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HNRS 227 Lectures 7 and 8 
Chapter 6 and Chapter 7

Electricity, Magnetism and Light
presented by Prof. Geller

Recall from Chapters 1-5
Units of length, mass and time, and metric Prefixes
Density and its units
The Scientific Method
Speed, velocity, acceleration
Forces
Falling objects, Newton’s Laws of Motion and Gravity
Work, Potential Energy and Kinetic Energy
Conservation of Energy, Types/Sources of Energy
Kinetic Molecular Theory, Temperature and Heat
Phases of matter and Thermodynamics
Forces, Vibrations and Wave Motion
Sound Waves, Reflection, Refraction, Resonance

1st Law of Thermodynamics

In an isolated system, 
the total amount of 
energy, including heat 
energy, is conserved.
ENERGY IS CONSERVED

2nd Law of Thermodynamics

Two key components
heat flows from a warmer 

body to a cooler body
entropy increases remains 

constant or increases in time

Phases and Phase Diagram Electric Charge and Force

Positive and Negative Charges
like charges repel, unlike charges attract

Atom
protons (+), neutrons in nucleus
⌧Protons and neutrons are made of quarks

electrons (-) orbiting nucleus
Electric Force

F = (k * q1 * q2) / d2

⌧q -> charge (Coulumb)
⌧d -> distance between charges
⌧k -> equation constant
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iClicker Question

A glass rod becomes positively charged 
when rubbed with silk.  The silk becomes 
charged because it

A loses protons
B loses electrons
C gains protons
D gains electrons

iClicker Question

A charged body may cause the temporary 
redistribution of charge on another body 
without coming into contact with it.  This 
process is called

A conduction
B potential
C permeability
D induction

iClicker Question

A neutral rubber rod is rubbed with fur 
and acquires a charge of -2 x 10-6

coulomb.  The charge on the fur is
A +1 x 10-6 C
B +2 x 10-6 C
C -1 x 10-6 C
D -2 x 10-6 C

Electric Current
Current is the flow of charges
Electric Current

I = q / t
⌧Coulumbs per second

Electrical Resistance
property causing an opposition to or reduction to 
current flowing

Voltage
measure of potential difference

DC and AC
direct current and alternating current

Electric Circuits

Electric circuit
voltage source, conducting wire, voltage 
drop

Resistors in series
Rtotal = R1 + R2

Resistors in parallel

(1/ Rtotal) = (1 / R1) + (1 / R2)

Electric Circuit Analysis

Ohm’s Law
V = I * R

Electrical Power
P = I * V



3

iClicker Question

If the voltage across a 4-ohm resistor is 
12 volts, the current through the resistor 
is

A 0.33 A
B 48 A
C 3.0 A
D 4.0 A

iClicker Question

What is the current in a normally 
operating 60-watt, 120-volt lamp?

A 1.0 A
B 2.0 A
C 0.5 A
D 4.0 A

iClicker Question

If the current and the resistance of an 
electric circuit are each doubled the power 
will

A remain the same
B be doubled
C be 8 times as large
D be quadrupled

Magnetism

Magnetic Poles
North and South poles
⌧like poles repel
⌧unlike poles attract
always two poles

Earth as a magnet
Dipole magnetic field similar to a bar 

magnet
⌧Will discuss what causes this in geology

Electromagnetism

Magnetic Fields
generated by electric current

Energy conversion
electric motors
electric generators
speakers

Maxwell’s Equations
summary of electromagnetic laws and 
interactions…

iClicker Question

The presence of a uniform magnetic field 
may be detected by using a

A stationary charge
B small mass
C beam of neutrons
D magnetic compass
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Question for Thought

Explain why a balloon that has been 
rubbed sticks to a wall for a while.

The balloon has a net charge as a result of being rubbed.  When the 
balloon is brought near a wall, the net charge on the balloon moves 
electrons around in the wall.  As a result, a small region near the 
balloon has a net charge of opposite sign than the balloon.  The
overall wall is still electrically neutral; there are now small regions 
that have net charges.  The force from the opposite signed charges 
in the balloon and the wall causes the balloon to stick to the wall.  
There it will stay until enough charge has leaked away to cancel the 
charge on the balloon.

Question for Thought

Explain what is happening when you walk 
across a carpet and receive a shock when 
you touch a metal object.

Excess charge is building up on your body from the 
carpet as you walk across it.  When a metal object is 
touched, the charge flows out of your body, through the 
lower resistance of the metal.  It finds a path into the 
ground, which supplied the charge to make up for what  
you removed from the carpet.

Question for Thought

Why does a positively or negatively 
charged object have multiples of the 
fundamental charge?

