NEXT GENERATION
Sc I E N c E *Unless otherwise specified, “descriptions” referenced in the evidence statements

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

For States, By States

HS-ESS1-4

Students who demonstrate understanding can:

HS-ESS1-4. Use mathematical or computational representations to predict the motion of orbiting
objects in the solar system. [Clarification Statement: Emphasis is on Newtonian
gravitational laws governing orbital motions, which apply to human-made satellites as well
as planets and moons.] [Assessment Boundary: Mathematical representations for the
gravitational attraction of bodies and Kepler’s laws of orbital motions should not deal with
more than two bodies, nor involve calculus.]

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

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts

Using Mathematical and Computational ESS1.B: Earth and the Solar Scale, Proportion, and Quantity

Thinking System e  Algebraic thinking is used to

Mathematical and computational thinkingin | e Kepler's laws describe examine scientific data and

9-12 builds on K-8 experiences and common features of the predict the effect of a change in

progresses to using algebraic thinking and motions of orbiting objects, one variable on another (e.g.,

analysis, a range of linear and nonlinear including their elliptical linear growth vs. exponential

functions including trigonometric functions, paths around the sun. growth).

exponentials and logarithms, and Orbits may change due to | = -----------mommmoo-

computational tools for statistical analysis the gravitational effects Connections to Engineering,

to analyze, represent, and model data. from, or collisions with, Technology, and Applications of

Simple computational simulations are other objects in the solar Science

created and used based on mathematical system.

models of basic assumptions. Interdependence of Science,

e Use mathematical or computational Engineering, and Technology
representations of phenomena to e  Science and engineering

describe explanations. complement each other in the

cycle known as research and
development (R&D). Many R&D
projects may involve scientists,
engineers, and others with wide
ranges of expertise.

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

1 | Representation

a | Students identify and describe* the following relevant components in the given mathematical or
computational representations of orbital motion: the trajectories of orbiting bodies, including
planets, moons, or human-made spacecraft; each of which depicts a revolving body’s
eccentricity e = f/d, where f is the distance between foci of an ellipse, and d is the ellipse’s
major axis length (Kepler's first law of planetary motion).

2 | Mathematical or computational modeling

a | Students use the given mathematical or computational representations of orbital motion to
depict that the square of a revolving body’s period of revolution is proportional to the cube of its
distance to a gravitational center (T2 o« R3, where T is the orbital period and R is the semi-
major axis of the orbit — Kepler’s third law of planetary motion).

3 | Analysis

a | Students use the given mathematical or computational representation of Kepler's second law of
planetary motion (an orbiting body sweeps out equal areas in equal time) to predict the
relationship between the distance between an orbiting body and its star, and the object’s orbital
velocity (i.e., that the closer an orbiting body is to a star, the larger its orbital velocity will be).
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b | Students use the given mathematical or computational representation of Kepler’s third law of
planetary motion (T2 « R3, where T is the orbital period and R is the semi-major axis of the
orbit) to predict how either the orbital distance or orbital period changes given a change in the
other variable.

¢ | Students use Newton’s law of gravitation plus his third law of motion to predict how the
acceleration of a planet towards the sun varies with its distance from the sun, and to argue
qualitatively about how this relates to the observed orbits.
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