P2.1 Position — Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.
molecules that make up living systems:

P2.1 Position —Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.
molecules that make up living systems:

P2.1 Position — Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.
molecules that make up living systems:

P2.1 Position — Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.
molecules that make up living systems:

P2.1 Position — Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.
molecules that make up living systems:

P2.1 Position — Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.
molecules that make up living systems:



P2.1A Calculate the average speed of an object
using the change of position and elapsed time.

P2.1A Calculate the average speed of an object
using the change of position and elapsed time.

P2.1A Calculate the average speed of an object
using the change of position and elapsed time.

P2.1A Calculate the average speed of an object
using the change of position and elapsed time.

P2.1A Calculate the average speed of an object
using the change of position and elapsed time.

P2.1A Calculate the average speed of an object
using the change of position and elapsed time.



P2.1Position —Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1Position —Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1Position —Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.



P2.1B Represent the velocities for linear and circular
motion using motion diagrams (arrows on strobe pic-
tures).

P2.1B Represent the velocities for linear and circular
motion using motion diagrams (arrows on strobe pic-
tures).

P2.1B Represent the velocities for linear and circular
motion using motion diagrams (arrows on strobe pic-
tures).

P2.1B Represent the velocities for linear and circular
motion using motion diagrams (arrows on strobe pic-
tures).

P2.1B Represent the velocities for linear and circular
motion using motion diagrams (arrows on strobe pic-
tures).

P2.1B Represent the velocities for linear and circular
motion using motion diagrams (arrows on strobe pic-
tures).



P2.1 Position — Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed
as a function of time. An object’s speed can be
calculated and graphed as a function of time.



P2.1C Create line graphs using measured values of
position and elapsed time.

P2.1C Create line graphs using measured values of
position and elapsed time.

P2.1C Create line graphs using measured values of
position and elapsed time.

P2.1C Create line graphs using measured values of
position and elapsed time.

P2.1C Create line graphs using measured values of
position and elapsed time.

P2.1C Create line graphs using measured values of
position and elapsed time.



P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.



P2.1D Describe and analyze the motion that a position-
time graph represents, given the graph.

P2.1D Describe and analyze the motion that a position-
time graph represents, given the graph.

P2.1D Describe and analyze the motion that a position-
time graph represents, given the graph.

P2.1D Describe and analyze the motion that a position-
time graph represents, given the graph.

P2.1D Describe and analyze the motion that a position-
time graph represents, given the graph.

P2.1D Describe and analyze the motion that a position-
time graph represents, given the graph.



P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position —Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position —Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.



P2.1E Describe and classify various motions in a plane
as one dimensional, two dimensional, circular, or peri-
odic.

P2.1E Describe and classify various motions in a plane
as one dimensional, two dimensional, circular, or peri-
odic.

PP2.1E Describe and classify various motions in a
plane as one dimensional, two dimensional, circular, or
periodic.

P2.1E Describe and classify various motions in a plane
as one dimensional, two dimensional, circular, or peri-
odic.

P2.1E Describe and classify various motions in a plane
as one dimensional, two dimensional, circular, or peri-
odic.

P2.1E Describe and classify various motions in a plane
as one dimensional, two dimensional, circular, or peri-
odic.



P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.



P2.1F Distinguish between rotation and revolution and
describe and contrast the two speeds of an object like
the Earth.

P2.1F Distinguish between rotation and revolution and
describe and contrast the two speeds of an object like
the Earth.

P2.1F Distinguish between rotation and revolution and
describe and contrast the two speeds of an object like
the Earth.

P2.1F Distinguish between rotation and revolution and
describe and contrast the two speeds of an object like
the Earth.

P2.1F Distinguish between rotation and revolution and
describe and contrast the two speeds of an object like
the Earth.

P2.1F Distinguish between rotation and revolution and
describe and contrast the two speeds of an object like
the Earth.



P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.



C 4

P2.1g Solve problems involving average speed and
constant acceleration in one dimension.

C 4

P2.1g Solve problems involving average speed and
constant acceleration in one dimension.

C 4

P2.1g Solve problems involving average speed and
constant acceleration in one dimension.

C 4

P2.1g Solve problems involving average speed and
constant acceleration in one dimension.

C 4

P2.1g Solve problems involving average speed and
constant acceleration in one dimension.

C 4

P2.1g Solve problems involving average speed and
constant acceleration in one dimension.



P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.