An electron carries a negative charge and can be moved to and 
from objects relatively easy.  Since electrons cannot be divided into 
parts that can move separately, the smallest charge it is possible to 
have or to move is the charge of one electron.  The charge of one 
electron is sometimes referred to as the fundamental charge.

Question for Thought

Explain how you know that it is an electric 
field, not electrons, that moves rapidly 
through a circuit.

The electrons move rapidly inside a wire bouncing against each other 
like molecules in a gas.  Since so many collisions occur, an individual 
electron cannot move from one end of a wire to another rapidly. 
The electric field inside the wire, which exerts a force on the 
electrons, can move rapidly though the wire because it does not 
require something to carry it.  The force from the electric field gives 
the electrons a drift velocity.

Question for Thought
A kWhr is a unit of

A power
B energy
C work
D both B and C above

A kWhr is work multiplied by time.  Since 
a watt is energy per time, a kWhr is a unit 
of energy or work.

Question for Thought

What is the difference between AC and 
DC?

In direct current (DC), the current always 
flows in a single direction.  In alternating 
current (AC), the flow of current changes 
direction with a regular frequency.
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Question for Thought

What is a magnetic pole?  How are 
magnetic poles named?

A magnetic pole is a region where the force of 
magnetic attraction seems to be concentrated.  
The pole that seeks, or points to a generally 
north direction, is called a north pole, and the 
other pole is called a south pole.

Question for Thought

How is an unmagnetized piece of 
iron different from the same piece of 
iron when it is magnetized?

In an unmagnetized piece of iron, the magnetic 
domains are pointing in random directions such 
that the net field is zero.  In a magnetized piece 
of iron, most of the domains are aligned so that 
their fields add to make a larger field.

Question for Thought

Explain why the electric utility company 
increases the voltage of electricity for long-
distance transmission.

If the voltage is small, the current is large for a 
particular amount of power. Increasing the voltage 
decreases the current.  Large currents promote many 
collisions of electrons inside the wire with other electrons 
and positive ions.  Each collision takes energy from the 
electric field, diverting it into kinetic energy of the 
positive ions and heating the wire, so there are fewer 
power losses with lower currents.  Thus a higher voltage 
means less power loss since the current is lower.

Question for Thought

Describe how an electric generator is able 
to generate an electric current.

The electromagnetic generator uses induction to 
generate a current in loops of wire moving in a 
magnetic field.  Electrons in the loops of wire 
are forced toward one end by the magnetic 
field, which sets up a potential difference.

Question for Thought

Why does the north pole of a magnet 
point to the geographic North Pole if like 
poles repel?

The earth's north magnetic pole is 
actually a magnetic south pole located 
near the geographic North Pole.

Question for Thought

Explain what causes an electron to move 
toward one end of a wire when the wire is 
moved across a magnetic field.

The electron is moving, creating its own magnetic field.  
The interaction between the magnetic field of the 
electron and the external magnetic field creates a force 
on the electron, causing it to move.
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Question

What is the force between two balloons 
with a negative charge of 1.6 x 10-10 C if 
the balloons are 5.0 cm apart?

Answer

  2.

F =
kq1q2

d2

=
9.00 ×109 Nm2

C2

⎛ 
⎝ 
⎜ ⎞ 

⎠ 
1.6 × 10−10 C( )1.6 ×10−10 C( )
0.05 m( )2

=
2.304 ×10−10

0.0025
Nm2

C2 ×
C2

m2

= 9.9 × 10−8 N

Question

What is the voltage across a 60.0 Ω
resistor with a current of 3.33 amps?

Answer

  7.
V = IR

V = 3.33A( ) 60.0
V
A

⎛ 
⎝ 

⎞ 
⎠ 

= 2.00 ×102 V

Question

A 10.0 Ω lightbulb is connected to a 12.0 
Volt battery.  What is the current flowing 
through the bulb?  What is the power of 
the bulb?

Answer

  8. (a)
V = IR ∴ I = V

R

I =
12.0V
10.0Ω

= 1.2A
(b)

P = IV
= 1.2A( ) 12.0V( )
= 14.4W
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Waves

Types of waves
longitudinal
⌧e.g. sound

transverse
⌧e.g. electromagnetic waves

Velocity, frequency and wavelength
wave velocity = wavelength times frequency
⌧watch your units

Electromagnetism

Electricity according to 
Gauss

relates electricity to 
electric charge

Faraday’s Law
relates electric fields to 
magnetic fields

Magnetism according to 
Gauss

relates magnetism to 
electricity

Maxwell’s Equations
Ampere-Maxwell Law

relates magnetic field to 
electricity

Maxwell
unifies electricity and 
magnetism into 
electromagnetism

Light Basics (not specified 
in text but implied)

Planck Curves
Wien’s Law
Stefan-Boltzmann’s Law

Planck’s Radiation Curves

A way to depict frequency (inverse of 
wavelength) versus intensity

Frequency

Intensity

Wien’s Law

Peak wavelength is inversely proportional 
to the temperature of the blackbody

Intensity

Frequency

Cooler Body

Hotter Body

Peak Wavelength
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iClicker Question

Wien's Law relates which two 
properties of an object?

