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DESIRED RESULTS

What students will know and be able to do

COURSE DESCRIPTION AND PURPOSE

AP Physics C: Mechanics is a calculus-based introductory college-level physics course. Students cultivate their understanding of physics by
developing models of physical phenomena through inquiry-based investigations. Students build their understanding of physical models as
they explore and solve problems in each unit. Students build upon their AP Physics 1 knowledge to tackle more complex mechanics problems.

BIG IDEAS:

Crosscutting concepts that build conceptual understanding and spiral
throughout the course. These serve as the foundation to create
meaningful connections among concepts.

SCIENCE PRACTICES:

The science practices are cenfral fo the study and practice of biology.
Students should develop and apply develop and apply the described
practices on a regular basis over the span of the course.




BIG IDEA 1: SYSTEMS (SYS)
Objects and systems have properties such as mass and charge. Systems
may have internal structure.

BIG IDEA 2: FIELDS (FLD)
Fields existing in space can be used to explain interactions.

BIG IDEA 3: FORCE INTERACTIONS (INT)
The interactions of an object with other objects can be described by forces.

BIG IDEA 4: CHANGE (CHA)
Interactions between systems can result in changes in those systems.

BIG IDEA 5: CONSERVATION (CON)
Changes that occur as a result of interactions are constrained by
conservation laws.

W ETIEEE o [e gt The student can create representations that

depict physical phenomena/situations, excluding graphs.

ALY (o1 T o (oo [NETROEE: The student can conduct analyses to derive,

calculate, estimate or predict.

3 Scientific Questioning and Argumentation: JLERINe CalReeiRe Lol
experimental procedures, analyze data, and support claims.

TOPIC 11
Scalars and Vectors

11.A

Describe a scalar or vector quantity using
magnitude and direction, as appropriate.

11.A1

Scalars are quantities described by magnitude only;
vectors are quantities described by both magnitude and
direction.

11.A2
Vectors can be visually modeled as arrows with
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appropriate direction and lengths proportional to their
magnitude.

1.1.A.3 Distance and speed are examples of scalar
quantities, while position, displacement, velocity, and
acceleration are examples of vector quantities.

11.A4
Vectors can be expressed in unit vector notation or as a
magnitude and a direction.
I Unit vector notation can be used to represent
vectors as the sum of their constituent components
in the x-, y-, and z-directions, denoted by i, j, and k,
respectively.

II.  The position vector of a point is given by r, and the
unit vector in the direction of the position vector is
denotedr.

III.  Aresultant vector is the vector sum of the addend
vectors’ components.

11.A5
In a given one-dimensional coordinate system, opposite
directions are denoted by opposite signs.

TOPIC 1.2
Displacement, Velocity, and Acceleration

1.2.A

Describe a change in an object’s position.

1.2.A1

When using the object model, the size, shape, and internal
configuration are ignored. The object may be treated as a
single point with extensive properties such as mass and
charge.

12.A2
Displacement is the change in an object’s position.

1.2.B
Describe the average velocity and
acceleration of an object.

1.2.B.1

Averages of velocity and acceleration are calculated
considering the initial and final states of an object over an
interval of time.




1.2B.2
Average velocity is the displacement of an object divided
by the interval of time in which that displacement occurs.

1.2.B.3
Average acceleration is the change in velocity divided by
the interval of time in which that change in velocity occurs.

12.B.4
An object is accelerating if either the magnitude and/or
direction of the object’s velocity are changing.

1.2.B.5

Calculating average velocity or average acceleration over
a very small time interval yields a value that is very close to
the instantaneous velocity or instantaneous acceleration.

1.2C
Describe the instantaneous position, velocity,
and acceleration of an object as a function of
time.

1.2.C1

As the time interval used to calculate the average value of
a quantity approaches zero, the average value of that
quantity approaches the value of the quantity at that
instant, called the instantaneous value.

[.  Instantaneous velocity is the rate of change of the
object’s position, which is equal to the derivative of
position with respect to fime.

II.  Instantaneous acceleration is the rate of change of
the object’s velocity, which is equal to the
derivative of velocity with respect to time.

1.2.C2

Time-dependent functions and instantaneous values of
position, velocity, and acceleration can be determined
using differentiation and integration.

TOPIC 1.3

13.A
Describe the position, velocity, and

1.3.A1
Motion can be represented by motion diagrams, figures,




Representing Motion

acceleration of an object using
representations of that object’s motion.

graphs, equations, and narrative descriptions.

1.3.A2

For constant acceleration, three kinematic equations can
be used to describe instantaneous linear motion in one
dimension:

v=v, + axt

— 1 .2
X —x0+vx0t + 2axt
2 2
v =v + 2ax(x — xO)
Note: The equations above are written to indicate motion
in the x-direction, but these equations can be

1.3.A3

Near the surface of Earth, the vertical acceleration caused
by the force of gravity is downward, constant, and has a
measured value approximately equal to

a, =g~ 10 m/sz.

1.3.A4

Graphs of position, velocity, and acceleration as functions
of time can be used to find the relationships between those
quantities.

I.  Anobject’s instantaneous velocity is the rate of
change of the object’s position, which is equal to
the slope of a line tangent to a point on a graph of
the object’s position as a function of time.

II.  Anobject’s instantaneous acceleration is the rate
of change of the object’s velocity, which is equal to
the slope of a line tangent to a point on a graph of
the object’s velocity as a function of time.

III.  The displacement of an object during a time
interval is equal to the area under the curve of a
graph of the object’s velocity as a function of time
(i.e., the area bounded by the function and the




horizontal axis for the appropriate interval).

IV.  The change in velocity of an object during a time
interval is equal to the area under the curve of a
graph of the acceleration of the object as a
function of time.

TOPIC 1.4
Reference Frames and Relative Motion

1.4.A
Describe the reference frame of a given
observer.

1.4.A1

The choice of reference frame will determine the direction
and magnitude of quantities measured by an observer in
that reference frame.

14.B
Describe the motion of objects as measured by
observers in different inertial reference frames.

1.4.B1
Measurements from a given reference frame may be
converted to measurements from another reference frame.

1.4.B.2

The observed velocity of an object results from the
combination of the object’s velocity and the velocity of the
observer’s reference frame.

I.  Combining the motion of an object and the motion
of an observer in a given reference frame involves
the addition or subtraction of vectors.

II.  The acceleration of any object is the same as
measured from all inertial reference frames.

TOPIC 1.5
Motion in Two or Three Dimensions

1.5.A
Describe the motion of an object moving in two
or three dimensions.

1.5.A1

Motion in two or three dimensions can be analyzed using
one-dimensional kinematic relationships if the motion is
separated into components.

1.5.A2
Velocity and acceleration may be different in each
dimension and may be non-uniform.

15.A3
Motion in one dimension may be changed without causing
a change in a perpendicular dimension.
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1.5.A4

Projectile motion is a special case of two-dimensional
motion that has zero acceleration in one dimension and
constant, nonzero acceleration in the second dimension.

Checks for understanding and feedback on essential unit questions (Potential Quick write, Think-Pair-Share or Fishbowl):
o BIGIDEA 3: How can the motion of objects be predicted and/or explained?
Can equations be used to answer questions regardless of the questions’ specificity?
How can the idea of frames of reference allow two people to tell the truth yet have conflicting reports?
o BIG IDEA 4: How can we use models to help us understand motion?

