
MCS Advanced Placement Physics C: Mechanics Subject Group Overview

Unit Name
Kinematics Newton’s Law of Motion Work, Energy, and Power

Systems of Particles
and Linear Momentum

Rotation Oscillations Gravitation

Time
Frame August and September October and November December January February March April
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Standards,
Big Ideas

and
Science

Practices

Standards

CHA-1
There are relationships
among the vector quantities
of position, velocity, and
acceleration for the motion of
a particle along a straight line.

CHA-2
There are multiple
simultaneous relationships
among the quantities of
position, velocity, and
acceleration for the motion of
a particle moving in more
than one dimension with or
without net forces.

Big Ideas
Changes

Science Practices
● Visual Representations
● Representing Data and

Phenomena
● Analysis
● Mathematical Routines
● Argumentation
● Theoretical Relationships

Standards

INT-1
A net force will change the
translational motion of an
object.

INT-2
The motion of some objects
is constrained so that forces
acting on the object cause it
to move in a circular path.

INT-3
There are force pairs with
equal magnitude and
opposite directions
between any two
interacting objects.

Big Ideas
Force Interactions

Science Practices
● Visual Representations
● Question and Method
● Representing Data and

Phenomena
● Data Analysis
● Theoretical Relationships
● Argumentation
● Mathematical Routines

Standards

INT-4
When a force is exerted
on an object, and the
energy of the object
changes, then work is
done on the object.

CON-1
Conservative forces
internal to the system can
change the potential
energy of that system.

CON-2
The energy of a system
can transform from one
form to another without
changing the total
amount of energy in the
system.

CON-3
The energy of an object
or a system can be
changed at different
rates.

Big Ideas
● Force Interactions
● Conservation

Science Practices

Standards

CHA-3
The linear motion of a
system can be
described by the
displacement, velocity,
and acceleration of its
center of mass.

INT-5
An impulse exerted on
an object will change
the linear momentum
of the object

CON-4
In the absence of an
external force, the total
momentum within a
system can transfer
from one object to
another without
changing the total
momentum in the
system

Big Ideas
● Force Interactions
● Conservation
● Changes

Science Practices

Standards

INT-6
When a physical
system involves an
extended rigid body,
there are two
conditions of
equilibrium—a
translational condition
and a rotational
condition.

CHA-4
There are relationships
among the physical
properties of angular
velocity, angular
position, and angular
acceleration.

INT-7
A net torque acting on
a rigid extended body
will produce rotational
motion about a fixed
axis.

CON-5
In the absence of an
external torque, the
total angular
momentum of a
system can transfer

Standards

INT-8
There are certain types
of forces that cause
objects to repeat their
motions with a regular
pattern.

Big Ideas
Conservation

Science Practices
● Visual

Representation
● Question and

Method
● Data Analysis
● Theoretical

Relationships
● Argumentation

Standards

FLD-1
Objects of large mass
will cause gravitational
fields that create an
interaction at a distance
with other objects with
mass.

CON-6
Angular momentum and
total mechanical energy
will not change for a
satellite in an orbit.

Big Ideas
Fields

Science Practices
● Visual Representation
● Question and Method
● Data Analysis
● Theoretical

Relationships
● Argumentation
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● Question and Method
● Argumentation
● Visual Representations
● Data Analysis
● Mathematical

Routines
● Theoretical

Relationships

● Mathematical
Routines

● Visual
Representations

● Question and
Method

● Theoretical
Relationships

● Argumentation

from one object to
another within the
system without
changing the total
angular momentum of
the system.

Big Ideas
● Force Interactions
● Conservation
● Changes

Science Practices
● Question and

Method
● Representing Data

and Phenomena
● Theoretical

Relationships
● Mathematical

Routines
● Visual

Representations
● Data Analysis
● Argumentation

Approach
es To

Learning
Instructio

nal
Strategies

Desktop Experiment
Provide students with a
pull-back toy car and a means
to take video, and have them
record position versus time
data for the car as it speeds
up and slows down. Have
students fit a cubic
polynomial to the
position-time data and use
calculus to predict the car’s
maximum speed and initial
and final magnitude of
acceleration.

Desktop Experiment
Drill a small hole in the
center of a wooden meter
stick so that a pencil point
fits in the hole. Place a
penny on the meterstick
and gently rotate the
meterstick faster and faster
until the penny slips. Have
students make
measurements and
calculations to find the
coefficient of static friction

Bar Chart Present
students with a sequence
of two or three energy
bar charts and have them
describe a realistic
situation that would
involve those energy
transformations.
Students must also draw
a diagram of the
situation.