A temperature and velocity
B temperature and peak wavelength
C temperature and energy radiated
D focus and wavelength
E Doppler shift and wavelength

Stefan-Boltzmann Law

Energy radiated by 
blackbody is 
proportional to the 
temperature to the 
4th power

•E = σ T4

Energy vs. Temperature
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iClicker Question

If you turn up the temperature of a 
thermostat from 300 Kelvin to 1200 
Kelvin, how much more energy will be 
required to heat the chamber?

A 64 times
B 256 times
C 4 times
D 81 times
E 16 times

Electromagnetic Interactions

Transmission vs. opacity
Absorption vs. emission
Scattering

refraction
reflection
diffraction
interference

Electromagnetic Spectrum
Visible

Red (~7000 A or 700 nm)
Orange, Yellow, Green, 
Blue, Indigo
Violet (~4000 A or 400 nm)

More than meets the eye
radio, microwave, infrared, 
ROYGBIV (visible), 
ultraviolet, X-rays, gamma 
rays
⌧from lowest energy to 

highest energy
⌧from longest to shortest 

wavelength
⌧from lowest to highest 

frequency

iClicker Question

Which of the following groups have 
electromagnetic wavelengths, all of which 
are shorter than visible light:

A ultraviolet, microwave, radio
B ultraviolet, x-ray, gamma ray
C infrared, microwave, radio
D all of the above have wavelengths shorter 

than visible light
E none of the above have wavelengths with all 

shorter than visible light
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Reflection and Refraction
Reflection

the angle of incidence is equal to the angle of 
reflection
⌧θi = θr

Virtual image
light rays appear to originate from

Real image
light rays really do meet here

Refraction
change of direction of light
n = c / v [defines index of refraction]

Diffraction, Interference and 
Polarization

Diffraction
light rays appear to bend around the edge of 
an object

Interference
light rays interacting with other light rays 
causing reinforcement or canceling or some 
combination of the two

Polarization
vibrates/oscillates in a single plane

According to Planck

Photons
Have energy
E = h * f

Planck’s law relates the energy of 
a photon to its frequency or 
wavelength

E = energy of a photon
h = Planck’s constant

c = speed of light
λ = wavelength of light

The value of the constant h in this 
equation, called Planck’s constant, 
has been shown in laboratory 
experiments to be

h = 6.625 x 10–34 J s

Photoelectric Effect
The Photoelectric Effect

ejection of electrons from atoms caused by interaction of light 
and atoms
experiment explained by Einstein, but performed by others
⌧What caused this strange result?
⌧This is what Einstein won the Nobel Prize for
⌧Einstein published paper in 1905 and won Nobel Prize for this in

1921

Photoelectric Effect
The Photoelectric Effect

ejection of electrons from atoms caused by interaction of light 
and atoms
experiment explained by Einstein, but performed by others
⌧What caused this strange result?
⌧This is what Einstein won the Nobel Prize for
⌧Einstein published paper in 1905 and won Nobel Prize for this in

1921

Doppler Shift

A change in measured frequency caused by the 
motion of the observer or the source

classical example of pitch of train coming towards 
you and moving away
wrt light it is either red-shifted (away) or blue-shifted 
(towards)
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Question for Thought

What determines if an electromagnetic 
wave emitted from an object is a visible 
light wave or a wave of infrared radiation?

The frequency of the wave.  Alternately, 
the wavelength of the wave.

Question for Thought

What model of light does the diffraction of light 
support?  Explain.

Diffraction supports a wave theory of light.  A wave front 
diffracts only if the opening is about the same size as 
the wavelength.  A wave front passing through a large 
opening will generate wavelets that retain the shape of 
the wave.  A small opening will let the wave generate 
only one wavelet, which moves out in all directions from 
the opening.

Question for Thought

What carries more energy, red light or 
blue light?  Should this mean anything 
about the preferred color of warning and 
stop lights?  Explain.

Blue light carries more energy.  No it shouldn’t have 
anything to do with preferred colors of warning lights 
because the energy difference between these two colors 
is very, very small.  The number of photons determines 
the intensity of the light.

Question for Thought
What model of light is supported by the 
photoelectric effect?  Explain.

The photoelectric effect supports the particle model, 
because the effect depended on the frequency and not 
the intensity of the light.  This means that particles of 
certain energy were creating the effect and not the 
absorption of a wave.

Question for Thought

What happens to light that is absorbed by 
matter?

The energy in the light is transferred to the 
absorbing material.