P2.1 Position — Time

An object’s position can be measured and graphed as
a function of time. An object’s speed can be calculated
and graphed as a function of time.



C 4

P2.1h Identify the changes in speed and direction in
everyday examples of circular (rotation and revolution),
periodic, and projectile motions.

C 4

P2.1h Identify the changes in speed and direction in
everyday examples of circular (rotation and revolution),
periodic, and projectile motions.

C 4

P2.1h Identify the changes in speed and direction in
everyday examples of circular (rotation and revolution),
periodic, and projectile motions.

C 4

P2.1h Identify the changes in speed and direction in
everyday examples of circular (rotation and revolution),
periodic, and projectile motions.

C 4

P2.1h Identify the changes in speed and direction in
everyday examples of circular (rotation and revolution),
periodic, and projectile motions.

C 4

P2.1h Identify the changes in speed and direction in
everyday examples of circular (rotation and revolution),
periodic, and projectile motions.



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.

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.

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.

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.

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.

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.



P2.2A Distinguish between the variables of distance, P2.2A Distinguish between the variables of distance,
displacement, speed, velocity, and acceleration. displacement, speed, velocity, and acceleration.

P2.2A Distinguish between the variables of distance, P2.2A Distinguish between the variables of distance,
displacement, speed, velocity, and acceleration. displacement, speed, velocity, and acceleration.

P2.2A Distinguish between the variables of distance, P2.2A Distinguish between the variables of distance,
displacement, speed, velocity, and acceleration. displacement, speed, velocity, and acceleration.



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.

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.

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.

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.

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.

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.



P2.2B Use the change of speed and elapsed time to
calculate the average acceleration for linear motion.

P2.2B Use the change of speed and elapsed time to
calculate the average acceleration for linear motion.

P2.2B Use the change of speed and elapsed time to
calculate the average acceleration for linear motion.

P2.2B Use the change of speed and elapsed time to
calculate the average acceleration for linear motion.

P2.2B Use the change of speed and elapsed time to
calculate the average acceleration for linear motion.

P2.2B Use the change of speed and elapsed time to
calculate the average acceleration for linear motion.



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.

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.

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.

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.

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.

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.



P2.2C Describe and analyze the motion that a velocity-
time graph represents, given the graph.

P2.2C Describe and analyze the motion that a velocity-
time graph represents, given the graph.

P2.2C Describe and analyze the motion that a velocity-
time graph represents, given the graph.

P2.2C Describe and analyze the motion that a velocity-
time graph represents, given the graph.

P2.2C Describe and analyze the motion that a velocity-
time graph represents, given the graph.

P2.2C Describe and analyze the motion that a velocity-
time graph represents, given the graph.



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.

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.

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.

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.

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.

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.



P2.2D State that uniform circular motion involves ac-
celeration without a change in speed.

P2.2D State that uniform circular motion involves ac-
celeration without a change in speed.

P2.2D State that uniform circular motion involves ac-
celeration without a change in speed.

P2.2D State that uniform circular motion involves ac-
celeration without a change in speed.

P2.2D State that uniform circular motion involves ac-
celeration without a change in speed.

P2.2D State that uniform circular motion involves ac-
celeration without a change in speed.



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.

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.

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.

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.

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.

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.



C 4

P2.2e Use the area under a velocity-time graph to
calculate the distance traveled and the slope to calculate
the acceleration.

C 4

P2.2e Use the area under a velocity-time graph to
calculate the distance traveled and the slope to calculate
the acceleration.

C 4

P2.2e Use the area under a velocity-time graph to
calculate the distance traveled and the slope to calculate
the acceleration.

C 4

P2.2e Use the area under a velocity-time graph to
calculate the distance traveled and the slope to calculate
the acceleration.

C 4

P2.2e Use the area under a velocity-time graph to
calculate the distance traveled and the slope to calculate
the acceleration.

C 4

P2.2e Use the area under a velocity-time graph to
calculate the distance traveled and the slope to calculate
the acceleration.



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.

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.

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.

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.

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.

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.



C 4

P2.2f Describe the relationship between changes in
position, velocity, and acceleration during periodic mo-
tion.

C 4

P2.2f Describe the relationship between changes in
position, velocity, and acceleration during periodic mo-
tion.

C 4

P2.2f Describe the relationship between changes in
position, velocity, and acceleration during periodic mo-
tion.