Why is the general rule for stopping your car “‘when you double your speed, you must give yourself four times as much distance to stop?
Free-response questions aligned to AP Physics Science Practices: (Task verbs commonly used in free-response questions- Calculate,
Construct/Draw, Describe, Determine, Evaluate, Explain, Identify, Justify, Make a claim, Predict/Make a prediction, Represent, State, Support a
claim)

”

O leliTaTe Tl =ENgi (ol [elg | The student can create representations that depict physical phenomena/situations, excluding graphs.
ALY (o1t o iele [N TF TS The student can conduct analyses to derive, calculate, estimate or predict.
RIS (@ VTS Tl [ (o e T le MVEe [FT50TTg (61 e1gH The student can describe experimental procedures, analyze data, and support claims.
Rubric based on AP Physics Scoring Guidelines
AP Classroom: Progress Checks, Assessment Resource, Reassessment Opportunities
Laboratory work:

o Constant Motion & Relative Motion

o FreekFall

o Constant Acceleration & 2D Motion




TOPIC 2.1
Systems and Center of Mass

21.A
Describe the properties and interactions of a
system.

2.1.A1

System properties are determined by the
interactions between objects within the
system.

21.A2

If the properties or interactions of the
constituent objects within a system are not
important in modeling the behavior of the
macroscopic system, the system can itself be
treated as a single object.

21.A3

Systems may allow interactions between
constituent parts of the system and the
environment, which may result in the transfer of
energy or mass.

21.A4

Individual objects within a chosen system may
behave differently from each other as well as
from the system as a whole.

21.A5

The internal structure of a system affects the
analysis of that system.




21A6
As variables external fo a system are changed,
the system’s substructure may change.

2.1.B

Describe the location of a system’s center of
mass with respect to the system’s constituent
parts.

2.1.BA
For objects or systems with symmetrical mass distributions,
the center of mass is located on lines of symmetry.

21.B.2
The location of a system’s center of mass along a given
axis can be calculated using the equation

- Zmlx1
X =

cm Eml
2.1.B.3

For a nonuniform solid that can be considered as a

collection of differential masses, dm, the solid’s center of

mass can be calculated using the equation

5 frdm

7" =
cm

fdm

I.  Thelinear mass density of a rod or other linear
rigid body is the derivative of the rod’s mass with
respect to the position of the differential mass
element on the rigid body.

II.  Ifafunction of mass density is given for a solid, the
total mass can be determined by integrating the
mass density over length (one dimension), area
(two dimensions), or volume (three dimensions) of
the solid.

21B.4
A system can be modeled as a singular object that is
located at the system’s center of mass.

TOPIC 2.2

22.A

2.2.A1




Forces and Free-Body Diagrams

Describe a force as an interaction between
two objects or systems

Forces are vector quantities that describe the interactions
between objects or systems.

I.  i. Aforce exerted on an object or system is always
due to the interaction of that object or system with
another object or system.

II.  ii. An object or system cannot exert a net force on
itself.

22A2

Contact forces describe the interaction of an object or
system touching another object or system and are
macroscopic effects of interatomic electric forces.

2.2.B
Describe the forces exerted on an object or
system using a free-body diagram.

2.2.B.1

Free-body diagrams are useful tools for visualizing forces
being exerted on a single object or system and for
determining the equations that represent a physical
situation.

2.2B.2

The free-body diagram of an object or system shows each
of the forces exerted on the object or system by the
environment.

2.2.B.3

Forces exerted on an object or system are represented as
vectors originating from the representation of the center of
mass, such as a dot. A system is treated as though all of its
mass is located at the center of mass.

2.2B.4

A coordinate system with one axis parallel to the direction
of acceleration of the object or system simplifies the
translation from freebody diagram to algebraic
representation. For example, in a free-body diagram of an
object on an inclined plane, it is useful to set one axis

10




parallel to the surface of the incline.

TOPIC 2.3
Newton’s Third Law

2.3.A

Describe the interaction of two objects or
systems using Newton’s third law and a
representation of paired forces exerted on
each object or system.

2.3.A1

Newton'’s third law describes the interaction of two objects
or systems in terms of the paired forces that each exerts on
the other.

2.3.A2

Interactions between objects within a system (internal
forces) do not influence the motion of a system’s center of
mass.

2.3.A3
Tension is the macroscopic net result of forces that
infinitesimal segments of a string, cable, chain, or similar
system exert on each other in response to an external
force.
[.  Anideal string has negligible mass and does not
stretch when under tension.
II.  Thetension in anideal string is the same af all
points within the string.
[II.  Inastring with nonnegligible mass, tension may
not be the same at all points within the string.
IV.  Anideal pulley is a pulley that has negligible mass
and rotates about an axle through its center of
mass with negligible friction.

TOPIC 2.4
Newton’s First Law

24.A
Describe the conditions under which a
system’s velocity remains constant.

2.4.A1
The net force on a system is the vector sum of all forces
exerted on the system.

24.A2

Translational equilibrium is the configuration of forces
such that the net force exerted on a system is zero.
24.A3

Newton'’s first law states that if the net force exerted on a
system is zero, the velocity of that system will remain

11




constant.

24.A4

Forces may be balanced in one dimension but unbalanced
in another. The system’s velocity will change only in the
direction of the unbalanced force.

24.A5
An inertial reference frame is one from which an observer
would verify Newton'’s first law of motion.

TOPIC 2.5 25A 2.5A1
Newton’s Second Law Describe the conditions under which a Unbalanced forces are a configuration of forces such that
system’s velocity changes. the net force exerted on a system is not equal to zero.
25.A2

Newton’s second law of motion states that the acceleration
of a system’s center of mass has a magnitude proportional
to the magnitude of the net force exerted on the system
and is in the same direction as that net force.

25.A3
The velocity of a system’s center of mass will only change if
a nonzero net external force is exerted on that system.

TOPIC 2.6 2.6.A 2.6.A1
Graviational Force Describe the gravitational interaction between | Newton'’s law of universal gravitation describes the
two objects or systems with mass. gravitational force between two objects or systems as

directly proportional to each of their masses and inversely
proportional to the square of the distance between the
systems’ centers of mass.

I.  The gravitational force is attractive.

II.  The gravitational force is always exerted along the
line connecting the center of mass of the two
inferacting systems.

III.  The gravitational force on a system can be
considered to be exerted on the system’s center of

12



mass.

2.6.A2
A field models the effects of a noncontact force exerted on
an object at various positions in space.

I.  The magnitude of the gravitational field created by
a system of mass M at a point in space is equal to
the ratio of the gravitational force exerted by the
system on a test object of mass m to the mass of
the test object.

II.  Ifthe gravitational force is the only force exerted on
an object, the observed acceleration of the object
(in m/s? is numerically equal to the magnitude of
the gravitational field strength (in N/kg) at that
location.

2.6.A3
The gravitational force exerted by an astronomical body on
a relatively small nearby object is called weight.

2.6.B

Describe situations in which
the gravitational force can be
considered constant.

2.6.B1

If the gravitational force between two systems’ centers of
mass has a negligible change as the relative position of
the two systems changes, the gravitational force can be
considered constant at all points between the initial and
final positions of the systems.

2.6.B.2
Near the surface of Earth, the strength of the gravitational
fieldisg =~ 10 N/kg.

2.6.C

Describe the conditions under which the
magnitude of a system’s apparent weight is
different from the magnitude of the
gravitational force exerted on that system.

