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P2.1B Represent the velocities for linear and circular 
motion using motion diagrams (arrows on strobe pic-
tures).
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time graph represents, given the graph.
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P2.2 Velocity — Time
The motion of an object can be described by its posi-
tion and velocity as functions of time and by its average 
speed and average acceleration during intervals of time.
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P2.2D State that uniform circular motion involves ac-
celeration without a change in speed.
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P2.2g Apply the independence of the vertical and 
horizontal initial velocities to solve projectile motion 
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P2.3x Frames of Reference
All motion is relative to whatever frame of reference is 
chosen, for there is no motionless frame from which to 
judge all motion.
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P3.1 Basic Forces in Nature
Objects can interact with each other by “direct contact” 
(e.g., pushes or pulls, friction) or at a distance (e.g., 
gravity, electromagnetism, nuclear).
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P3.1A Identify the force(s) acting between objects in 
“direct contact” or at a distance.
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P3.1x Forces
There are four basic forces (gravitational, electromag-
netic, strong, and weak nuclear) that differ greatly in 
magnitude and range. Between any two charged par-
ticles, electric force is vastly greater than the gravita-
tional force. Most observable forces (e.g., those exerted 
by a coiled spring or friction) may be traced to electric 
forces acting between atoms and molecules.
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P3.1b Explain why scientists can ignore the gravita-
tional force when measuring the net force between two 
electrons.
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P3.2 Net Forces
Forces have magnitude and direction. The net force 
on an object is the sum of all the forces acting on the 
object. Objects change their speed and/or direction only 
when a net force is applied. If the net force on an object 
is zero, there is no change in motion (Newton’s First 
Law).
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P3.2A Identify the magnitude and direction of every-
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P3.2d Calculate all the forces on an object on an in-
clined plane and describe the object’s motion based on 
the forces using free-body diagrams.
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P3.3 Newton’s Third Law
Whenever one object exerts a force on another object, 
a force equal in magnitude and opposite in direction is 
exerted back on the fi rst object.
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P3.3A Identify the action and reaction force from ex-
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P3.3A Identify the action and reaction force from ex-
amples of forces in everyday situations (e.g., book on a 
table, walking across the fl oor, pushing open a door).

P3.3A Identify the action and reaction force from ex-
amples of forces in everyday situations (e.g., book on a 
table, walking across the fl oor, pushing open a door).

P3.3A Identify the action and reaction force from ex-
amples of forces in everyday situations (e.g., book on a 
table, walking across the fl oor, pushing open a door).

P3.3A Identify the action and reaction force from ex-
amples of forces in everyday situations (e.g., book on a 
table, walking across the fl oor, pushing open a door).

P3.3A Identify the action and reaction force from ex-
amples of forces in everyday situations (e.g., book on a 
table, walking across the fl oor, pushing open a door).

E E

E E

E E



P3.3 Newton’s Third Law
Whenever one object exerts a force on another object, 
a force equal in magnitude and opposite in direction is 
exerted back on the fi rst object.

P3.3 Newton’s Third Law
Whenever one object exerts a force on another object, 
a force equal in magnitude and opposite in direction is 
exerted back on the fi rst object.

P3.3 Newton’s Third Law
Whenever one object exerts a force on another object, 
a force equal in magnitude and opposite in direction is 
exerted back on the fi rst object.

P3.3 Newton’s Third Law
Whenever one object exerts a force on another object, 
a force equal in magnitude and opposite in direction is 
exerted back on the fi rst object.

P3.3 Newton’s Third Law
Whenever one object exerts a force on another object, 
a force equal in magnitude and opposite in direction is 
exerted back on the fi rst object.

P3.3 Newton’s Third Law
Whenever one object exerts a force on another object, 
a force equal in magnitude and opposite in direction is 
exerted back on the fi rst object.



P3.3b Predict how the change in velocity of a small 
mass compares to the change in velocity of a large mass 
when the objects interact (e.g., collide).
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P3.3d Analyze why seat belts may be more important 
in autos than in buses.
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P3.4 Forces and Acceleration
The change of speed and/or direction (acceleration) of 
an object is proportional to the net force and inversely 
proportional to the mass of the object. The acceleration 
and net force are always in the same direction.
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proportional to the mass of the object. The acceleration 
and net force are always in the same direction.