C 4

P2.2f Describe the relationship between changes in
position, velocity, and acceleration during periodic mo-
tion.

C 4

P2.2f Describe the relationship between changes in
position, velocity, and acceleration during periodic mo-
tion.

C 4

P2.2f Describe the relationship between changes in
position, velocity, and acceleration during periodic mo-
tion.



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.

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.

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.

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.

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.

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.



C 4

P2.2g Apply the independence of the vertical and
horizontal initial velocities to solve projectile motion
problems.

C 4

P2.2g Apply the independence of the vertical and
horizontal initial velocities to solve projectile motion
problems.

C 4

P2.2g Apply the independence of the vertical and
horizontal initial velocities to solve projectile motion
problems.

C 4

P2.2g Apply the independence of the vertical and
horizontal initial velocities to solve projectile motion
problems.

C 4

P2.2g Apply the independence of the vertical and
horizontal initial velocities to solve projectile motion
problems.

C 4

P2.2g Apply the independence of the vertical and
horizontal initial velocities to solve projectile motion
problems.



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.

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.

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.

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.

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.

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.



C 4

P2.3a Describe and compare the motion of an object
using different reference frames.

C 4

P2.3a Describe and compare the motion of an object
using different reference frames.

C 4

P2.3a Describe and compare the motion of an object
using different reference frames.

C 4

P2.3a Describe and compare the motion of an object
using different reference frames.

C 4

P2.3a Describe and compare the motion of an object
using different reference frames.

C 4

P2.3a Describe and compare the motion of an object
using different reference frames.



P3.1 Basic Forces in Nature

Obijects can interact with each other by “direct contact”
(e.g., pushes or pulls, friction) or at a distance (e.g.,
gravity, electromagnetism, nuclear).

P3.1 Basic Forces in Nature

Obijects can interact with each other by “direct contact”
(e.g., pushes or pulls, friction) or at a distance (e.g.,
gravity, electromagnetism, nuclear).

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).

P3.1 Basic Forces in Nature

Obijects can interact with each other by “direct contact”
(e.g., pushes or pulls, friction) or at a distance (e.g.,
gravity, electromagnetism, nuclear).

P3.1 Basic Forces in Nature

Obijects can interact with each other by “direct contact”
(e.g., pushes or pulls, friction) or at a distance (e.g.,
gravity, electromagnetism, nuclear).

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).



P3.1A Identify the force(s) acting between objects in
“direct contact” or at a distance.

P3.1A Identify the force(s) acting between objects in
“direct contact” or at a distance.

P3.1A ldentify the force(s) acting between objects in
“direct contact” or at a distance.

P3.1A Identify the force(s) acting between objects in
“direct contact” or at a distance.

P3.1A Identify the force(s) acting between objects in
“direct contact” or at a distance.

P3.1A Identify the force(s) acting between objects in
“direct contact” or at a distance.



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.

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.

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.

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.

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.

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.



C 4

P3.1b Explain why scientists can ignore the gravita-
tional force when measuring the net force between two
electrons.

C 4

P3.1b Explain why scientists can ignore the gravita-
tional force when measuring the net force between two
electrons.

C 4

P3.1b Explain why scientists can ignore the gravita-
tional force when measuring the net force between two
electrons.

C 4

P3.1b Explain why scientists can ignore the gravita-
tional force when measuring the net force between two
electrons.

C 4

P3.1b Explain why scientists can ignore the gravita-
tional force when measuring the net force between two
electrons.

C 4

P3.1b Explain why scientists can ignore the gravita-
tional force when measuring the net force between two
electrons.



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.

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.

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.

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.

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.

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.



C 4

P3.1c Provide examples that illustrate the importance
of the electric force in everyday life.

C 4

P3.1c Provide examples that illustrate the importance
of the electric force in everyday life.

C 4

P3.1c Provide examples that illustrate the importance
of the electric force in everyday life.

C 4

P3.1c Provide examples that illustrate the importance
of the electric force in everyday life.

C 4

P3.1c Provide examples that illustrate the importance
of the electric force in everyday life.

C 4

P3.1c Provide examples that illustrate the importance
of the electric force in everyday life.



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.

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.

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.

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.

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.

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.



C 4

P3.1d Identify the basic forces in everyday interac-
tions.

C 4

P3.1d ldentify the basic forces in everyday interac-
tions.

C 4

P3.1d ldentify the basic forces in everyday interac-
tions.