2.6.C.1
The magnitude of the apparent weight of a system is the
magnitude of the normal force exerted on the system.

26.C2

13




If the system is accelerating, the apparent weight of the
system is not equal fo the magnitude of the gravitational
force exerted on the system.

2.6.C.3

A system appears weightless when there are no forces
exerted on the system or when the force of gravity is the
only force exerted on the system.

26.C4

The equivalence principle states that an observer in a
noninertial reference frame is unable to distinguish
between an object’s apparent weight and the gravitational
force exerted on the object by a gravitational field.

2.6.D 2.6.D1

Describe inertial and gravitational mass. Objects have inertial mass, or inertia, a property that
determines how much an object’s motion resists changes
when interacting with another object.

2.6.D.2
Gravitational mass is related to the force of attraction
between two systems with mass.

2.6.D.3
Inertial mass and gravitational mass have been
experimentally verified to be equivalent.

2.6.E 2.6.E1

Describe the gravitational force exerted on an | The net gravitational force exerted on an object by a
object by a uniform spherical distribution of uniform spherical distribution of mass is the sum of the
mass. individual forces from small differential masses that

comprise the distribution.

2.6.E2
Newton’s shell theorem describes the net gravitational
force exerted on an object by a uniform spherical shell of

14



mass.
I.  The net gravitational force exerted on an object
inside a thin spherical shell is zero.

II.  The net gravitational force exerted on an object
outside a thin spherical shell can be determined by
treating the shell as a single massive object
located at the center of the shell.

III.  Anobject inside a sphere of uniform density
experiences a net gravitational force from only a
partial mass of the sphere.

IV.  The partial mass of a sphere that contributes to the
net gravitational force exerted on an object within
that sphere is the portion of the sphere’s mass
located a distance less than or equal to the object’s
distance from the center of the sphere and can be
calculated using the density of the sphere.

2.6.E.3

The gravitational force exerted on an object within a
uniform sphere can be shown to be proportional to the
object’s distance from the sphere’s center.

TOPIC 2.7
Kinetic and Static Friction

2.7A
Describe kinetic friction between two surfaces.

2.7A1
Kinetic friction occurs when two surfaces in contact move
relative to each other.
i. The kinetic friction force is exerted in a direction
opposite the motion of each surface relative to the other
surface.
ii. The force of friction between two surfaces does not
depend on the size of the surface area of contact.
2.7A2
The magnitude of the kinetic friction force exerted on an
object is the product of the normal force the surface exerts
on the object and the coefficient of kinetic friction.

[.  The coefficient of kinetic friction depends on the

material properties of the surfaces that are in

15




contact.

II.  Normal force is the perpendicular component of
the force exerted on an object by the surface with
which it is in contact; it is directed away from the
surface.

2.7B
Describe static friction between two surfaces.

2.7.B1
Static friction may occur between the contacting surfaces
of two objects that are not moving relative to each other.

2.7B.2
Static friction adopts the value and direction required to
prevent an object from slipping or sliding on a surface.
I.  Slipping and sliding refer to situations in which
two surfaces are moving relative to each other.
II.  There exists a maximum value for which static
friction will prevent an object from slipping on a
given surface.

2.7B.3
The coefficient of static friction is typically greater than the
coefficient of kinetic friction for a given pair of surfaces.

TOPIC 2.8
Spring Forces

2.8.A
Describe the force exerted on an object by an
ideal spring.

2.8.A1

An ideal spring has negligible mass and exerts a force that
is proportional to the change in its length as measured
from its relaxed length. A nonideal spring either has
nonnegligible mass or exerts a force that is not
proportional to the change in its length as measured from
its relaxed length.

2.8.A2
The magnitude of the force exerted by an ideal spring on
an object is given by Hooke's law:

E =— kAx
S

16



2.8.A3

The force exerted on an object by a spring is always
directed towards the equilibrium position of the
object-spring system.

2.8B

Describe the equivalent spring constant of a
combination of springs exerting forces on an
object.

2.8.B1

A collection of springs that exert forces on an object may
behave as though they were a single spring with an
equivalent spring constant keq.

I.  The inverse of the equivalent spring constant of a
set of springs in series is equal to the sum of the
inverses of the individual spring constants.

II.  The equivalent spring constant of a set of springs
arranged in series is smaller than the smallest
constituent spring constant.

III.  The equivalent spring constant of a set of springs
arranged in parallel is the sum of the individual
spring constants.

TOPIC 29
Resistive Forces

29.A
Describe the motion of an object.

29.A1
A resistive force is defined as a velocity-dependent force in
the opposite direction of an object’s velocity, for example:

F = kv
r

29.A2

Applying Newton'’s second law to an object upon which a
resistive force is exerted results in a differential equation
for velocity.

[.  Using the method of separation of variables, the
velocity can be determined by integrating over the
proper limits of integration.

II.  The acceleration or position of a moving object
that is subject to a velocity-dependent force may
be determined using initial conditions of the object
and methods of calculus, once a function for
velocity is determined.

17



III.  The position, velocity, and acceleration as
functions of time of an object under the influence of

a resistive force of the form FT =— kvare

exponential and have asymptotes that are
determined by the initial conditions of the object
and the forces exerted on the object.

29.A3

Terminal velocity is defined as the maximum speed
achieved by an object moving under the influence of a
constant force and a resistive force that are exerted on the
object in opposite directions. The terminal condition is
reached when the net force exerted on the object is zero.

TOPIC 2.10
Circular Motion

2.10.A
Describe the motion of an object traveling in a
circular path.

2.10.A1

Centripetal acceleration is the component of an object’s
acceleration directed toward the center of the object’s
circular path.

I.  The magnitude of centripetal acceleration for an
object moving in a circular path is the ratio of the
object’s tangential speed squared to the radius of
the circular path.

II.  Centripetal acceleration is directed toward the
center of an object’s circular path.

210.A2

Centripetal acceleration can result from a single force,
more than one force, or components of forces that are
exerted on an object in circular motion.

I.  Atthetop of a vertical, circular loop, an object
requires a minimum speed to maintain circular
motion. At this point, and with this minimum
velocity, the gravitational force is the only force that
causes the centripetal acceleration.

II. ~ Components of the static friction force and the
normal force can contribute to the net force

18




producing centripetal acceleration of an object
traveling in a circle on a banked surface.

III. A component of tension contributes to the net force
producing centripetal acceleration experienced by
a conical Pendulum.

210.A.3

Tangential acceleration is the rate at which an object’s
speed changes and is directed tangent to the object’s
circular path.

210.A4

The net acceleration of an object moving in a circle is the
vector sum of the centripetal acceleration and tangential
acceleration.

210.A5
The revolution of an object traveling in a circular path at a
constant speed (uniform circular motion) can be described
using period and frequency.
I.  Thetime to complete one full circular path is
defined as period, T.
II.  The rate af which an object is completing
revolutions is defined as frequency, f.
I[II.  For an object traveling at a constant speed in a

circular path, the period is given by the derived
210r

equationT ==~

2.10.B
Describe circular orbits using Kepler’s third
law.

2.10.B.1 For a satellite in circular orbit around a central
body, the satellite’s centripetal acceleration is caused only
by gravitational attraction. The period and radius of the
circular orbit are related to the mass of the central body.

