• Introduce yourself to me, if you’d like!

Week 1: Everything Is Electric
We’ll make tinsel bundles fly through the air, and we’ll discuss why it’s safe, ⅔ of the time, to stick a fork in an electric outlet. 
(Please don’t try this!)
Week 2: Is It Magic, or Is It Magnets?
We’ll learn how to magnetize nails, and we’ll discover why the dark side of a refrigerator magnet will stick to the fridge but 
the printed side won’t. (Try it and see!)
Week 3: On Your Wavelength: Electromagnetic Waves
We’ll see how to tell where a radio station is by changing reception, and we’ll talk about why it’s safe to stick light bulbs in 
the microwave. (Please don’t try this!)
Week 4: Physics of Sound & Music
Bring your musical instruments to class for an open-ended exploration of how the science of sound explains how music is 
made.
Week 5: Energy, Thermodynamics & The Arrow of Time
We’ll start by playing with toys to learn a bit about energy and heat—and then we’ll discuss how the second law of 
thermodynamics explains why hybrid cars are more efficient and why time goes the direction it does.
Week 6: Push and Pull: Force & Motion
We’ll start with a (rigged) tug-of-war contest, and discuss why you need to slow down on corners and walk with short steps 
on ice.
Week 7: Go With the Flow: Physics of Fluids
How do hot air balloons stay up? And why does your blood pressure go down when you exercise? We’ll talk.
Week 8: A Warm Planet in a Cold Universe: How the Earth Stays Warm, and Why It’s Getting 
Warmer
A very timely and relevant topic. We’ll learn what makes a gas a greenhouse gas, and explore why—in the case of these very 
useful gases—you can have too much of a good thing.

Week 1:	 Everything Is Electric 
Week 2: 	 Is It Magic, or Is It Magnets? 
Week 3: 	On Your Wavelength: Electromagnetic Waves 
Week 4: 	 Physics of Sound & Music 
Week 5: 	 Energy, Thermodynamics & The Arrow of Time 
Week 6: 	 Push and Pull: Force & Motion 
Week 7: 	Go With the Flow: Physics of Fluids 
Week 8: 	 A Warm Planet in a Cold Universe: How the Earth Stays 	 	  
             	Warm, and Why It’s Getting Warmer

Physics Principles
Charges & Forces

Conductors & Insulators

Voltage

Current

Resistance

Electric Fields
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Matter is made of charged particles.
They come in two types:

Positive and negative

Opposite charges attract
Like charges repel

-+

-

+ +

-- +

When two 
different 

materials touch 
and then are 
taken apart, 

charges can be 
transferred.

When you pull a 
piece of tape off 
a roll, it picks up 
a positive charge.



Charges can move freely in and on conductors.
Charges stay put in and on insulators.

What are examples of conductors and insulators?

Current is the flow of charge.
We always imagine that the charges in motion 

are positive charges.
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The positive terminal of a battery has an 
excess of positive charges; the negative 

terminal has an excess of negative 
charges.

The positive terminal is at a higher voltage 
than the negative terminal. Positive 

charges want to flow downhill from the 
high voltage to the lower voltage.

If you connect a conductor between the 
positive terminal and the negative 

terminal, current will flow from the 
positive to the negative terminal.
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The positive terminal of a battery has an 
excess of positive charges; the negative 

terminal has an excess of negative 
charges.

The positive terminal is at a higher voltage 
than the negative terminal. Positive 

charges want to flow downhill from the 
high voltage to the lower voltage.
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What determines the current?

Voltage
And

Resistance

When different materials come in contact, one often 
“likes” positive charges more than the other. This 
makes a charge separation, and this produces a voltage.

Galvanic Action

If you stack the metals with conducting materials 
between, this makes a battery. A bigger stack 
means a bigger voltage!

The Voltaic Pile

120 V / hot

0 V / neutral

0 V / ground

Electricity in your house



Household Electricity is Grounded Parallel Circuits.

120 V
15 A

Ground
connection

Neutral side Hot side

Plugs and outlets have safety features built in

The neutral wire. 
This side of the plug is 
larger, so you can’t plug it 
into the hot side of an 
electric outlet.

The ground wire.  
Electrically, the same as 
the neutral wire. Provide 
an extra ground 
connection.

Because the 0 V 
terminals, the 
neutral and the 
ground, are at 
the same 
potential as the 
earth, you can 
get a shock 
from a live wire.

A “ground fault” in a GFCI outlet will cause 
the outlet to disconnect.

The GFCI. 

If the current in the 
hot wire isn’t the 
same as the current 
in the neutral wire, 
the circuit breaker 
shuts off power.