P3.4B Identify forces acting on objects moving with 
constant velocity (e.g., cars on a highway).
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P3.4 Forces and Acceleration
The change of speed and/or direction (acceleration) of 
an object is proportional to the net force and inversely 
proportional to the mass of the object. The acceleration 
and net force are always in the same direction.
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P3.4C Solve problems involving force, mass, and ac-
celeration in linear motion (Newton’s second law).
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P3.4 Forces and Acceleration
The change of speed and/or direction (acceleration) of 
an object is proportional to the net force and inversely 
proportional to the mass of the object. The acceleration 
and net force are always in the same direction.
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P3.4D Identify the force(s) acting on objects moving 
with uniform circular motion (e.g., a car on a circular 
track, satellites in orbit).
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P3.4 Forces and Acceleration
The change of speed and/or direction (acceleration) of 
an object is proportional to the net force and inversely 
proportional to the mass of the object. The acceleration 
and net force are always in the same direction.
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P3.4e Solve problems involving force, mass, and ac-
celeration in two-dimensional projectile motion re-
stricted to an initial horizontal velocity with no initial 
vertical velocity (e.g., ball rolling off a table).
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P3.4 Forces and Acceleration
The change of speed and/or direction (acceleration) of 
an object is proportional to the net force and inversely 
proportional to the mass of the object. The acceleration 
and net force are always in the same direction.
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P3.4f Calculate the changes in velocity of a thrown or 
hit object during and after the time it is acted on by the 
force.
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P3.4 Forces and Acceleration
The change of speed and/or direction (acceleration) of 
an object is proportional to the net force and inversely 
proportional to the mass of the object. The acceleration 
and net force are always in the same direction.
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P3.4g Explain how the time of impact can affect the 
net force (e.g., air bags in cars, catching a ball).
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P3.5x Momentum
A moving object has a quantity of motion (momentum) 
that depends on its velocity and mass. In interactions 
between objects, the total momentum of the objects 
does not change.
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A moving object has a quantity of motion (momentum) 
that depends on its velocity and mass. In interactions 
between objects, the total momentum of the objects 
does not change.



P3.5a Apply conservation of momentum to solve 
simple collision problems.
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P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.
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tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.
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distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
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masses and inversely proportional to the square of the 
distance between them.



P3.6A Explain earth-moon interactions (orbital mo-
tion) in terms of forces.
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tion) in terms of forces.

P3.6A Explain earth-moon interactions (orbital mo-
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P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.
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tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.
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masses and inversely proportional to the square of the 
distance between them.



P3.6B Predict how the gravitational force between ob-
jects changes when the distance between them changes.
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P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.
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exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.
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exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.



P3.6C Explain how your weight on Earth could be dif-
ferent from your weight on another planet.
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ferent from your weight on another planet.

P3.6C Explain how your weight on Earth could be dif-
ferent from your weight on another planet.

E E

E E

E E



P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.



P3.6d Calculate force, masses, or distance, given any 
three of these quantities, by applying the Law of Uni-
versal Gravitation, given the value of G.
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P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.

P3.6 Gravitational Interactions
Gravitation is a universal attractive force that a mass 
exerts on every other mass. The strength of the gravita-
tional force between two masses is proportional to the 
masses and inversely proportional to the square of the 
distance between them.



P3.6e Draw arrows (vectors) to represent how the 
direction and magnitude of a force changes on an object 
in an elliptical orbit.

P3.6e Draw arrows (vectors) to represent how the 
direction and magnitude of a force changes on an object 
in an elliptical orbit.

P3.6e Draw arrows (vectors) to represent how the 
direction and magnitude of a force changes on an object 
in an elliptical orbit.

P3.6e Draw arrows (vectors) to represent how the 
direction and magnitude of a force changes on an object 
in an elliptical orbit.

P3.6e Draw arrows (vectors) to represent how the 
direction and magnitude of a force changes on an object 
in an elliptical orbit.

P3.6e Draw arrows (vectors) to represent how the 
direction and magnitude of a force changes on an object 
in an elliptical orbit.

C

C

C

C

C

C



P3.7 Electric Charges
Electric force exists between any two charged objects. 
Oppositely charged objects attract, while objects with 
like charge repel. The strength of the electric force be-
tween two charged objects is proportional to the mag-
nitudes of the charges and inversely proportional to the 
square of the distance between them (Coulomb’s Law).
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Electric force exists between any two charged objects. 
Oppositely charged objects attract, while objects with 
like charge repel. The strength of the electric force be-
tween two charged objects is proportional to the mag-
nitudes of the charges and inversely proportional to the 
square of the distance between them (Coulomb’s Law).



