T " For States, By States

HS-PS3-1

Students who demonstrate understanding can:

HS-PS3-1.

Create a computational model to calculate the change in the energy of one component

in a system when the change in energy of the other component(s) and energy flows in
and out of the system are known. [Clarification Statement: Emphasis is on explaining the
meaning of mathematical expressions used in the model.] [Assessment Boundary:
Assessment is limited to basic algebraic expressions or computations; to systems of two or
three components; and to thermal energy, kinetic energy, and/or the energies in gravitational,
magnetic, or electric fields.]

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
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 Create a computational model or
simulation of a phenomenon,
designed device, process, or system.

Disciplinary Core Ideas

PS3.A: Definitions of Energy

e Energy is a quantitative property of a
system that depends on the motion
and interactions of matter and
radiation within that system. That
there is a single quantity called
energy is due to the fact that a
system’s total energy is conserved,
even as, within the system, energy is
continually transferred from one
object to another and between its
various possible forms.

PS3.B: Conservation of Energy and

Energy Transfer

e  Conservation of energy means that
the total change of energy in any
system is always equal to the total
energy transferred into or out of the
system.

e  Energy cannot be created or
destroyed, but it can be transported
from one place to another and
transferred between systems.

e  Mathematical expressions, which
quantify how the stored energy in a
system depends on its configuration
(e.g., relative positions of charged
particles, compression of a spring)
and how kinetic energy depends on
mass and speed, allow the concept
of conservation of energy to be used
to predict and describe system
behavior.

e  The availability of energy limits what
can occur in any system.

Crosscutting Concepts

Systems and System Models

e  Models can be used to
predict the behavior of a
system, but these
predictions have limited
precision and reliability due
to the assumptions and
approximations inherent in
models.

Connections to Nature of
Science

Scientific Knowledge

Assumes an Order and

Consistency in Natural

Systems

e Science assumes the
universe is a vast single
system in which basic laws
are consistent.

Representation

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

a | Students identify and describe the components to be computationally modeled, including:
i. The boundaries of the system and that the reference level for potential energy = 0 (the
potential energy of the initial or final state does not have to be zero);

ii. The initial energies of the system’s components (e.g., energy in fields, thermal energy,
kinetic energy, energy stored in springs — all expressed as a total amount of Joules in
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each component), including a quantification in an algebraic description to calculate the
total initial energy of the system;

iii. The energy flows in or out of the system, including a quantification in an algebraic
description with flow into the system defined as positive; and

iv. The final energies of the system components, including a quantification in an algebraic
description to calculate the total final energy of the system.

2 | Computational Modeling

a | Students use the algebraic descriptions of the initial and final energy state of the system, along
with the energy flows to create a computational model (e.g., simple computer program,
spreadsheet, simulation software package application) that is based on the principle of the
conservation of energy.

b | Students use the computational model to calculate changes in the energy of one component of
the system when changes in the energy of the other components and the energy flows are
known.

3 | Analysis

a | Students use the computational model to predict the maximum possible change in the energy of
one component of the system for a given set of energy flows.

b | Students identify and describe the limitations of the computational model, based on the
assumptions that were made in creating the algebraic descriptions of energy changes and flows
in the system.
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