C 4

P3.1d Identify the basic forces in everyday interac-
tions.

C 4

P3.1d ldentify the basic forces in everyday interac-
tions.

C 4

P3.1d ldentify the basic forces in everyday interac-
tions.



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).

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).

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).

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).

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).

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).



P3.2A Identify the magnitude and direction of every-
day forces (e.g., wind, tension in ropes, pushes and
pulls, weight).

P3.2A Identify the magnitude and direction of every-
day forces (e.g., wind, tension in ropes, pushes and
pulls, weight).

P3.2A Identify the magnitude and direction of every-
day forces (e.g., wind, tension in ropes, pushes and
pulls, weight).

P3.2A Identify the magnitude and direction of every-
day forces (e.g., wind, tension in ropes, pushes and
pulls, weight).

P3.2A Identify the magnitude and direction of every-
day forces (e.g., wind, tension in ropes, pushes and
pulls, weight).

P3.2A Identify the magnitude and direction of every-
day forces (e.g., wind, tension in ropes, pushes and
pulls, weight).



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).

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).

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).

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).

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).

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).



P3.2B Compare work done in different situations.

P3.2B Compare work done in different situations.

P3.2B Compare work done in different situations.

P3.2B Compare work done in different situations.

P3.2B Compare work done in different situations.

P3.2B Compare work done in different situations.



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).

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).

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).

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).

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).

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).



P3.2C Calculate the net force acting on an object.

P3.2C Calculate the net force acting on an object.

P3.2C Calculate the net force acting on an object.

P3.2C Calculate the net force acting on an object.

P3.2C Calculate the net force acting on an object.

P3.2C Calculate the net force acting on an object.



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).

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).

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).

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).

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).

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).



C 4

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.

C 4

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.

C 4

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.

C 4

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.

C 4

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.

C 4

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.



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 first 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 first 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 first 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 first 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 first 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 first object.



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

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

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

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



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 first 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 first 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 first 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 first 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 first 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 first object.



C 4

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).

C 4

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).

C 4

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).

C 4

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).

C 4

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).

C 4

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).



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 first 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 first 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 first 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 first 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 first 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 first object.



C 4

P3.3c Explain the recoil of a projectile launcher in
terms of forces and masses.

C 4

P3.3c Explain the recoil of a projectile launcher in
terms of forces and masses.

C 4

P3.3c Explain the recoil of a projectile launcher in
terms of forces and masses.

C 4

P3.3c Explain the recoil of a projectile launcher in
terms of forces and masses.

C 4

P3.3c Explain the recoil of a projectile launcher in
terms of forces and masses.

C 4

P3.3c Explain the recoil of a projectile launcher in
terms of forces and masses.



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 first 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 first 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 first 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 first 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 first 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 first object.



C 4

P3.3d Analyze why seat belts may be more important
in autos than in buses.

C 4

P3.3d Analyze why seat belts may be more important
in autos than in buses.

C 4

P3.3d Analyze why seat belts may be more important
in autos than in buses.

C 4

P3.3d Analyze why seat belts may be more important
in autos than in buses.

C 4

P3.3d Analyze why seat belts may be more important
in autos than in buses.

C 4

P3.3d Analyze why seat belts may be more important
in autos than in buses.



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.

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.

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.

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.

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.

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.



P3.4A Predict the change in motion of an object acted
on by several forces.

P3.4A Predict the change in motion of an object acted
on by several forces.

P3.4A Predict the change in motion of an object acted
on by several forces.

P3.4A Predict the change in motion of an object acted
on by several forces.

P3.4A Predict the change in motion of an object acted
on by several forces.

P3.4A Predict the change in motion of an object acted
on by several forces.



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.

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.

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.

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.

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.

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.



P3.4B Identify forces acting on objects moving with
constant velocity (e.g., cars on a highway).

P3.4B Identify forces acting on objects moving with
constant velocity (e.g., cars on a highway).

P3.4B Identify forces acting on objects moving with
constant velocity (e.g., cars on a highway).

P3.4B Identify forces acting on objects moving with
constant velocity (e.g., cars on a highway).

P3.4B Identify forces acting on objects moving with
constant velocity (e.g., cars on a highway).

P3.4B Identify forces acting on objects moving with
constant velocity (e.g., cars on a highway).



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.

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.

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.

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.

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.

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.



P3.4C Solve problems involving force, mass, and ac-
celeration in linear motion (Newton’s second law).

