NEXT GENERATION

SCIENCE

For States, By States

*Unless otherwise specified, “descriptions” referenced in the evidence statements

could include but are not limited to written, oral, pictorial, and kinesthetic descriptions.

HS-PS2-2

Students who demonstrate understanding can:

HS-PS2-2.

Use mathematical representations to support the claim that the total momentum of a

system of objects is conserved when there is no net force on the system. [Clarification
Statement: Emphasis is on the quantitative conservation of momentum in interactions and
the qualitative meaning of this principle.] [Assessment Boundary: Assessment is limited to
systems of two macroscopic bodies moving in one dimension.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education:

Science and Engineering Practices

Using Mathematics and Computational
Thinking

Mathematical and computational thinking
at the 9-12 level builds on K-8 and
progresses to using algebraic thinking
and analysis; a range of linear and

Disciplinary Core Ideas

PS2.A: Forces and Motion

Momentum is defined for a
particular frame of reference; it is
the mass times the velocity of the
object.

If a system interacts with objects

Crosscutting Concepts

Systems and System Models

e  When investigating or
describing a system, the
boundaries and initial
conditions of the system need
to be defined.

nonlinear functions including
trigonometric functions, exponentials and
logarithms; and computational tools for
statistical analysis to analyze, represent,
and model data. Simple computational
simulations are created and used based
on mathematical models of basic
assumptions.
e Use mathematical representations of
phenomena to describe explanations.

outside itself, the total
momentum of the system can
change; however, any such
change is balanced by changes
in the momentum of objects
outside the system.

Observable features of the student performance by the end of the course:
1 | Representation

a | Students clearly define the system of the two interacting objects that is represented
mathematically, including boundaries and initial conditions.

b | Students identify and describe* the momentum of each object in the system as the product of its
mass and its velocity, p = mv (p and v are restricted to one-dimensional vectors), using the
mathematical representations.

¢ | Students identify the claim, indicating that the total momentum of a system of two interacting
objects is constant if there is no net force on the system.

2 | Mathematical modeling

a | Students use the mathematical representations to model and describe* the physical interaction of
the two objects in terms of the change in the momentum of each object as a result of the
interaction.

b | Students use the mathematical representations to model and describe* the total momentum of
the system by calculating the vector sum of momenta of the two objects in the system.

3 | Analysis

a | Students use the analysis of the motion of the objects before the interaction to identify a system
with essentially no net force on it.

b | Based on the analysis of the total momentum of the system, students support the claim that the
momentum of the system is the same before and after the interaction between the objects in the
system, so that momentum of the system is constant.

¢ | Students identify that the analysis of the momentum of each object in the system indicates that
any change in momentum of one object is balanced by a change in the momentum of the other
object, so that the total momentum is constant.
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