Graph and Switch
Student A constructs a

Four-Square Problem
Solving Present
students with some
problem where an
object’s motion
changes (such as a car
on an on-ramp entering
a freeway). Have
students determine the
force applied to the
object using Newton’s
laws of motion,
work-energy theorem,
and

Desktop Experiment
Students allow a yo-yo
to fall and unroll. Have
them use a meter stick
and stopwatch to
determine its
downward
acceleration. Also have
them measure its mass
and the radius of its
axle and use that
information to
determine the yo-yo’s

Changing
Representations
Students are given a
graph of
position/velocity/accele
ration for SHM and
must make the other
three graphs with the
same time scale, along
with force, momentum,
kinetic energy, potential
energy, and total energy
versus time graphs. The
students must also

Identify Subtasks
Have students research
the structure of the
Earth (specifically the
density and depth of the
various layers of the
Earth: crust, mantle,
outer core, inner core)
and then calculate what
the gravitational field
strength must be at the
boundary of each layer.
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Desktop Experiment
Give students a ball launcher,
right-triangular block, and
meter stick. Have them
calculate the launch speed of
the ball using a horizontal
launch of the ball from the
launcher, then predict where
the ball will land if the ball is
launched on the triangular
block.

Changing Representations
Give students a verbal
description of segmented
motion, such as “accelerates
from rest at 5 m/s2 for 10
seconds, then comes to rest
again after another
20 seconds.” Have students
draw
position/velocity/acceleration
graphs and formulate
piecewise
position/velocity/acceleration
equations of motion.

Create a Plan
Find data of speed and total
stopping distance for cars.
Provide students with five
pairs of speed and total
stopping distances (not
broken into thinking and
braking distances). Ask
students to determine from
the data the driver’s reaction

between the meterstick and
the penny.

Graph and Switch
Student A produces a
free-body diagram. Student
B is to suggest a situation
where the forces on an
object would be described
by that diagram.

Discussion Groups
Have students explain why
a strong man will win
against a small child in
tug-of-war, even though the
rope always has the same
tension at both ends. Have
students support their
reasoning with free-body
diagrams.

Desktop Experiment
Ask students to find the
coefficient of friction (static
or kinetic) of a shoe or
other object. This activity
can be made into a
competition, where the
team with the simplest
procedure or the team that
uses the least equipment
wins.

Desktop Experiment
Give students an object
having unknown-mass (or
have students use their set
of house keys, if available),

potential energy (PE)
function that has at least
one minimum and a
graph of that function.
Student B formulates
AP-level questions about
the PE function (i.e., “If a
2 kg mass is released at x
= 3 m, what is its speed at
x = 9 m?”) that Student C
must answer.

Desktop Experiment
Using spring-loaded
suction cup launchers,
have students measure
the spring constant of the
spring, not by removing
the spring from the
launcher, but by
measuring some aspect
of the suction cup's
motion after being
launched.
Identify Subtasks
Have students construct a
graph of power delivered
to a car as a function of
time as the car
accelerates from rest and
reaches full speed. Next,
ask students to
determine the car’s mass
and its velocity as a
function of time.

Changing
Representations Have
each student describe an

impulse-momentum
theorem. The fourth
square is a free-body
diagram.

Desktop Experiment
Give students two
spring-loaded carts
with different mass
First, have students
determine the amount
of kinetic energy
gained by Cart 1 when
launched by its spring.
Then, have students
make Cart 1 collide
elastically with Cart 2
and predict where Cart
2 will land when it rolls
off of the track.

Desktop Experiment
Using two bathroom
scales and a long
wooden plank, have
students determine the
location of their center
of mass. Have students
determine how far
their center of mass
moves as they move
their arms from their
sides to up over their
head.

Desktop Experiment
Give students a device
that fires a projectile
much faster than can

rotational inertia using
rotational dynamics.

Desktop Experiment
Have students release
a yo-yo from the top of
a ramp and allow it to
roll down the ramp.
Have them use a meter
stick and stopwatch to
determine the yo-yo’s
final velocity and the
height of its release.
Next, have them
measure the yo-yo’s
outer radius and mass
and use that
information to
determine the yo-yo’s
rotational inertia using
energy concepts.

Create a Plan
Have students
complete the
necessary research to
determine the
rotational inertia of a
human body in
different configurations
(arms outstretched,
arms pulled in, for
example). Then, obtain
footage of a figure
skater spinning and
pulling in her his/arms.
Have students analyze
the footage to see if

make energy bar charts
for various instants
during the SHM.