19



> Checks for understanding and feedback on essential unit questions (Potential Quick write, Think-Pair-Share or Fishbowl):
o BIGIDEA1: How can the properties of internal and gravitational mass be experimentally verified to be the same?
How do you decide what to believe about scientific claims?
How does something we cannot see determine how an object behaves?
o BIGIDEA 2: How do objects with mass respond when placed in a gravitational field?
Why is the acceleration due to gravity constant on Earth’s surface?
o BIG IDEA 3: Are different kinds of forces really different?
How can Newton’s laws of motion be used to predict the behavior of objects?
o BIG IDEA 4: Why does the same push change the motion of a shopping cart more than the motion of a car?
> Free-response questions aligned to AP Physics Science Practices: (Task verbs commonly used in free-response questions- Calculate,
Construct/Draw, Describe, Determine, Evaluate, Explain, Identify, Justify, Make a claim, Predict/Make a prediction, Represent, State, Support a
claim)

WL NETICEEE o [e ) The student can create representations that depict physical phenomena/situations, excluding graphs.
ALY (o1 o i(ole R TF T EE: The student can conduct analyses to derive, calculate, estimate or predict.
RIS (@ VT Tl [ o N T lo MVEe [F150 1Ty 1061614 W The student can describe experimental procedures, analyze data, and support claims.
> Rubric based on AP Physics Scoring Guidelines
> AP Classroom: Progress Checks, Assessment Resource, Reassessment Opportunities
> Laboratory work:

o Constant Friction & Air Friction

o Acceleration - Newton’s 2nd Law

o Newton’s 3rd Law & Atwood Machines

20



TOPIC 3.1
Translational Kinetic Energy

31A

Describe the translational kinetic energy of an
object in terms of the object’'s mass and
velocity.

31.A1

An object’s translational kinetic energy is given
. 2
by the equation K = %mv .

31A2
Translational kinetic energy is a scalar quantity.

31A3

Different observers may measure different values of the
translational kinetic energy of an object, depending on the
observer’s frame of reference.

TOPIC 3.2
Work

3.2A
Describe the work done on an object or system
by a given force or collection of forces.

3.2.A1
Work is the amount of energy transferred into or out of a
system by a force exerted on that system over a distance.

I.  The work done by a conservative force exerted on a
system is path-independent and only depends on
the initial and final configurations of that system.

II.  The work done by a conservative force on a
system—or the change in the potential energy of
the system—will be zero if the system returns to its
initial configuration.

21



I[II.  Potential energies are associated only with
conservative forces.
IV.  The work done by a nonconservative force is
path-dependent.
V. The most common nonconservative forces are
friction and air resistance.

32A2
Work is a scalar quantity that may be positive, negative, or
zero.

3.2A3

The work done on an object by a variable force is
b -

calculated using W = [ F(r) - dr, where the integral is
a

taken over the path from point a to point b.

I.  The dot product between two vectors, X and §
results in a scalar quantity of magnitude
X . 5 = ABcos0

I.  Only the component of the force exerted on a
system that is parallel to the displacement of the
point of application of the force will change the
system’s total energy.

III.  If the component of the force exerted on a system
that is parallel to the displacement is constant, the
work done on the system by the force is given by
the derived equation W = F“d = Fdcos0

IV.  The component of the force exerted on a system
perpendicular to the direction of the displacement
of the system'’s center of mass can change the
direction of the system’s motion without changing
the system’s kinetic energy.

32A4
The work-energy theorem states that the change in an

22



object’s kinetic energy is equal to the sum of the work (net
work) being done by all forces exerted on the object.
I.  Anexternal force may change the configuration of

a system. The component of the external force
parallel to the displacement times the
displacement of the point of application of the
force gives the change in kinetic energy of the
system.

II.  Ifthe system’s center of mass and the point of
application of the force move the same distance
when a force is exerted on a system, then the
system may be modeled as an object, and only the
system’s kinetic energy can change.

III.  The energy dissipated by friction is typically
equated to the force of friction times the length of
the path over which the force is exerted.

AE =F fdcosO

mech

32A5
Work is equal to the area under the curve of a graph of F||

as a function of displacement.

TOPIC 3.3
Potential Energy

33A
Descibe the potential energy of a system.

3.3.A1

A system composed of two or more objects has potential
energy if the objects within that system only interact with
each other through conservative forces.

33.A2
Potential energy is a scalar quantity associated with the
position of objects within a system.

3.3A3
The definition of zero potential energy for a given system i

a decision made by the observer considering the situation

to simplify or otherwise assist in analysis.

S
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3.3A4
The relationship between conservative forces exerted on

b -
AU =— {Fcf(r) - dr.

3.3A5

The conservative forces exerted on a system in a single
dimension can be determined using the slope of the
system’s potential energy with respect to position in that
dimension; these forces point in the direction of
decreasing potential energy.

3.3.A6

Graphs of a system’s potential energy as a function of its
position can be useful in determining physical properties
of that system.

[.  Stable equilibrium is a location at which a small
displacement in an object’s position results in a
force exerted on the object opposite to the
direction of the small displacement, accelerating
the object back toward the equilibrium position.

II.  Unstable equilibrium is a location at which a small
displacement in an object’s position results in a
force exerted on the object in the same direction as
the small displacement, accelerating the object
away from the equilibrium position.

I[II.  Inagiven dimension, stable equilibrium positions
exist af locations where the potential energy as a
function of position in that dimension has a local
minimum.

IV.  Inagiven dimension, unstable equilibrium
positions occur at locations where the potential
energy as a function of position in that dimension
has a local maximum.

33A7
The potential energy of common physical systems can be
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described using the physical properties of that system.

I.  The elastic potential energy of an ideal spring is
given by the following equation, where Ax is the
distance the spring has been stretched or
compressed from its equilibrium length.

II.  The general form for the gravitational potential
energy of a system consisting of two approximately
spherical distributions of mass (e.g., moons,
planets, or stars) is given by the equation

U =— G mm,
g .

"

III.  Because the gravitational field near the surface of
a planet is nearly constant, the change in
gravitational potential energy in a system
consisting of an object with mass m and a planet
with gravitational field of magnitude g when the
object is near the surface of the planet may be
approximated by the equo’rionAUg = mgAy.

3.3A8

The total potential energy of a system containing more
than two objects is the sum of the potential energy of each
pair of objects within the system.

TOPIC 3.4
Conservation of Energy

3.4.A
Describe the energies present in a system.

3.4.A1
A system composed of only a single object can only have
kinetic energy.

34.A2

A system that contains objects that interact via
conservative forces or that can change its shape reversibly
may have both kinetic and potential energies

348
Describe the behavior of a system using
conservation of mechanical energy principles.

3.4.B1
Mechanical energy is the sum of a system’s kinetic and
potential energies.
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3.4B.2

Any change to a type of energy within a system must be
balanced by an equivalent change of other types of
energies within the system or by a transfer of energy
between the system and its surroundings.

3.4B.3
A system may be selected so that the total energy of that
system is constant.

3.4.B4

If the total energy of a system changes, that change will be
equivalent to the energy transferred into or out of the
system.

34C

Describe how the selection of
a system determines whether
the energy of that system
changes.

3.4.CA1
Energy is conserved in all interactions.

34C.2

If the work done on a selected system is zero and there are
no nonconservative interactions within the system, the
total mechanical energy of the system is constant.

34.C3
If the work done on a selected system is nonzero, energy is
transferred between the system and the environment.