I
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For the charged bead and sphere, the electric force was larger than the weight 
force; for the two bees, much less. On our macroscopic scale, electric forces domi-
nate for small objects and deliberately charged objects. For much smaller charges, as 
on the bee, the electric force is much smaller as well. At an atomic level, the situa-
tion is more extreme. The opposite charges on water molecules create the attractive 
force of a hydrogen bond. The electric force on the molecules in this case is more 
than 1014 times larger than the weight force. At the atomic scale, the weight force is 
negligible; there’s only one force that matters: the electric force between charged 
particles.

20.4 The Concept of the Electric Field
Coulomb’s law is the basic law of electrostatics. We can use Coulomb’s law to cal-
culate the force a positive charge exerts on a nearby negative charge. But there is an 
unanswered question: How does the negative charge “know” that the positive charge 
is there? Coulomb’s law tells us how to calculate the magnitude and direction of the 
force, but it doesn’t tell us how the force is transmitted through empty space from 
one charge to the other. To answer this question, we will introduce the field model, 
first suggested in the early 19th century by Michael Faraday, a British investigator of 
electricity and magnetism.

FIGURE 20.22 shows a photograph of the surface of a shallow pan of oil with tiny 
grass seeds floating on it. When charged wires, one positive and one negative, touch 
the surface of the oil, the grass seeds line up to form a regular pattern. The pattern 
suggests that some kind of electric influence from the charges fills the space around 
the charges. Perhaps the grass seeds are reacting to this influence, creating the pat-
tern that we see. This alteration of the space around the charges could be the mecha-
nism by which the long-range Coulomb’s law force is exerted.

This is the essence of the field model. Consider the attractive force between a 
positive charge A and a negative charge B. FIGURE 20.23 shows the difference between 
the force model, which we have been using, and the field model. In the field model, 
it is the alteration of space around charge A that is the agent that exerts a force 
on charge B. This alteration of space is what we call a field. The charge makes an 
alteration everywhere in space. Other charges then respond to the alteration at their 
position.

The field model applies to many branches of physics. The space around a charge 
is altered to create the electric field. The alteration of the space around a mass is 
called the gravitational field. The alteration of the space around a magnet is called 
the magnetic field, which we will consider in Chapter 24.

The Electric Field Is Real
The field model might seem arbitrary and abstract. We can already calculate forces 
between charges; why introduce another way of looking at things? We will find that 
the field model is a very useful tool for visualizing and calculating forces for com-
plex arrangements of charges. It is also a very useful tool for understanding certain 
aspects of the natural world.

In the force model, A
exerts a force directly on B.

In the field model, A alters the
space around it. (The wavy lines
are poetic license. We’ll soon
learn a better representation.)

Particle B then responds to
the altered space. The altered
space is the agent that exerts
the force on B.

A

A

B

B

Ffield on B

FA on B
u

u

FIGURE 20.23 The force and field models 
for the interaction between two charges.

FIGURE 20.22 Visualizing the electric field.

STOP TO THINK 20.3 Charges 1 and 2 exert repulsive 
forces on each other. q1 = 4q2 . Which statement is true?

A. F1 on 2 7 F2 on 1
B. F1 on 2 = F2 on 1
C. F1 on 2 6 F2 on 1

21

 Video Figure 20.22
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Electric Fields

Field Between Two Charges

 20.5 Applications of the Electric Field 651

If we have an arrangement of charges, we can draw field lines as a guide to what 
the field looks like. As you generate a field line picture, there are two rules to keep in 
mind:

 ■ Field lines cannot cross. The tangent to the field line is the electric field vector, 
which indicates the direction of the force on a positive charge. The force must be 
in a unique, well-defined direction, so two field lines cannot cross.

 ■ The electric field is created by charges. Field lines start on a positive charge and 
end on a negative charge.

You can use the above information as the basis of a technique for sketching a field-
line picture for an arrangement of charges. Draw field lines starting on positive  
charges and moving toward negative charges. Draw the lines tangent to the field vec-
tor at each point. Make the lines close together where the field is strong, far apart 
where the field is weak. For example, FIGURE 20.33 pictures the electric field of a  
dipole using electric field lines. You should compare this to Figure 20.28b, which  
illustrated the field with field vectors.

FIGURE 20.33 Electric field lines for a 
dipole.

The Electric Field of the Heart
Nerve and muscle cells have a prominent electrical nature. As we will see in detail in 
Chapter 23, a cell membrane is an insulator that encloses a conducting fluid and is 
surrounded by conducting fluid. While resting, the membrane is polarized with pos-
itive charges on the outside of the cell, negative charges on the inside. When a nerve 
or a muscle cell is stimulated, the polarity of the membrane switches; we say that the 
cell depolarizes. Later, when the charge balance is restored, we say that the cell  
repolarizes.

All nerve and muscle cells generate an electrical signal when depolarization  
occurs, but the largest electrical signal in the body comes from the heart. The rhythmic 
beating of the heart is produced by a highly coordinated wave of depolarization that 
sweeps across the tissue of the heart. As FIGURE 20.34a on the next page shows, the 
surface of the heart is positive on one side of the boundary between tissue that is depo-
larized and tissue that is not yet depolarized, negative on the other. In other words, the 

SYNTHESIS 20.1 Two key electric fields

Two important examples of the electric field are those for a point charge and for a parallel-plate capacitor.

