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HS.PS-ER Electromagnetic Radiation
Students who demonstrate understanding can:
a. Use arguments to support the claim that electromagnetic radiation can be described using both a wave model and a
particle model, and determine which model provides a better explanation of phenomena. [Assessment Boundary: Limited to
understanding that the quantum theory relates the two models, but students do not need to know the specifics of the quantum theory.]

b. Obtain, evaluate, and communicate scientific literature to show that all electromagnetic radiation travels through a
vacuum at the same speed (called the speed of light).

c. Obtain, evaluate, and communicate scientific literature about the effects different wavelengths of electromagnetic

radiation have on matter when the matter absorbs it. [Assessment Boundary: Only IR, UV, and gamma radiation are intended; qualitative descriptions
only.]

d. Analyze and interpret data of both atomic emission and absorption spectra of different samples to make claims about the
presence of certain elements in the sample. [Assessment Boundary:

Identification of elements to be based on comparison of spectral lines.]

e. Construct an explanation of how photovoltaic materials work using the particle model of light, and describe their

application in everyday devices. [Clarification Statement: Everyday devices can include solar cells and barcodes.] [Assessment Boundary: Qualitative descriptors
only]

f. Obtain, evaluate, and communicate scientific literature about the differences and similarities between analog and digital
representations of information to describe the relative advantages and disadvantages. [Assessment Boundary: Qualitative explanations
only.]

g. Construct explanations for why the wavelength of an electromagnetic wave determines its use for certain applications.

[Clarification Statement: Examples of wavelength determining applications can include visible light not being used to observe atoms, and x-rays being used for bone imaging.]
[Assessment Boundary: Only qualitative descriptors in the explanation are intended.]
The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Analyzing and Interpreting Data
Analyzing data in 9–12 builds on K–8 and progresses to
introducing more detailed statistical analysis, the
comparison of data sets for consistency, and the use of
models to generate and analyze data.
 Use tools, technologies, and models (e.g.
computational and mathematical) to plan, gather, and
analyze data to make valid and reliable scientific claims
or justify an optimal solution. (d)
Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9–12
builds on K–8 experiences and progresses to
explanations and designs that are supported by multiple
and independent student-generated sources of evidence
consistent with scientific knowledge, principles, and
theories.
 Construct and revise explanations and arguments
based on evidence obtained from a variety of sources
(e.g., scientific principles, models, theories) and peer
review. (e),(g)
Engaging in Argument from Evidence
Engaging in argument from evidence in 9–12 builds from
K–8 experiences and progresses to using appropriate and
sufficient evidence and scientific reasoning to defend and
critique claims and explanations about natural and
designed world. Arguments may also come from current
scientific or historical episodes in science.
 Construct a counter-argument that is based in data
and evidence that challenges another proposed
argument. (a)
Obtaining, Evaluating, and Communicating
Information
Obtaining, evaluating, and communicating information in
9–12 builds on 6–8 and progresses to evaluate the
validity and reliability of the claims, methods, and
designs.
 Critically read scientific literature adapted for
classroom use to identify key ideas and major points
and to evaluate the validity and reliability of the
claims, methods, and designs. (b),(c),(f)

PS4.A: Wave Properties
 Information can be digitized (e.g., a picture stored as the values of
an array of pixels); in this form, it can be stored reliably in computer
memory and sent over long distances as a series of wave pulses. (f)
PS4.B: Electromagnetic Radiation
 Electromagnetic radiation (e.g., radio, microwaves, light) can be
modeled as a wave of changing electric and magnetic fields or as
particles called photons. The wave model is useful for explaining
many features of electromagnetic radiation, and the particle model
explains other features. Quantum theory relates the two models.
(Boundary: Quantum theory is not explained further at this grade
level.) (a)
 Because a wave is not much disturbed by objects that are small
compared with its wavelength, visible light cannot be used to see
such objects as individual atoms. (g)
 All electromagnetic radiation travels through a vacuum at the same
speed, called the speed of light. Its speed in any other given medium
depends on its wavelength and the properties of that medium.
(b),(g)
 When light or longer wavelength electromagnetic radiation is
absorbed in matter, it is generally converted into thermal energy
(heat). (c),(g)
 Shorter wavelength electromagnetic radiation (ultraviolet, X-rays,
gamma rays) can ionize atoms and cause damage to living cells.
(c),(g)
 Photovoltaic materials emit electrons when they absorb light of a
high-enough frequency. (e)
 Atoms of each element emit and absorb characteristic frequencies of
light, and nuclear transitions have distinctive gamma ray
wavelengths. These characteristics allow identification of the
presence of an element, even in microscopic quantities. (d)
PS4.C: Information Technologies and Instrumentation
 Multiple technologies based on the understanding of waves and their
interactions with matter are part of everyday experiences in the
modern world (e.g., medical imaging, communications, scanners)
and in scientific research. They are essential tools for producing,
transmitting, and capturing signals and for storing and interpreting
the information contained in them. (e),(f),(g)
 Knowledge of quantum physics enabled the development of
semiconductors, computer chips, and lasers, all of which are now
essential components of modern imaging, communication, and
information technologies. (Boundary: Details of quantum physics are
not formally taught at this grade level.) (g)

Structure and Function
Investigating or designing new systems or
structures requires a detailed examination
of the properties of different materials, the
structures of different components, and
connections of components to reveal its
function and/or solve a problem. The
functions and properties of natural and
designed objects and systems can be
inferred from their overall structure, the
way their components are shaped and used,
and the molecular substructures of its
various materials. (a),(b),(d),(e)
 [Clarification Statement for a: The way
something functions, e.g. visible light,
can be best understood through a
particular representation of its
structure.]
 [Clarification Statement for d: Rationale
is that from the spectra (the way they
function) the structure can be inferred.]
_______________________
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Connections to Engineering, Technology,
and Applications of Science
Influence of Engineering, Technology,
and Science on Society and the Natural
World
Modern civilization depends on major
technological systems, such as agriculture,
health, water, energy, transportation,
manufacturing, construction, and
communications. Engineers continuously
modify these systems to increase benefits
while decreasing costs and risks. New
technologies can have deep impacts on
society and the environment, including
some that were not anticipated. Analysis of
costs and benefits is a critical aspect of
decisions about technology. (c),(f),(g)
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HS.PS-ER

Electromagnetic Radiation (continued)

Connections to other DCIs in this grade-level: HS.ETS-ETSS, HS.ESS-SS
Articulation to DCIs across grade-levels: MS.PS-WER
Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases]
ELA –
RI.9-10.8

Delineate and evaluate the argument and specific claims in a text, assessing whether the reasoning is valid and the evidence is relevant and sufficient; identify false
statements and fallacious reasoning.
SL.9-10.4 Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization,
development, substance, and style are appropriate to purpose, audience, and task.
SL.11-12.4 Present information, findings, and supporting evidence, conveying a clear and distinct perspective, such that listeners can follow the line of reasoning, alternative or
opposing perspectives are addressed, and the organization, development, substance, and style are appropriate to purpose, audience, and a range of formal and informal tasks.
Mathematics –
N-Q
Reason quantitatively and use units to solve problems
S.ID
Summarize, represent, and interpret data on a single count or measurement variable
S.IC
Make inferences and justify conclusions from sample surveys, experiments, and observational studies
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