TOPIC 3.5
Power

35A
Describe the transfer of energy into, out of, or
within a system in terms of power.

3.5.A1

Power is the rate at which energy changes with respect to
time, either by transfer into or out of a system or by
conversion from one type to another within a system.

35A2

Average power is the amount of energy being transferred
or converted, divided by the time it took for that transfer or
conversion to occur.
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35A3

Because work is the change in energy of an object or

system due to a force, average power is the total work
done, divided by the time during which that work was

done.

3.5A4

The instantaneous power delivered to an object by a force
L . dw

is given by the equation Pinst ==

35A5

The instantaneous power delivered to an object by the
component of a constant force parallel to the object’s
velocity can be described with the derived equation

. =F v = FvcosO.
inst Il

> Checks for understanding and feedback on essential unit questions (Potential Quick write, Think-Pair-Share or Fishbowl):
o BIG IDEA 3: How does pushing something give it energy?
o BIGIDEA 4: How is energy exchanged and transformed within or between systems?
How does the choice of system influence how energy is stored or how work is done?
How does energy conservation allow the riders in the back car of a rollercoaster to have a thrilling ride?
BIG IDEA 5: How can the idea of potential energy be used to describe the work done to move celestial bodies?
How is energy transferred between objects or systems?
How does the law of conservation of energy govern the interactions between objects and systems?
> Free-response questions aligned to AP Physics Science Practices: (Task verbs commonly used in free-response questions- Calculate,
Construct/Draw, Describe, Determine, Evaluate, Explain, Identify, Justify, Make a claim, Predict/Make a prediction, Represent, State, Support a

claim)
o NGl ET =L (e 1[[e]gH The student can create representations that depict physical phenomena/situations, excluding graphs.
o AN ETe Tl | 16T T The student can conduct analyses to derive, calculate, estimate or predict.
o BRIl @IVEL o] o g le Ko 1o MANge [V (101 01116108 The student can describe experimental procedures, analyze data, and support claims.

> Rubric based on AP Physics Scoring Guidelines
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> AP Classroom: Progress Checks, Assessment Resource, Reassessment Opportunities
> Laboratory work:

o Work / Energy Theorem

o Ramp & Cart at an Angle

o Roller Coaster Energy Transformations

28



TOPIC 41
Linear Momentum

41.A
Describe the linear momentum of an object or
system.

4.1.A1

Linear momentum is defined by the equation p = mv

41A2
Momentum is a vector quantity and has the same direction
as the velocity.

41A3
Momentum can be used to analyze collisions and
explosions.

I.  Acollision is a model for an interaction where the
forces exerted between the involved objects in the
system are much larger than the net external force
exerted on those objects during the interaction.

II.  Asonlythe initial and final states of a collision are
analyzed, the object model may be used to analyze
collisions.

III. ~ Anexplosion is a model for an interaction in which
forces internal to the system move objects within
that system apart.

TOPIC 4.2

42.A

4.2.A1
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Change in Momentum and Impulse

Describe the impulse delivered to an object or
system.

The rate of change of a system’s momentum is equal to the
net external force exerted on that system.

42.A2
Impulse is defined as the integral of a force exerted on an
object or system over a time interval.

42.A3
Impulse is a vector quantity and has the same direction as
the net force exerted on the system.

42.A4

The impulse delivered to a system by a net external force is
equal to the area under the curve of a graph of the net
external force exerted on the system as a function of time.

42A5

The net external force exerted on a system is equal to the
slope of a graph of the momentum of the system as a
function of time.

4.2.B

Describe the relationship between the impulse
exerted on an object or system and the change
in momentum of the object or system.

4.2.B.1

Change in momentum is the difference
between a system’s final momentum and its
initial momentum.

42.B.2

The impulse-momentum theorem relates the impulse

delivered to an object and the object’s change in

momentum.

[.  The impulse exerted on an object is equal to the
object’s change in momentum.
II.  Newton's second law of motion is a direct result of

the impulse-momentum theorem applied to
systems with constant mass.

= dp dv
Fnet = dt =m dt

N

= ma
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[II.  The impulse-momentum theorem also describes
the behavior of a system in which the velocity is
constant but the mass changes with respect to
time.

1_-7 _ _di dm

net_ dt = dtv

TOPIC 4.3
Conservation of Linear Momentum

4.3.A
Describe the behavior of a system using
conservation of linear momentum.

4.3.A1
A collection of objects with individual momenta can be
described as one system with one center-of-mass velocity.

I.  For acollection of objects, the velocity of a system’s
center of mass can be calculated using the
R 5P X(my)
equation v = Z_ml = Z_ml

II.  The velocity of a system'’s center of mass is
constant in the absence of a net external force.

43.A2
The total momentum of a system is the sum of the momenta
of the system'’s constituent parts.

4.3A3

In the absence of net external forces, any change to the
momentum of an object within a system must be balanced
by an equivalent and opposite change of momentum
elsewhere within the system. Any change to the momentum
of a system is due to a transfer of momentum between the
system and its surroundings.

[.  The impulse exerted by one object on a second
object is equal and opposite to the impulse exerted
by the second object on the first. This is a direct
result of Newton'’s third law.

II.  Asystem may be selected so that the total
momentum of that system is constant.
III.  If the total momentum of a system changes, that
change will be equivalent to the impulse exerted on
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the system.

43A4

Correct application of conservation of momentum can be
used to determine the velocity of a system immediately
before and immediately after collisions or explosions.

4.3B

Describe how the selection of a system
determines whether the momentum of that
system changes.

4.3.B1
Momentum is conserved in all interactions.

4.3B2
If the net external force on the selected system is zero, the
total momentum of the system is constant.

4.3B.3

If the net external force on the selected system is nonzero,
momentum is transferred between the system and the
environment.

TOPIC 4.4
Elastic and Inelastic Collissions

4.4.A
Describe whether an interaction between
objects is elastic or inelastic.

4.4A1

An elastic collision between objects is one in which the
initial kinetic energy of the system is equal to the final
kinetic energy of the system.

44A2

In an elastic collision, the final kinetic energies of each of
the objects within the system may be different from their
initial kinetic energies.

44A3
An inelastic collision between objects is one in which the
total kinetic energy of the system decreases.

44A4

In an inelastic collision, some of the initial kinetic energy is
not restored to kinetic energy but is transformed by
nonconservative forces into other forms of energy.
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44A5
In a perfectly inelastic collision, the objects stick together
and move with the same velocity after the collision.

Yvy

Checks for understanding and feedback on essential unit questions (Potential Quick write, Think-Pair-Share or Fishbowl):
o BIGIDEA 3: How does pushing an object change its momentum?
o BIGIDEA 4: How do interactions with other objects or systems change the linear momentum of a system?
How is the physics definition of momentum different from how momentum is used to describe things in everyday life?
o BIGIDEA 5: How does the law of the conservation of momentum govern interactions between objects or systems?
How can momentum be used to determine fault in car crashes?
Free-response questions aligned to AP Physics Science Practices: (Task verbs commonly used in free-response questions- Calculate,
Construct/Draw, Describe, Determine, Evaluate, Explain, Identify, Justify, Make a claim, Predict/Make a prediction, Represent, State, Support a
claim)

O le 1aTe Tl =ENgi (o [e1gEH The student can create representations that depict physical phenomena/situations, excluding graphs.
ALY (o1t o iele [N TF T EE: The student can conduct analyses to derive, calculate, estimate or predict.
R RSTSET  [H @ T0TEES e T{pTo Mo (g Te N Ge (8103519 1011 To s W The student can describe experimental procedures, analyze data, and support claims.
Rubric based on AP Physics Scoring Guidelines
AP Classroom: Progress Checks, Assessment Resource, Reassessment Opportunities
Laboratory work:

o Linear Collisions

o Egg Drop Impulse Momentum Theorem
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TOPIC 5.1
Rotational Kinematics

51.A

Describe the rotation of a system with respect
tfo fime using angular displacement, angular
velocity, and angular acceleration.