P3.7A Predict how the electric force between charged 
objects varies when the distance between them and/or 
the magnitude of charges change.
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P3.7 Electric Charges
Electric force exists between any two charged objects. 
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P3.p8 Magnetic Force (prerequisite)
Magnets exert forces on all objects made of ferromag-
netic materials (e.g., iron, cobalt, and nickel) as well 
as other magnets. This force acts at a distance. Mag-
netic fi elds accompany magnets and are related to the 
strength and direction of the magnetic force. (prerequi-
site)
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P3.8x Electromagnetic Force
Magnetic and electric forces are two aspects of a single 
electromagnetic force. Moving electric charges produce 
magnetic forces and moving magnets produce electric 
forces (e.g., electric current in a conductor).
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P4.1 Energy Transfer
Moving objects and waves transfer energy from one 
location to another. They also transfer energy to objects 
during interactions (e.g., sunlight transfers energy to the 
ground when it warms the ground; sunlight also trans-
fers energy from the Sun to the Earth).
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P4.1x Energy Transfer — Work
Work is the amount of energy transferred during an 
interaction. In mechanical systems, work is the amount 
of energy transferred as an object is moved through a 
distance, W = F d, where d is in the same direction as 
F. The total work done on an object depends on the net 
force acting on the object and the object’s displacement.
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P4.2 Energy Transformation
Energy is often transformed from one form to another. 
The amount of energy before a transformation is equal 
to the amount of energy after the transformation. In 
most energy transformations, some energy is converted 
to thermal energy.
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P4.3 Kinetic and Potential Energy
Moving objects have kinetic energy. Objects experi-
encing a force may have potential energy due to their 
relative positions (e.g., lifting an object or stretching a 
spring, energy stored in chemical bonds). Conversions 
between kinetic and gravitational potential energy are 
common in moving objects. In frictionless systems, the 
decrease in gravitational potential energy is equal to the 
increase in kinetic energy or vice versa.
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P4.3x Kinetic and Potential Energy — Calculations
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calculations
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calculations
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calculations
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calculations
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calculations
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.



P4.3d Rank the amount of kinetic energy from highest 
to lowest of everyday examples of moving objects.

P4.3d Rank the amount of kinetic energy from highest 
to lowest of everyday examples of moving objects.

P4.3d Rank the amount of kinetic energy from highest 
to lowest of everyday examples of moving objects.

P4.3d Rank the amount of kinetic energy from highest 
to lowest of everyday examples of moving objects.

P4.3d Rank the amount of kinetic energy from highest 
to lowest of everyday examples of moving objects.

P4.3d Rank the amount of kinetic energy from highest 
to lowest of everyday examples of moving objects.

E E

E E

E E



P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.



P4.3e Calculate the changes in kinetic and potential 
energy in simple mechanical systems (e.g., pendulums, 
roller coasters, ski lifts) using the formulas for kinetic 
energy and potential energy.

P4.3e Calculate the changes in kinetic and potential 
energy in simple mechanical systems (e.g., pendulums, 
roller coasters, ski lifts) using the formulas for kinetic 
energy and potential energy.

P4.3e Calculate the changes in kinetic and potential 
energy in simple mechanical systems (e.g., pendulums, 
roller coasters, ski lifts) using the formulas for kinetic 
energy and potential energy.

P4.3e Calculate the changes in kinetic and potential 
energy in simple mechanical systems (e.g., pendulums, 
roller coasters, ski lifts) using the formulas for kinetic 
energy and potential energy.

P4.3e Calculate the changes in kinetic and potential 
energy in simple mechanical systems (e.g., pendulums, 
roller coasters, ski lifts) using the formulas for kinetic 
energy and potential energy.

P4.3e Calculate the changes in kinetic and potential 
energy in simple mechanical systems (e.g., pendulums, 
roller coasters, ski lifts) using the formulas for kinetic 
energy and potential energy.

E E

E E

E E



P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.

P4.3x Kinetic and Potential Energy — Calcula-
tions
The kinetic energy of an object is related to the mass of 
an object and its speed: KE = 1/2 mv2.