Question for Thought

One star is reddish and the other is bluish.  
Do you know anything about the relative 
temperatures of the two stars?  Explain.

The bluish star is at a higher temperature 
because higher temperature objects emit more 
photons of shorter wavelengths (and higher 
energies) than objects with lower temperatures.
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Question for Thought

When does total internal reflection occur?  Why 
does this occur in the diamond more than other 
gemstones?

Internal reflection occurs when the angle of refraction is 
equal to or greater than 90°. This occurs more in the 
diamond because the critical angle depends upon the 
ratio of the indices of refraction of the air to the stone.  
The diamond has a very high index of refraction.

Question for Thought

Why does a highway sometimes appear 
wet on a hot summer day when it is not 
wet?

The hot air above the surface of the highway 
has a lower index of refraction than the air 
above it, so light striking the warmer air is 
refracted upward.  This light is interpreted by 
your brain to be reflected light.

Question for Thought

How can you tell if a pair of sunglasses is 
polarizing or not?

Look at the clear sky at an angle of about 90° from the 
sun.  The scattered light from this direction is partially 
polarized, so if the sky appears to darken as the glasses 
are turned, the glasses are polarized.  If you have a pair 
of polarizing sunglasses, turn a lens of the unknown pair 
over a stationary lens of the known, polarizing pair.  If the 
unknown pair is polarizing, light coming through the lens 
will appear to darken then brighten.

Question for Thought

What conditions are necessary for two light 
waves to form an interference pattern of bright 
lines and dark areas?

Two light beams from a single source striking a card with 
two small parallel slits in phase with each other are 
necessary.  Light is diffracted through these slits, landing 
on a screen.  Regions where the diffracted light from both 
of the slits is in phase have a bright line.  Regions where 
the diffracted light from one slit is out of phase with the 
light from the other slit have a dark line.

Question for Thought

Explain why the intensity of reflected light 
appears to change if you tilt your head 
from side to side while wearing polarizing 
sunglasses.

Reflected light is slightly polarized.  When the 
polarization of the reflected light is parallel with the 
polarizing sunglasses, it appears brighter.  When the 
polarization of the light is perpendicular with the 
sunglasses it appears darker.

Question for Thought

Why do astronauts in orbit around Earth 
see a black sky with stars that do not 
twinkle but see a blue Earth?

There is no atmosphere to suspend particles above the 
astronauts to scatter the light from the sun, so they see 
a black sky.  The stars do not twinkle because there is 
no atmospheric turbulence above them to refract the 
light in various ways.  The earth appears blue because 
light of that frequency is being scattered the most by the 
atmosphere below them.
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Question for Thought

What was so unusual about Planck’s 
findings about blackbody radiation?  Why 
was this considered revolutionary?

Planck's findings were revolutionary because they meant 
that vibrating molecules could only have a fixed amount 
of energy that could only be multiples of a certain 
amount called the quanta of energy.  All previous 
experience led everyone to believe that energy could 
exist in a continuous range of amounts.

Question for Thought
Why are both the photon model and the 
electromagnetic wave model accepted today as 
a single theory?  Why was this so difficult for 
people to accept at first?

Neither model totally explains all behavior of light, while 
a combination of these two models, using each when it is 
useful, explains all the behaviors of light.  There is 
nothing in conventional experience that behaves as a 
particle in some situations and a wave in different 
situations, so the concept is hard to visualize.

Question

How much time is required for reflected sunlight 
to travel from the Moon to Earth if the distance 
between Earth and the Moon is 3.85 x 105

kilometers?
A 7.8 x 102 s
B 1.28 x 103 s
C 1.28 x 10-3 s
D 7.8 x 10-4 s
E 7.8 x 103 s

Answer

  2.
v = d

t
∴ t = d

t

t =
3.85 ×105 km

3.00 ×108 km
s

= 1.28 ×10−3 s

Question

A monochromatic light source used in a 
diffraction experiment has a wavelength 
of 4.60 x 10-7 meters.  What is the energy 
of the photon of this light?

Answer

  6.
l = 4.60 ×10−7 m

c = fλ ∴ f = c
λ

and E = hf ∴ E = h c
λ

E = h
c
λ

E = 6.63 ×10−34 Js( )
3.00 ×108 m

s
⎛ 
⎝ 

⎞ 
⎠ 

4.60 ×10−7 m( )
= 4.32 ×10−19 J
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Question

The wavelength of light from a 
monochromatic source is measured to be 
6.80 x 10-7 meters.  What is the frequency 
of the light?  What is the color that you 
would observe?

Answer

  8. (a)

f =
c
λ

=
3.00 ×108 m

s
6.80 × 10−7 m

= 4.41 ×1014 Hz

(b)  This is in the frequency range of red light.