Desktop Experiment
Obtain a steel ruler or
yardstick, clamp it to a
table, and attach
various masses to the
end with the hole in it.
Have students measure
the period of oscillation
for each mass attached,
and then use the data
to determine the spring
constant of the steel
ruler.

Desktop Experiment
Have students use a
pendulum to determine
the acceleration of
gravity in the classroom.
The winners are the
group whose procedure
includes the most
components for
reducing error (timing
multiple periods,
linearizing data, very
precisely finding the
center of mass of the
bob, for example).

Ranking
Give students four to six
cases of a mass on a
spring. The cases show
different masses, spring

Predict and Explain Have
students predict
whether an object
dropped into a hole
drilled into a
uniformly-dense,
non-rotating planet
exhibits simple harmonic
motion. Have students
show that it does
(because the
gravitational force is
proportional to
displacement from the
center).

Bar Chart
Have students create an
energy bar-chart for an
actual comet or asteroid
that orbits the sun. Next,
have them research the
orbital parameters of the
asteroid to make scale
bar charts. The
perihelion should be
between 20% and 70%
of the aphelion.

Desktop Experiment
Have students use the
My Solar System PhET
applet to establish a
circular orbit of a planet
whose mass is very small
compared to the central
star. Trying various
combinations of radius,
speed, star mass, and
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time and the car’s braking
acceleration.

Graph and Switch
Student A creates a horizontal
and vertical pair of velocity
graphs for projectile motion,
and Student B must write a
narrative of what happens
(including whether the
projectile was shot at an
angle, lands higher or lower
or at the same height).

known masses, string,
pulley, meter stick, and
stopwatch. Have students
determine the unknown
mass of the object.

everyday activity that
involves the transfer of
mechanical energy.
Students then construct
energy bar charts
showing the exchanges of
energy and free-body
diagrams to show the
forces doing work, and
flowcharts to show the
flow of energy from one
system or form to
another.

be measured directly
using distance and time
data. Students are to
fire the projectile into a
stationary, freely
movable object; make
necessary
measurements; and
use conservation of
momentum to
determine the launch
speed of the projectile.

angular momentum is
conserved.

Bar Chart
Have students a hoop
and a disk (equal mass
and radius) down
identical ramps. Then
have them explain why
the disk reached the
bottom in less time
using energy bar charts
and to-scale free-body
diagrams.

Identify Subtasks
Have students design a
walkway (of given
mass) that is to be
suspended from a
ceiling. Have them
determine the amount
of force the two
supports (one on each
end) must be able to
provide as a person (of
given mass) walks
across the walkway.

constants, and
oscillation amplitudes
(m/k/2A, m/2k/A, and
2m/k/2A, for example).
Have students rank
them based on period,
frequency, maximum
speed, maximum
acceleration, maximum
force, and total energy

Predict and Explain
Have students predict
whether a ball rolling
back and forth inside a
spherical bowl is SHM.
Have them take data to
show whether this is
SHM (period
independent of
amplitude or motion is
a sine function or force
proportional to
displacement).

planet mass (always
making a circular orbit),
have students show
evidence of Newton’s
Law of Universal
Gravitation.

Desktop Experiment
Have students use the
My Solar System PhET
applet to establish a
circular orbit of a planet
whose mass is very small
compared to the central
star. Trying various
combinations of radius
and speed (always
making a circular orbit),
have students show
evidence of Kepler’s
Third Law.

Statement
of Inquiry

and
phenomeno

n

SOI
Ways to describe and analyze
motion make travel by plane,
train, or bus possible.

Phenomenon
A ball thrown horizontally
will reach the ground at
the same time as a ball
dropped from the same
height.

SOI
Forces act on you and
everything around you at all
times.

Phenomenon
The swirling motion
continues after you’ve
stopped stirring a cup of
coffee or tea.

SOI
Work and power describe
how the external world
changes the energy of a
system.

Phenomenon
Why is it easier to walk
up a flight of steps, rather
than run, when the
gravitational potential

SOI
Momentum is the key
to success in many
sporting events,
including baseball,
football, ice hockey,
and tennis

Phenomenon
Why are cannon barrels
so much longer and

SOI
Amusement-park rides
are designed to
accelerate the rider in
as many ways as
possible.

Phenomenon
Why is it easier to
balance a bicycle when
it’s in motion?

SOI
Knowledge of the
behavior of oscillations
is essential to the
understanding why
some objects repeat
their motions with a
regular pattern.

