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decays.]

Students who demonstrate understanding can:

Develop models to illustrate the changes in the composition of the nucleus of the
atom and the energy released during the processes of fission, fusion, and radioactive
decay. [Clarification Statement: Emphasis is on simple qualitative models, such as pictures
or diagrams, and on the scale of energy released in nuclear processes relative to other kinds
of transformations.] [Assessment Boundary: Assessment does not include quantitative
calculation of energy released. Assessment is limited to alpha, beta, and gamma radioactive

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

Science and Engineering Practices

Developing and Using Models
Modeling in 9-12 builds on K-8 and
progresses to using, synthesizing, and
developing models to predict and show
relationships among variables between
systems and their components in the
natural and designed worlds.

e Develop a model based on evidence
to illustrate the relationships
between systems or between
components of a system.

Disciplinary Core Ideas

PS1.C: Nuclear Processes

e Nuclear processes, including
fusion, fission, and radioactive
decays of unstable nuclei, involve
release or absorption of energy.
The total number of neutrons plus
protons does not change in any
nuclear process.

Crosscutting Concepts

Energy and Matter

e In nuclear processes, atoms
are not conserved, but the total
number of protons plus
neutrons is conserved.

1 | Components of the model

models, including:

a | Students develop models in which they identify and describe the relevant components of the

i. Identification of an element by the number of protons;

ii.  The number of protons and neutrons in the nucleus before and after the decay;,

gamma); and

iii. The identity of the emitted particles (i.e., alpha, beta — both electrons and positrons, and

iv.  The scale of energy changes associated with nuclear processes, relative to the scale of
energy changes associated with chemical processes.

2 | Relationships

decay.

a | Students develop five distinct models to illustrate the relationships between components
underlying the nuclear processes of 1) fission, 2) fusion and 3) three distinct types of radioactive

b | Students include the following features, based on evidence, in all five models:

i. The total number of neutrons plus protons is the same both before and after the nuclear
process, although the total number of protons and the total number of neutrons may be
different before and after.

ii. The scale of energy changes in a nuclear process is much larger (hundreds of thousands
or even millions of times larger) than the scale of energy changes in a chemical process.

3 | Connections

nuclei.

a | Students develop a fusion model that illustrates a process in which two nuclei merge to form a
single, larger nucleus with a larger number of protons than were in either of the two original

b | Students develop a fission model that illustrates a process in which a nucleus splits into two or
more fragments that each have a smaller number of protons than were in the original nucleus.

¢ | In both the fission and fusion models, students illustrate that these processes may release
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energy and may require initial energy for the reaction to take place.

d | Students develop radioactive decay models that illustrate the differences in type of energy (e.g.,
kinetic energy, electromagnetic radiation) and type of particle (e.g., alpha particle, beta particle)
released during alpha, beta, and gamma radioactive decay, and any change from one element to
another that can occur due to the process.

e | Students develop radioactive decay models that describe that alpha particle emission is a type of
fission reaction, and that beta and gamma emission are not.
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