P
P

r
r

Q

-Q

The electric field due to a point charge The electric field inside a parallel-plate capacitor

Charge Q is evenly spread
out on the positive plate.

Charge -Q is evenly spread
out on the negative plate.

Magnitude of
electric field (N/C)

Magnitude of
electric field (N/C) Distance from charge to point P (m) Permittivity constant.

Electrostatic constant
Magnitude of the charge
on each plate (C)Magnitude of charge (C).

Area of each plate (m2)

The field lines are
evenly spaced,
indicating a
uniform electric
field.

The electric field
points from the
positive to the
negative plate.E

u
E
u

Q
P0A

E  =  
K 0 q 0
r2E  =  

  =  8.85  *  10-12 C2/N #m2
4pK

P0   =  
1

K  =  9.0  *  109 N #m2/C2

We want to know the electric field E at a point P
located a distance r from a point charge q.

u

u
E points away from a positive charge, toward a negative charge.
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Electric fields and conductors

652  CHAPTER  20 Electric Fields and Forces

heart is a large electric dipole. The orientation and strength of the dipole change 
during each beat of the heart as the depolarization wave sweeps across it.

The electric dipole of the heart generates a dipole electric field that extends 
throughout the torso, as shown in FIGURE 20.34b. As we will see in Chapter 21, an 
electrocardiogram measures the changing electric field of the heart as it beats. Mea-
surement of the heart’s electric field can be used to diagnose the operation of the heart.

FIGURE 20.35 The electric field inside and 
outside a charged conductor.

E  =  0

All excess charge is on the surface.

The electric field inside
the conductor is zero.

(a)

u u

E  =  0

E

Surface charge

The electric field at the surface
is perpendicular to the surface.

(b)

u

u

u

FIGURE 20.34 The beating heart  
generates a dipole electric field.

(a) The electric dipole of the heart

Depolarized
tissue

Tissue not yet
depolarized

A cross section of 
the heart showing 
muscle tissue

The charge separation at the line between 
the two regions creates an electric dipole.

This line separates 
cells that have 
depolarized and 
those that have not.

(b) The field of the heart in the body

The heart’s dipole 
field extends 
throughout the torso.

STOP TO THINK 20.6  Which of the following is the correct representation of the 
electric field created by two positive charges?

A. B. C. D.

20.6 Conductors and Electric Fields
Consider a conductor in electrostatic equilibrium (recall that this means that none  
of the charges are moving). Suppose there were an electric field inside the con- 
ductor. Electric fields exert forces on charges, so an internal electric field would  
exert forces on the charges in the conductor. Because charges in a conductor are  
free to move, these forces would cause the charges to move. But that would vio- 
late the assumption that all the charges are at rest. Thus we’re forced to conclude  
that the electric field is zero at all points inside a conductor in electrostatic  
equilibrium.

Because the electric field inside a conductor in electrostatic equilibrium is zero, 
any excess charge on the conductor must lie at its surface, as shown in FIGURE 20.35a. 
Any charge in the interior of the conductor would create an electric field there, in 
violation of our conclusion that the field inside is zero. Physically, excess charge 
ends up on the surface because the repulsive forces between like charges cause them 
to move as far apart as possible without leaving the conductor.

FIGURE 20.35b shows that the electric field right at the surface of a charged con-
ductor is perpendicular to the surface. To see that this is so, suppose E

u
 had a com-

ponent tangent to the surface. This component of E
u
 would exert a force on charges at 

the surface and cause them to move along the surface, thus violating the assumption 
that all charges are at rest. The only exterior electric field consistent with electrosta-
tic equilibrium is one that is perpendicular to the surface.

FIGURE 20.36 shows a positively charged metal sphere 
above a conducting plate with a negative charge. Sketch 
the electric field lines.

REASON Field lines start on positive charges and end 
on negative charges. Thus we draw the field lines from 
the positive sphere to the negative plate, perpendicular 
to both surfaces, as shown in FIGURE 20.37. The single 
field line that goes upward tells us that there is a field 
above the sphere, but that it is weak.

 Drawing electric field lines for a charged  
sphere and a plate
CONCEPTUAL EXAMPLE 20.9

FIGURE 20.36 The charged 
sphere and plate.
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The motion 
of charges in 
a conductor.



The charge separation in the clouds induces 
charges in the ground.
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Charges will collect on a 
point, and the electric field 
will be very high here.

Keeping Safe, Part I
The Lightning Rod

Putting a pointy bit at the 
top of the building... 

Are they asking for 
trouble?

Keeping Safe, Part II
The Faraday Cage

Stay inside a conducting 
shell. It’s all good.

The average plane is struck by lightning once per year.


