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HNRS 227 Fall 2008
Chapter 5

Electricity, Magnetism
presented by Prof. Geller

Things to Remember
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 Question for Thought

Which is true about temperature and heat.
A Temperature is a measure of the 
average kinetic energy of the molecules of a 
substance.
B Heat is the total internal energy of the 
molecules involved in an energy transfer.
C Both A and B above are true.
D Neither A nor B above are true.
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Question for Thought
As the temperature of a solid increases, the 
vibrations of the individual molecules become larger.  
When these vibrations become larger, the average 
distance between the molecules increases to 
accommodate these larger oscillations, and the solid 
expands.  In a liquid or a gas, the individual 
molecules move faster as the temperature increases, 
and the collisions between individual molecules 
become more violent.  Since the molecules are 
moving faster, they move farther apart as they travel 
a larger distance in the time between collisions.

A This explains why most materials become less 
dense as their temperature is increased.
B This explains why most materials become more 
dense as their temperature is increased.

Question for Thought

Would the tight packing of more insulation, such 
as glass wool, in an enclosed space increase or 
decrease the insulation value?

A Increase the insulation value.
B Decrease the insulation value.

Tight packing would tend to decrease the insulation value of glass 
wool because it would squeeze the wool together and give the heat 
more paths to travel.  It is the presence of many small pockets of 
air, with unattached molecules, that gives glass wool and other 
similar insulation materials their insulating properties.

Question for Thought
Cooler air is found in low valleys on 
calm nights.
⌧A True
⌧B False

True.  Cooler air is denser than warmer air.  This denser 
air weighs more per volume than the warmer air and 
pushes the warmer air out of the way as it sinks down to 
its lowest level.  The warmer, less dense air sits on top 
of the cooler air because it weighs less per volume.

Question for Thought

Is air a good insulator?
A Yes
B No

Air is a good insulator because it is not 
very dense and conduction is not very 
efficient at transferring energy because 
the molecules are much farther apart than 
they are in solids or liquids.

Question for Thought

A piece of metal feels cooler than a piece 
of wood at the same temperature.

A True
B False

True.  The metal is more efficient at conducting heat 
away from your hand than wood, so it feels cooler 
because your hand senses heat leaving your body.

Question for Thought

The condensation of water vapor on a 
bathroom mirror warms the bathroom.

A True
B False

True.  Condensation occurs when more vapor molecules 
are returning to the liquid state than are leaving the 
liquid state.  When a water vapor molecule joins a group 
of liquid water molecules, it has to give up its latent heat 
of vaporization.  This heat is transferred to the 
surrounding air molecules such as the air in the 
bathroom.
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Question for Thought

Which provides more cooling for a 
styrofoam cooler?

A One with 10 pounds of ice at 0 
degrees C

B One with 10 pounds of ice water at 0 
degrees C?

The 10 pounds of ice (A) provide more cooling because as the ice
undergoes the phase change into water, it absorbs heat.  Ten 
pounds of ice water simply absorbs heat according to the value of 
its specific heat until it reaches room temperature and therefore 
absorbs less heat.

Question for Thought

Consider that a glass filled with a cold beverage seems 
to “sweat.”  Would you expect more sweating inside a 
house during the summer or during the winter?  

A Summer
B Winter

Water condenses out of the air onto the cooler surface 
of a glass because the air near the  glass is cooled, 
lowering its temperature to the dew point.  Since the 
warmer air can hold more water vapor in the summer, it 
would have more water vapor to condense.  Therefore, 
you would expect more condensation in the summer.

Question for Thought

A burn from steam at 100 degrees C is 
more severe than a burn from 100 
degrees C water.

A True
B False

True. One hundred degree Celsius steam 
contains more energy (540 cal/g) than 
100°C water, so the steam burn would be 
more severe.

Question for Thought

Relative humidity typically increases after 
sunset.

A True
B False

True. Cooling of air reduces the capacity of air to hold water vapor.  
Relative humidity is a ratio of water in the air to how much water it 
can hold.  Thus a decrease of capacity increases the relative 
humidity, even when the amount of water vapor in the air is 
constant.

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

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
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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

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
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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

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.
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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.

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.
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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.

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?
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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