P4.3f Calculate the impact speed (ignoring air resis-
tance) of an object dropped from a specifi c height or 
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P4.4 Wave Characteristics
Waves (mechanical and electromagnetic) are described 
by their wavelength, amplitude, frequency, and speed.
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P4.4x Wave Characteristics — Calculations
Wave velocity, wavelength, and frequency are related 
by v =λf. The energy transferred by a wave is propor-
tional to the square of the amplitude of vibration and its 
frequency.
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P4.5 Mechanical Wave Propagation
Vibrations in matter initiate mechanical waves (e.g., 
water waves, sound waves, seismic waves), which may 
propagate in all directions and decrease in intensity in 
proportion to the distance squared for a point source. 
Waves transfer energy from one place to another with-
out transferring mass.
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P4.6 Electromagnetic Waves
Electromagnetic waves (e.g., radio, microwave, infra-
red, visible light, ultraviolet, x-ray) are produced by 
changing the motion (acceleration) of charges or by 
changing magnetic fi elds. Electromagnetic waves can 
travel through matter, but they do not require a mate-
rial medium. (That is, they also travel through empty 
space.) All electromagnetic waves move in a vacuum at 
the speed of light. Types of electromagnetic radiation 
are distinguished from each other
by their wavelength and energy.
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P4.6A Identify the different regions on the electromag-
netic spectrum and compare them in terms of wave-
length, frequency, and energy.
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P4.6x Electromagnetic Propagation
Modulated electromagnetic waves can transfer informa-
tion from one place to another (e.g., televisions, radios, 
telephones, computers and other information technol-
ogy devices). Digital communication makes more 
effi cient use of the limited electromagnetic spectrum, 
is more accurate than analog transmission, and can be 
encrypted to provide privacy and security.
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P4.r7x Quantum Theory of Waves (recommend-
ed)
Electromagnetic energy is transferred on the atomic 
scale in discrete amounts called quanta. The equation 
E = h f quantifi es the relationship between the energy 
transferred and the frequency, where h is Planck’s con-
stant. (recommended)
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P4.r7h Calculate and compare the energy in various 
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P4.8 Wave Behavior — Refl ection and Refrac-
tion
The laws of refl ection and refraction describe the 
relationships between incident and refl ected/refracted 
waves.
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P4.8x Wave Behavior — Diffraction, Interfer-
ence, and Refraction
Waves can bend around objects (diffraction). They also 
superimpose on each other and continue their propaga-
tion without a change in their original properties (inter-
ference). When refracted, light follows a defi ned path.
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onstrate the interference characteristics of waves (e.g., 
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P4.8e Given an angle of incidence and indices of 
refraction of two materials, calculate the path of a light 
ray incident on the boundary (Snell’s Law).
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P4.8x Wave Behavior — Diffraction, Interfer-
ence, and Refraction
Waves can bend around objects (diffraction). They also 
superimpose on each other and continue their propaga-
tion without a change in their original properties (inter-
ference). When refracted, light follows a defi ned path.
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P4.8f Explain how Snell’s Law is used to design lenses 
(e.g., eye glasses, microscopes, telescopes, binoculars).
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P4.9 Nature of Light
Light interacts with matter by refl ection, absorption, or 
transmission.
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P4.9A Identify the principle involved when you see a 
transparent object (e.g., straw, piece of glass) in a clear 
liquid.
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P4.9B Explain how various materials refl ect, absorb, or 
transmit light in different ways.
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P4.9C Explain why the image of the Sun appears red-
dish at sunrise and sunset.
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P4.r9x Nature of Light — 
Wave-Particle Nature (recommended)
The dual wave-particle nature of matter and light is the 
foundation for modern physics. (recommended)
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P4.r9d Describe evidence that supports the dual wave 
- particle nature of light. (recommended)
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P4.10 Current Electricity — Circuits
Current electricity is described as movement of charges. 
It is a particularly useful form of energy because it 
can be easily transferred from place to place and read-
ily transformed by various devices into other forms of 
energy (e.g., light, heat, sound, and motion). Electrical 
current (amperage) in a circuit is determined by the 
potential difference (voltage) of the power source and 
the resistance of the loads in the circuit.
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P4.10A Describe the energy transformations when 
electrical energy is produced and transferred to homes 
and businesses.
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P4.10B Identify common household devices that trans-
form electrical energy to other forms of energy, and 
describe the type of energy transformation.
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P4.10C Given diagrams of many different possible 
connections of electric circuit elements, identify com-
plete circuits, open circuits, and short circuits and 
explain the reasons for the classifi cation.
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P4.10 Current Electricity — Circuits