5.1.A1

Angular displacement is the measurement of
the angle, in radians, through which a point on a
rigid system rotates about a specified axis.

I.  Arigid system is one that holds its shape but in
which different points on the system move in
different directions during rotation. A rigid system
cannot be modeled as an object.

II.  One direction of angular displacement about an
axis of rotation — clockwise or counterclockwise —
is typically indicated as mathematically positive,
with the other direction becoming mathematically
negative.

III.  If the rotation of a system about an axis may be
well described using the motion of the system’s
center of mass, the system may be treated as a
single object. For example, the rotation of Earth
about its axis may be considered negligible when
considering the revolution of Earth about the center
of mass of the Earth-Sun system.

51A2
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Angular velocity is the rate at which angular position
changes with respect to time.

51A3
Angular acceleration is the rate at which angular velocity
changes with respect to time.

51A4
Angular displacement, angular velocity, and angular
acceleration around one axis are analogous to linear
displacement, velocity, and acceleration in one dimension
and demonstrate the same mathematical relationships.
[.  For constant angular acceleration, the
mathematical relationships between angular
displacement, angular velocity, and angular
acceleration can be described with the following
equations:
w=w + ot

0= (E)0 + w,t + %atz

W = oo(z) + 20(0 — G)O)

II.  Graphs of angular displacement, angular
velocity, and angular acceleration as
functions of time can be used to find the
relationships between those quantities.

TOPIC 5.2
Connecting Linear and Rotational Motion

5.2.A

Describe the linear motion of a point on a
rotating rigid system that corresponds to the
rotational motion of that point, and vice versa.

5.2.A1

For a point at a distance r from a fixed axis of rotation, the
linear distance s traveled by the point as the system
rotates through an angle A® is given by the equation

As = rAO.

52.A2

Derived relationships of linear velocity and of the
tangential component of acceleration to their respective
angular quantities are given by the following equations:

s =10
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52A3
For a rigid system, all points within that system have the
same angular velocity and angular acceleration.

TOPIC 5.3
Torque

53.A
Identify the torques exerted on a rigid system.

5.3.A1

Torque results only from the force component
perpendicular to the position vector from the axis of
rotation to the point of application of the force.

5.3.A2
The lever arm is the perpendicular distance from the axis
of rotation to the line of action of the exerted force.

5.3.B
Describe the torques exerted on a rigid system.

5.3.B.1
Torques can be described using force diagrams.

I.  Force diagrams are similar to free-body diagrams
and are used to analyze the torques exerted on a
rigid system.

II.  Similar to free-body diagrams, force diagrams
represent the relative magnitude and direction of
the forces exerted on a rigid system. Force
diagrams also depict the location at which those
forces are exerted relative to the axis of rotation.

5.3.B.2
The torque exerted on a rigid system about a chosen pivot

point by a given force is described by t = r X F.
[.  The cross-product between two vectors, A and B,
results in a vector quantity of magnitude
A X B = ABsin®.
II.  The direction of the vector resulting from the

cross-product of A and B is perpendicular to both
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vectors A and B and therefore is normal to the

plane defined by vectors A and B..
III.  The direction of the vector resulting from the

cross-product of vectors A and B can be
qualitatively determined by applying the
appropriate right-hand rule.

TOPIC 5.4
Rotational Inertia

54.A
Describe the rotational inertia of a rigid system
relative to a given axis of rotation.

5.4.A1

Rotational inertia measures a rigid system’s resistance to
changes in rotation and is related to the mass of the
system and the distribution of that mass relative to the axis
of rotation.

5.4.A2
The rotational inertia of an object rotating a perpendicular
distance r from an axis is described by the equation

2
I =mr.

5.4.A3

The total rotational inertia of a collection of objects about
an axis is the sum of the rotational inertias of each object
about that axis.

I =3I =3Smr
tot 1 L1

54A4
For a solid that can be considered as a collection of
differential masses, dm, the solid’s rotational inertia can

be calculated using the equation I = [ r>dm, where r is

the perpendicular distance from dm to the axis of rotation.

5.4.B

Describe the rotational inertia of a rigid system
rotating about an axis that does not

pass through the system’s center of mass.

5.4.B1

A rigid system’s rotational inertia in a given plane is at a
minimum when the rotational axis passes through the
system’s center of mass.
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5.4B.2

The parallel axis theorem uses the following equation to
relate the rotational inertia of a rigid system about any
axis that is parallel to an axis through its center of mass:

I'=1 + Md°
cm

TOPIC 5.5
Rotational Equilibrium and Newton's First
Law in Rotational Form

5.5.A
Describe the conditions under which a
system’s angular velocity remains constant.

5.5.A1

A system may exhibit rotational equilibrium (constant
angular velocity) without being in translational equilibrium,
and vice versa.

[.  Free-body and force diagrams describe the nature
of the forces and torques exerted on an object or
rigid system.

II.  Rotational equilibrium is a configuration of torques
such that the net torque exerted on the system is
zero.

III.  The rotational analog of Newton’s first law is that a
system will have a constant angular velocity only if
the net torque exerted on the system is zero.

55.A2

A rotational corollary to Newton'’s second law states that if
the torques exerted on a rigid system are not balanced, the
system’s angular velocity must be changing.

TOPIC 5.6
Newton’s Second Law in Rotational Form

5.6.A
Describe the conditions under which a
system’s angular velocity changes.

5.6.A1
Angular velocity changes when the net torque exerted on
the object or system is not equal to zero.

5.6.A.2

The rate at which the angular velocity of a rigid system
changes is directly proportional to the net torque exerted
on the rigid system and is in the same direction. The
angular acceleration of the rigid system is inversely
proportional to the rotational inertia of the rigid system.
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5.6.A.3

To fully describe a rotating rigid system, linear and
rotational analyses may need to be performed
independently.

> Checks for understanding and feedback on essential unit questions (Potential Quick write, Think-Pair-Share or Fishbowl):
o BIG IDEA 3: How does a system at rotational equilibrium compare to a system in translational equilibrium?
How does the choice of system and rotation point affect the forces that can cause a torque on an object or a system?
How can balanced forces cause rotation?
Why does it matter where the door handle is placed?
Why are long wrenches more effective?
e BIG IDEA 4: How can an external net torque change the angular momentum of a system?
Why is a rotating bicycle wheel more stable than a stationary one?