P3.4C Solve problems involving force, mass, and ac-
celeration in linear motion (Newton’s second law).

P3.4C Solve problems involving force, mass, and ac-
celeration in linear motion (Newton’s second law).

P3.4C Solve problems involving force, mass, and ac-
celeration in linear motion (Newton’s second law).

P3.4C Solve problems involving force, mass, and ac-
celeration in linear motion (Newton’s second law).

P3.4C Solve problems involving force, mass, and ac-
celeration in linear motion (Newton’s second law).



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.

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.

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.

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.

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.

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.



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).

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).

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).

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).

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).

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).



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.

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.

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.

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.

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.

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.



C 4

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).

C 4

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).

C 4

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).

C 4

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).

C 4

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).

C 4

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).



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.

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.

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.

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.

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.

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.



C 4

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.

C 4

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.

C 4

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.

C 4

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.

C 4

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.

C 4

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.



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.

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.

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.

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.

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.

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.



C 4

P3.4g Explain how the time of impact can affect the
net force (e.g., air bags in cars, catching a ball).

C 4

P3.4g Explain how the time of impact can affect the
net force (e.g., air bags in cars, catching a ball).

C 4

P3.4g Explain how the time of impact can affect the
net force (e.g., air bags in cars, catching a ball).

C 4

P3.4g Explain how the time of impact can affect the
net force (e.g., air bags in cars, catching a ball).

C 4

P3.4g Explain how the time of impact can affect the
net force (e.g., air bags in cars, catching a ball).

C 4

P3.4g Explain how the time of impact can affect the
net force (e.g., air bags in cars, catching a ball).



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.

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.

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.

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.

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.

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.



C 4

P3.5a Apply conservation of momentum to solve
simple collision problems.

C 4

P3.5a Apply conservation of momentum to solve
simple collision problems.

C 4

P3.5a Apply conservation of momentum to solve
simple collision problems.

C 4

P3.5a Apply conservation of momentum to solve
simple collision problems.

C 4

P3.5a Apply conservation of momentum to solve
simple collision problems.

C 4

P3.5a Apply conservation of momentum to solve
simple collision problems.



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.



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

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

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

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

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

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



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.



P3.6B Predict how the gravitational force between ob-

jects changes when the distance between them changes.

P3.6B Predict how the gravitational force between ob-

jects changes when the distance between them changes.

P3.6B Predict how the gravitational force between ob-

jects changes when the distance between them changes.

P3.6B Predict how the gravitational force between ob-
jects changes when the distance between them changes.

P3.6B Predict how the gravitational force between ob-
jects changes when the distance between them changes.

P3.6B Predict how the gravitational force between ob-
jects changes when the distance between them changes.



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.



P3.6C Explain how your weight on Earth could be dif-
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.

P3.6C Explain how your weight on Earth could be dif-
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.

P3.6C Explain how your weight on Earth could be dif-
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.



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.



C 4

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.

C 4

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.

C 4

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.

C 4

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.

C 4

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.

C 4

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.



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.



C 4

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

C 4

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

C 4

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

C 4

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

C 4

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

C 4

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



P3.7 Electric Charges

Electric force exists between any two charged objects.
Oppositely charged objects attract, while objects with
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tween two charged objects is proportional to the mag-
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square of the distance between them (Coulomb’s Law).
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encrypted to provide privacy and security.
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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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I, electric potential difference, V, and resistance, R, is
quantified by V =1 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 =1 V.
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P4.11x Heat,Temperature, and Efficiency

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 efficiency of systems is defined as
the ratio of the useful energy output to the total energy
input. The efficiency 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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dishwasher, given the efficiency of the home hot water
heater.
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P4.12 Nuclear Reactions

Changes in atomic nuclei can occur through three
processes: fission, 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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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.

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.

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.

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.

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.

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.



C 4

P4.12d Identify the source of energy in fission and fu-
sion nuclear reactions.

C 4

P4.12d Identify the source of energy in fission and fu-
sion nuclear reactions.

C 4

P4.12d Identify the source of energy in fission and fu-
sion nuclear reactions.

C 4

P4.12d Identify the source of energy in fission and fu-
sion nuclear reactions.

C 4

P4.12d Identify the source of energy in fission and fu-
sion nuclear reactions.

C 4

P4.12d Identify the source of energy in fission and fu-
sion nuclear reactions.