Current electricity is described as movement of charges. 
It is a particularly useful form of energy because it 
can be easily transferred from place to place and read-
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current (amperage) in a circuit is determined by the 
potential difference (voltage) of the power source and 
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P4.10D Discriminate between voltage, resistance, and 
current as they apply to an electric circuit.
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P4.10x Current Electricity — Ohm’s Law, Work, 
and Power
In circuits, the relationship between electric current, 
I, electric potential difference, V, and resistance, R, is 
quantifi ed by V = I R (Ohm’s Law). Work is the amount 
of energy transferred during an interaction. In electrical 
systems, work is done when charges are moved through 
the circuit. Electric power is the amount of work done 
by an electric current in a unit of time, which can be 
calculated using P = I V.
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P4.10e Explain energy transfer in a circuit, using an 
electrical charge model.
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P4.10f Calculate the amount of work done when a 
charge moves through a potential difference, V.
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In circuits, the relationship between electric current, 
I, electric potential difference, V, and resistance, R, is 
quantifi ed by V = I R (Ohm’s Law). Work is the amount 
of energy transferred during an interaction. In electrical 
systems, work is done when charges are moved through 
the circuit. Electric power is the amount of work done 
by an electric current in a unit of time, which can be 
calculated using P = I V.
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P4.10x Current Electricity — Ohm’s Law, Work, 
and Power
In circuits, the relationship between electric current, 
I, electric potential difference, V, and resistance, R, is 
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P4.10h Explain how circuit breakers and fuses protect 
household appliances.
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P4.10x Current Electricity — Ohm’s Law, Work, 
and Power
In circuits, the relationship between electric current, 
I, electric potential difference, V, and resistance, R, is 
quantifi ed by V = I R (Ohm’s Law). Work is the amount 
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the circuit. Electric power is the amount of work done 
by an electric current in a unit of time, which can be 
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P4.10i Compare the energy used in one day by com-
mon household appliances (e.g., refrigerator, lamps, 
hair dryer, toaster, televisions, music players).
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P4.10x Current Electricity — Ohm’s Law, Work, 
and Power
In circuits, the relationship between electric current, 
I, electric potential difference, V, and resistance, R, is 
quantifi ed by V = I R (Ohm’s Law). Work is the amount 
of energy transferred during an interaction. In electrical 
systems, work is done when charges are moved through 
the circuit. Electric power is the amount of work done 
by an electric current in a unit of time, which can be 
calculated using P = I V.
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P4.10j Explain the difference between electric power 
and electric energy as used in bills from an electric 
company.
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P4.11x Heat, Temperature, and Effi ciency
Heat is often produced as a by-product during energy 
transformations. This energy is transferred into the 
surroundings and is not usually recoverable as a useful 
form of energy. The effi ciency of systems is defi ned as 
the ratio of the useful energy output to the total energy 
input. The effi ciency of natural and human-made sys-
tems varies due to the amount of heat that is not recov-
ered as useful work.
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P4.11a Calculate the energy lost to surroundings when 
water in a home water heater is heated from room 
temperature to the temperature necessary to use in a 
dishwasher, given the effi ciency of the home hot water 
heater.
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P4.11b Calculate the fi nal temperature of two liquids 
(same or different materials) at the same or different tem-
peratures and masses that are combined.
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P4.12 Nuclear Reactions
Changes in atomic nuclei can occur through three 
processes: fi ssion, fusion, and radioactive decay. Fis-
sion and fusion can convert small amounts of matter 
into large amounts of energy. Fission is the splitting of 
a large nucleus into smaller nuclei at extremely high 
temperature and pressure. Fusion is the combination of 
smaller nuclei into a large nucleus and is responsible for 
the energy of the Sun and other stars. Radioactive decay 
occurs naturally in the Earth’s crust (rocks, minerals) 
and can be used in technological applications (e.g., 
medical diagnosis and treatment).
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P4.12A Describe peaceful technological applications 
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and can be used in technological applications (e.g., 
medical diagnosis and treatment).



P4.12B Describe possible problems caused by expo-
sure to prolonged radioactive decay.
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P4.12C Explain how stars, including our Sun, produce 
huge amounts of energy (e.g., visible, infrared, ultravio-
let light).
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P4.12x Mass and Energy
In nuclear reactions, a small amount of mass is con-
verted to a large amount of energy, E = mc2, where c is 
the speed of light in a vacuum. The amount of energy 
before and after nuclear reactions must consider mass 
changes as part of the energy transformation.
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P4.12d Identify the source of energy in fi ssion and fu-
sion nuclear reactions.
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