Phenomenon

SOI
Applying and deriving
Kepler’s laws of
planetary motion to
circular or general orbits
provide opportunities to
relate connected prior
physics knowledge.

Phenomenon
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energy of the system is
the same?

heavier than
cannonballs?

How does the presence
of restoring forces
predict and lead to
harmonic motion?

How does the moon stay
in orbit despite its great
distance from the Earth?

Global
Context

Scientific collaboration is able
to be truly global without the
restrictions of national
borders or language due to
the agreed standards for data
representation.

Vector notation forms the
basis of mapping across the
globe.

International cooperation
is needed for tracking
shipping, land-based
transport, aircraft and
objects in space.

Automobile passive
safety standards have
been adopted across
the globe based on
research conducted in
many countries.

Torque is crucial to the
operation of
gyroscopes.
The International
Space Station has four
big gyroscopes, which
are used for
stabilization of
the station.

Oscillations are used to
define the time systems
on which nations agree
so that the world can be
kept in synchronization.
This impacts most areas
of our lives including
the provision of
electricity, travel and
location-determining
devices and all
microelectronics.

International
collaboration is needed
in establishing effective
rocket launch sites to
benefit space programs.

Key
Concepts

● Motion diagram
● Particle model
● Coordinate system
● Origin
● Position
● Distance
● Magnitude
● Vector
● Scalar
● Resultant
● Time interval
● Displacement
● Position-time graph
● Instantaneous position
● Average velocity
● Average speed
● Instantaneous velocity
● Velocity-time graph
● Acceleration
● Average acceleration
● Instantaneous acceleration
● Free fall

● Force
● Free-body diagram
● Net force
● Newton’s second law
● Newton’s first law
● Inertia
● Equilibrium
● Apparent weight
● Weightlessness
● Drag force
● Terminal velocity
● Interaction pair
● Newton’s third law
● Tension
● Normal force
● Component
● Vector resolution
● Kinetic friction
● Static friction
● Coefficient of kinetic

friction

● Work
● Energy
● Kinetic energy
● Work-energy theorem
● Joule
● Power
● Watt
● Gravitational potential

energy
● Reference level
● Hooke’s law
● Elastic potential

energy
● Law of conservation of

energy
● Mechanical energy
● Thermal energy

● Impulse
● Momentum
● Impulse-momentum

theorem
● Closed system
● Isolated system
● Law of conservation

of momentum
● Elastic collision
● Inelastic collision
● Center of mass

● Radian
● Angular

displacement
● Angular velocity
● Angular acceleration
● Lever arm
● Torque
● Moment of inertia
● Newton’s second

law for rotational
motion

● Rotational kinetic
energy

● Angular momentum
● Angular

impulse-angular
momentum theory

● Law of conservation
of angular
momentum

● Periodic motion
● Simple harmonic

motion
● Period
● Amplitude
● Pendulum
● Resonance
● Frequency
● Angular frequency

● Kepler’s first law
● Kepler’s second law
● Kepler’s third law
● Gravitational force
● Law of universal

gravitation
● Gravitational field
● Inertial mass
● Gravitational mass
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● Acceleration due to gravity
● Projectile
● Trajectory

● Coefficient of static
friction

● Equilibrant
● Uniform circular motion
● Centripetal acceleration
● Centripetal force

Related
Concepts
and Prior
Knowled

ge

● Motion
● Distance and Time

Intervals
● Graphs and Word

Problems

● Vectors and Acceleration
● Resistance
● Equilibrium
● Vector Quantities
● Velocity and Vector

Addition

● Forces and Motion
● Force and Distance

● Laws of Motion
● Conservation Laws

● Linear Motion
● Displacement
● Velocity
● Acceleration
● Force
● Newton’s second

law
● Energy
● Momentum
● Conservation Laws

● Position
● Velocity
● Acceleration
● Force
● Period
● Potential energy
● Kinetic energy
● Conservation laws
● Hooke’s Law
● Elastic potential

energy

● Conservation laws
● Motion of Satellites
● Center of mass

Design
Cycle

Transdisc
iplinary

Give students a ball launcher,
right-triangular block, and
meter stick. Have them
calculate the launch speed of
the ball using a horizontal
launch of the ball from the
launcher, then predict where
the ball will land if the ball is
launched on the triangular
block.

Ask students to find the
coefficient of friction (static
or kinetic) of a shoe or
other object. This activity
can be made into a
competition, where the
team with the simplest
procedure or the team that
uses the least equipment
wins.

Using spring-loaded
suction cup launchers,
have students measure
the spring constant of the
spring, not by removing
the spring from the
launcher, but by
measuring some aspect
of the suction cup's
motion after being
launched.