> Free-response questions aligned to AP Physics Science Practices: (Task verbs commonly used in free-response questions- Calculate,
Construct/Draw, Describe, Determine, Evaluate, Explain, Identify, Justify, Make a claim, Predict/Make a prediction, Represent, State, Support a
claim)

Ol TaTe Tl =ENgt (ol [elgEl The student can create representations that depict physical phenomena/situations, excluding graphs.
ALY (sl (e i(ele N3 ETFTR EE: The student can conduct analyses to derive, calculate, estimate or predict.
RS 1 (@ T0TEES e 1 o Mo T T NGO 8103515 1011 To[i W The student can describe experimental procedures, analyze data, and support claims.
> Rubric based on AP Physics Scoring Guidelines
> AP Classroom: Progress Checks, Assessment Resource, Reassessment Opportunities
> Laboratory work:

o Bridge and Truss Calculations

o Torque on an unwinding object & parallel axis theorem
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TOPIC 6.1
Rotational Kinetic Energy

6.1.A

Describe the rotational kinetic energy of a rigid
system in terms of the rotational inertia and
angular velocity of that rigid system.

6.1.A1
The rotational kinetic energy of an object or rigid system is

related to the rotational inertia and angular velocity of the

rigid system and is given by the equation K = %Iooz.

I.  The rotational inertia of an object about a fixed
axis can be used to show that the rotational kinetic
energy of that object is equivalent fo its
translational kinetic energy, which is its total
kinetic energy.

II.  The total kinetic energy of a rigid system is the sum
of its rotational kinetic energy due to its rotation
about its center of mass and the translational
kinetic energy due to the linear motion of its center
of mass.

6.1.A.2

A rigid system can have rotational kinetic energy while its
center of mass is at rest due to the individual points within
the rigid system having linear speed and, therefore, kinetic
energy.

6.1.A3
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Rotational kinetic energy is a scalar quantity.

TOPIC 6.2
Torque and Work

6.2.A
Describe the work done on a rigid system by a
given torque or collection of torques.

6.2.A1

A torque can transfer energy into or out of an
object or rigid system if the torque is exerted
over an angular displacement.

6.2.A.2

The amount of work done on a rigid system
by a torque is related to the magnitude of that
torque and the angular displacement through
which the rigid system rotates during the
interval in which that torque is exerted.

6.2.A.3

Work done on a rigid system by a given torque
can be found from the area under the curve of
a graph of the torque as a function of angular
position.

TOPIC 6.3
Angular Momentum and Angular Impulse

6.3.A
Describe the angular momentum of an object
or rigid system.

6.3.A1

The magnitude of the angular momentum of a rigid system
about a specific axis can be described with the equation
L = lw.

6.3.A.2
The angular momentum of an object about a given point is

- - -

L=rXp
I.  The selection of the axis about which an object is
considered to rotate influences the determination
of the angular momentum of that object.

II. ~ The measured angular momentum of an object
traveling in a straight line depends on the distance
between the reference point and the object, the
mass of the object, the speed of the object, and the
angle between the radial distance and the velocity
of the object.
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6.3.B
Describe the angular impulse delivered to an
object or rigid system by a torque.

6.3.B1

Angular impulse is defined as the product of the torque
exerted on an object or rigid system and the time interval
during which the torque is exerted.

6.3.B.2
Angular impulse has the same direction as the torque
imparting if.

6.3.B.3

The angular impulse delivered to an object or rigid system
by a torque can be found from the area under the curve of
a graph of the torque as a function of time.

6.3.C

Relate the change in angular momentum of an
object or rigid system to the angular impulse
given to that object or rigid system.

6.3.C.1

The magnitude of the change in angular momentum can
be described by comparing the magnitudes of the final
and initial momenta of the object or rigid system.

AL =L — Lo

6.3.C2

A rotational form of the impulse-momentum theorem
relates the angular impulse delivered to an object or rigid
system and the change in angular momentum of that
object or rigid system.

i. The angular impulse exerted on an object or rigid system
is equal to the change in angular momentum of that object
or rigid system.

ii. The rotational form of the impulse- momentum theorem
is a direct result of Newton’s second law of motion for

cases in which rotational inertia is constant.

dL dw
net_F_Idt —I(X

6.3.C.3
The net torque exerted on an object or rigid system is
equal to the slope of the graph of the angular momentum
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of an object as a function of time.

6.3.C4

The angular impulse delivered to an object or rigid system
is equal fo the area under the curve of a graph of the net
external torque exerted on an object as a function of time.

TOPIC 6.4
Conservation of Angular Momentum

6.4.A
Describe the behavior of a system using
conservation of angular momentum.

6.4.A1

The total angular momentum of a system about a rotational
axis is the sum of the angular momenta of the system'’s
constituent parts about that rotational axis.

6.4.A.2
Any change to a system’s angular momentum must be due
to an interaction between the system and its surroundings.
[.  The angular impulse exerted by one object or
system on a second object or system is equal and
opposite to the angular impulse exerted by the
second object or system on the first. This is a direct
result of Newton'’s third law.
II. A system may be selected so that the total angular
momentum of that system is constant.

[II.  The angular speed of a nonrigid, system may
change without the angular momentum of the
system changing if the system changes shape by
moving mass closer to or farther from the rotational
axis.

IV.  If the total angular momentum of a system
changes, that change will be equivalent to the
angular impulse exerted on the system.

6.4.B

Describe how the selection of a system
determines whether the angular momentum of
that system changes.

6.4.B.1
Angular momentum is conserved in all interactions.

6.4.B.2
If the net external torque exerted on a selected object or
rigid system is zero, the total angular momentum of that
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system is constant.

6.4.B.3

If the net external torque exerted on a selected object or
rigid system is nonzero, angular momentum is transferred
between the system and the environment.

6.5.A
Describe the kinetic energy of a system that
has translational and rotational motion.

6.5.A.1
The total kinetic energy of a system is the sum of the
system’s translational and rotational kinetic energies.

6.5.B
Describe the motion of a system that is rolling
without slipping.

6.5.B.1

While rolling without slipping, the translational motion of a
system’s center of mass is related to the rotational motion
of the system itself with the following equations:

Ax = T1A0®

cm

=Tw
cm

= ra
cm

6.5.B.2

For ideal cases, rolling without slipping implies that the

frictional force does not dissipate any energy from the

rolling system.

6.5.C
Describe the motion of a system that is rolling
while slipping.

6.5.C1
When slipping, the motion of a system’s center of mass and
the system’s rotational motion cannot be directly related.

6.5.C.2

When a rotating system is slipping relative to another
surface, the point of application of the force of kinetic
friction exerted on the system moves with respect to the
surface, so the force of kinetic friction will dissipate energy
from the system.

TOPIC 6.6

6.6.A Describe the motions of a system

6.6.A.1
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Motion of Orbiting Satellites

consisting of two objects or systems
interacting only via gravitational forces.

In a system consisting only of a massive central object and
an orbiting satellite with mass that is negligible in
comparison to the central object’'s mass, the motion of the
central object itself is negligible.

6.6.A.2
The motion of satellites in orbits is constrained by
conservation laws.

I.  Incircular orbits, the system’s total mechanical
energy, the system’s gravitational potential energy,
and the satellite’s angular momentum and kinetic
energy are constant.

II.  Inelliptical orbits, the system’s total mechanical
energy and the satellite’s angular momentum are
constant, but the system’s gravitational potential
energy and the satellite’s kinetic energy can each
change.

III.  The gravitational potential energy of a system
consisting of a satellite and a massive central
object is defined to be zero when the satellite is an
infinite distance from the central object.