Give students a device
that fires a projectile
much faster than can
be measured directly
using distance and time
data. Students are to
fire the projectile into a
stationary, freely
movable object; make
necessary
measurements; and
use conservation of
momentum to
determine the launch
speed of the projectile.

Have students
complete the
necessary research to
determine the
rotational inertia of a
human body in
different configurations
(arms outstretched,
arms pulled in, for
example). Then, obtain
footage of a figure
skater spinning and
pulling in her his/arms.
Have students analyze
the footage to see if
angular momentum is
conserved.

Have students use a
pendulum to determine
the acceleration of
gravity in the classroom.
The winners are the
group whose procedure
includes the most
components for
reducing error (timing
multiple periods,
linearizing data, very
precisely finding the
center of mass of the
bob, for example).

Have students use the
My Solar System PhET
applet to establish a
circular orbit of a planet
whose mass is very small
compared to the central
star. Trying various
combinations of radius
and speed (always
making a circular orbit),
have students show
evidence of Kepler’s
Third Law.

MYP
Assessm

ent s/
Performa
nce Tasks

Common Assessments Title
and Criterion:

AP Exam Preparation

Common Assessments Title
and Criterion:

AP Exam Preparation

Common Assessments
Title and Criterion:

AP Exam Preparation

Common Assessments
Title and Criterion:

AP Exam Preparation

Common Assessments
Title and Criterion:

AP Exam Preparation

Common Assessments
Title and Criterion:

AP Exam Preparation

Common Assessments
Title and Criterion:

AP Exam Preparation
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Practice AP Exams Practice AP Exams Practice AP Exams Practice AP Exams Practice AP Exams Practice AP Exams Practice AP Exams
Different

iation
For

Tiered
Learners

● SWD/504 –
Accommodations Provided

● ELL – Reading &
Vocabulary Support

● Intervention Support
● Extensions – Enrichment

Tasks and Projects

● SWD/504 –
Accommodations
Provided

● ELL – Reading &
Vocabulary Support

● Intervention Support
● Extensions – Enrichment

Tasks and Projects

● SWD/504 –
Accommodations
Provided

● ELL – Reading &
Vocabulary Support

● Intervention Support
● Extensions –

Enrichment Tasks and
Projects

● SWD/504 –
Accommodations
Provided

● ELL – Reading &
Vocabulary Support

● Intervention
Support

● Extensions –
Enrichment Tasks
and Projects

● SWD/504 –
Accommodations
Provided

● ELL – Reading &
Vocabulary Support

● Intervention
Support

● Extensions –
Enrichment Tasks
and Projects

● SWD/504 –
Accommodations
Provided

● ELL – Reading &
Vocabulary Support

● Intervention Support
● Extensions –

Enrichment Tasks
and Projects

● SWD/504 –
Accommodations
Provided

● ELL – Reading &
Vocabulary Support

● Intervention Support
● Extensions –

Enrichment Tasks and
Projects

Resource
s

● Schoology Course Page
● Openstax textbook
● The AP Physics C

Companion Mechanics
● Pivot Interactives Direct

Measurement Video
● Quest Learning and

Assessment
● AP Classroom

● Schoology Course Page
● Openstax textbook
● The AP Physics C

Companion Mechanics
● Pivot Interactives Direct

Measurement Video
● Quest Learning and

Assessment
● AP Classroom

● Schoology Course
Page

● Openstax textbook
● The AP Physics C

Companion Mechanics
● Pivot Interactives

Direct Measurement
Video

● Quest Learning and
Assessment

● AP Classroom

● Schoology Course
Page

● Openstax textbook
● The AP Physics C

Companion
Mechanics

● Pivot Interactives
Direct Measurement
Video

● Quest Learning and
Assessment

● AP Classroom

● Schoology Course
Page

● Openstax textbook
● The AP Physics C

Companion
Mechanics

● Pivot Interactives
Direct Measurement
Video

● Quest Learning and
Assessment

● AP Classroom

● Schoology Course
Page

● Openstax textbook
● The AP Physics C

Companion
Mechanics

● Pivot Interactives
Direct Measurement
Video

● Quest Learning and
Assessment

● AP Classroom

● Schoology Course
Page

● Openstax textbook
● The AP Physics C

Companion
Mechanics

● Pivot Interactives
Direct Measurement
Video

● Quest Learning and
Assessment

● AP Classroom

Course
Levels

Marietta City Schools offers Enhanced, Honors, Accelerated, and AP classes to provide differentiated learning experiences for students.
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