6.6.A3

The total energy of a system consisting of a satellite
orbiting a central object in a circular path can be written in
terms of the gravitational potential energy of that system or
the kinetic energy of the satellite

6.6.A.4

The escape velocity of a satellite is the satellite’s velocity
such that the mechanical energy of the
satellite—central-object system is equal to zero.

I.  When the only force exerted on a satellite is gravity
from a central object, a satellite that reaches
escape velocity will move away from the central
body until its speed reaches zero at an infinite
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distance from the central bodly.

II.  The escape velocity of a satellite from a central
body of mass M can be derived using conservation
of energy laws.

Checks for understanding and feedback on essential unit questions (Potential Quick write, Think-Pair-Share or Fishbowl):
o BIGIDEA 5: How does the conservation of angular momentum govern interactions between objects and systems?
Why do planets move faster when they travel closer to the sun?

Free-response questions aligned to AP Physics Science Practices: (Task verbs commonly used in free-response questions- Calculate,
Construct/Draw, Describe, Determine, Evaluate, Explain, Identify, Justify, Make a claim, Predict/Make a prediction, Represent, State, Support a
claim)

WO ETIEE o1 [e B0 The student can create representations that depict physical phenomena/situations, excluding graphs.
ALY (o1t o i[ole [N EGTF 0 The student can conduct analyses to derive, calculate, estimate or predict.
RTINS (el Tl e Tl DGO V) FTg 1 (e [e1iH The student can describe experimental procedures, analyze data, and support claims.
Rubric based on AP Physics Scoring Guidelines
AP Classroom: Progress Checks, Assessment Resource, Reassessment Opportunities
Laboratory work:

o Kepler's Laws with NASA data

o Ice skater conservation of angular momentum

o Determination of massed pulley rotational inertia
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TOPIC 71
Defining Simple Harmonic Motion (SHM)

71.A
Describe simple harmonic motion.

71.A1
Simple harmonic motion is a special case of periodic
motion.

71.A2

SHM results when the magnitude of the restoring force
exerted on an object is proportional to that object’s
displacement from its equilibrium position.

I.  Avrestoring force is a force that is exerted in a
direction opposite to the object’s displacement
from an equilibrium position.

II.  Anequilibrium position is a location at which the
net force exerted on an object or system is zero.

TOPIC 7.2
Fequency and Period of SHM

72.A
Describe the frequency and period of an object
exhibiting SHM.

72.A1
The period of SHM is related to the angular frequency, w,
of the object’s motion by the following equation:

AL 1
T===—

w f
I.  The period of an object- ideal spring oscillator is
given by the equation

= 21 [
TS—ZTI -

II.  The period of a simple pendulum displaced by a
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small angle is given by the equation Tp = 2T /%.

TOPIC 7.3
Representing and Analyzing SHM

73.A
Describe the displacement, velocity, and
acceleration of an object exhibiting SHM.

7.3.A1

For an object exhibiting SHM, the displacement of that
object measured from its equilibrium position can be
represented by the equations x = Acos(2mft) or

x = Asin(2mft).

L. Minima, maxima, and zeros of displacement,
velocity, and acceleration are features of harmonic
motion.

II.  Recognizing the positions or times at which the
displacement, velocity, and acceleration for SHM
have extrema or zeros can help in qualitatively
describing the behavior of the motion.

73.A2

The position as a function of time for an object exhibiting
SHM is a solution of the second-order differential equation
derived from the application of Newton’s second law.

73.A3

Characteristics of SHM, such as velocity and acceleration,
can be determined by or derived from the equation

x = Acos(wt + ©).

I.  The acceleration of an object exhibiting SHM is
related to the object’s angular frequency and
position.

II. It can be shown that the maximum velocity and
acceleration of an object exhibiting SHM are
related to the angular frequency of the object’s
motion.

73.A4
In the presence of a sinusoidal external force, a system
may exhibit resonance.

I.  Resonance occurs when an external force is
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exerted af the natural frequency of an oscillating
system.
II.  Resonance increases the amplitude of oscillating
motion.
III.  The natural frequency of a system is the frequency
at which the system will oscillate when it is
displaced from its equilibrium position.

73A5C
hanging the amplitude of a system exhibiting SHM will not
change its period.

73.A6
Properties of SHM can be determined and analyzed using
graphical representations.

TOPIC 74
Energy of Simple Harmonic Oscillators

74.A
Describe the mechanical energy of a system
exhibiting SHM.

74.A1
The total energy of a system exhibiting SHM is the sum of
the system’s kinetic and potential Energies.

74.A2
Conservation of energy indicates that the total energy of a
system exhibiting SHM is constant.

74.A3

The kinetic energy of a system exhibiting SHM is af a
maximum when the system’s potential energy is at a
minimum.

74.A.4
The potential energy of a system exhibiting SHM is at a
maximum when the system’s kinetic energy is at a
minimum.
[.  The minimum kinetic energy of a system exhibiting
SHM is zero.
II. ~ Changing the amplitude of a system exhibiting
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SHM will change the maximum potential energy of
the system and, therefore, the total energy of the
system.

TOPIC 7.5
Simple and Physical Pendulums

75.A
Describe the properties of a physical
pendulum.

7.5.A1
A physical pendulum is a rigid body that undergoes
oscillation about a fixed axis.

75.A2

For small amplitudes of motion, the period of a physical
pendulum is derived from the application of Newton’s
second law in rotational form.

I.  When displaced from equilibrium, the gravitational
force exerted on a physical pendulum’s center of
mass provides a restoring torque.

II.  For small amplitudes of motion, the small-angle
approximation can be applied to the restoring
tforque.

III.  The small-angle approximation and Newton'’s
second law in rotational form yield a second-order
differential equation that describes SHM:

d’e 2

— = w0
at

75.A3

A simple pendulum is a special case of physical
pendulums in which the hanging object can be modeled as
a point mass at a distance, |, from the pivot point.

75.A4

A torsion pendulum is a case of SHM where the restoring
torque is proportional to the angular displacement of a
rotating system. For example, a horizontal disk that is
suspended from a wire attached to its center of mass may
undergo rotational oscillations about the wire in the
horizontal plane.
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Checks for understanding and feedback on essential unit questions (Potential Quick write, Think-Pair-Share or Fishbowl):
o BIGIDEA 3: How does a restoring force differ from a “regular” force?
How does the presence of restoring forces predict and lead to harmonic motion?
How does a spring cause an object to oscillate?
How can oscillations be used to make our lives easier?
o BIGIDEA 5: How does the law of conservation of energy govern the interactions between objects and systems?
How can energy stored in a spring be used fo create motion?

Free-response questions aligned to AP Physics Science Practices: (Task verbs commonly used in free-response questions- Calculate,
Construct/Draw, Describe, Determine, Evaluate, Explain, Identify, Justify, Make a claim, Predict/Make a prediction, Represent, State, Support a
claim)

O leif1aTe R ET ol =ENgi (ol [e[gEH The student can create representations that depict physical phenomena/situations, excluding graphs.
ALY (o1t o iole R TF T EE: The student can conduct analyses to derive, calculate, estimate or predict.
RSl V=TT T (o Nl le MV Ee [T STy 1i[e1gH The student can describe experimental procedures, analyze data, and support claims.
Rubric based on AP Physics Scoring Guidelines
AP Classroom: Progress Checks, Assessment Resource, Reassessment Opportunities
Laboratory work:

o Physical Pendulum

o Spring Oscillations on an Incline

o Turning Forks & Pressure Waves
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