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Blue Valley K-5 Science

The Three Dimensions

Dimension 1: Science and Engineering Practices
What the students will do.

This dimension describes (a) the major practices that scientists employ as they investigate and build models and theories about the world and
(b) a key set of engineering practices that engineers use as they design and build systems. We use the term “practices” instead of a term such
as “skills” to emphasize that engaging in scientific investigation requires not only skill but also knowledge that is specific to each practice.
Similarly, because the term “inquiry,” extensively referred to in previous standards documents, has been interpreted over time in many
different ways throughout the science education community, part of our intent in articulating the practices in Dimension 1 is to better specify
what is meant by inquiry in science and the range of cognitive, social and physical practices that it requires. As in all inquiry-based
approaches to science teaching, our expectation is that students will themselves engage in the practices and not merely learn about them
secondhand. Students cannot comprehend scientific practices, nor fully appreciate the nature of scientific knowledge itself, without directly
experiencing those practices for themselves.

Dimension 2: Crosscutting Concepts

How the students will organize and connect their knowledge.
The crosscutting concepts have application across all domains of science. As such, they provide one way of linking across the domains in
Dimension 3. There is a need to consider not only content but also the ideas and practices that cut across the science disciplines.

Dimension 3: Disciplinary Core Ideas

What the students will understand.

The continuing expansion of scientific knowledge makes it impossible to teach all the ideas related to a given discipline in exhaustive detail
during the K-12 years. But given the cornucopia of information available today virtually at a touch— people live, after all, in an information
age—an important role of science education is not to teach “all the facts” but rather to prepare students with sufficient core knowledge so
that they can later acquire additional information on their own. An education focused on a limited set of ideas and practices in science and
engineering should enable students to evaluate and select reliable sources of scientific information and allow them to continue their
development well beyond their K-12 school years as science learners, users of scientific knowledge, and perhaps also as producers of such
knowledge.
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EIGHT SCIENCE AND ENGINEERING PRACTICES

PRACTICE

SCIENCE

ENGINEERING

Asking Questions and
Defining Problems

Science begins with a question about a phenomenon,

such as “Why is the sky blue?” or “What causes cancer?,” and seeks to
develop theories that can provide explanatory answers to such
questions. A basic practice of the scientist is formulating empirically
answerable questions about phenomena, establishing what is already
known, and determining what questions have yet to be satisfactorily
answered.

Engineering begins with a problem, need, or desire that suggests an
engineering problem that needs to be solved. A societal problem such as
reducing the nation’s dependence on fossil fuels may engender a variety
of engineering problems, such as designing more efficient transportation
systems, or alternative power generation devices such as improved solar
cells. Engineers ask questions to define the engineering problem,
determine criteria for a successful solution, and identify constraints.

Developing and Using
Models

Science often involves the construction and use of a wide variety of
models and simulations to help develop explanations about natural
phenomena. Models make it possible to go beyond observables and
imagine a world not yet seen. Models enable predictions of the form “if
...then ... therefore” to be made in order to test hypothetical
explanations.

Engineering makes use of models and simulations to analyze existing
systems so as to see where flaws might occur or to test possible
solutions to a new problem. Engineers also call on models of various
sorts to test proposed systems and to recognize the strengths and
limitations of their designs.

Planning and Carrying Out
Investigations

Scientific investigation may be conducted in the field or the laboratory.
A major practice of scientists is planning and carrying out a systematic
investigation, which requires the identification of what is to be
recorded and, if applicable, what are to be treated as the dependent
and independent variables (control of variables). Observations and
data collected from such work are used to test existing theories and
explanations or to revise and develop new ones.

Engineers use investigation both to gain data essential for specifying
design criteria or parameters and to test their designs. Like scientists,
engineers must identify relevant variables; decide how they will be
measured, and collect data for analysis. Their investigations help them
to identify how effective, efficient, and durable their designs may be
under a range of conditions.

Analyzing and Interpreting
Data

Scientific investigations produce data that must be analyzed in order
to derive meaning. Because data usually do not speak for themselves,
scientists use a range of tools—including tabulation, graphical
interpretation, visualization, and statistical analysis—to identify the
significant features and patterns in the data. Sources of error are
identified and the degree of certainty calculated. Modern technology
makes the collection of large data sets much easier, thus providing
many secondary sources for analysis.

Engineers analyze data collected in the tests of their designs and
investigations; this allows them to compare different solutions and
determine how well each one meets specific design criteria—that is,
which design best solves the problem within the given constraints. Like
scientists, engineers require a range of tools to identify the major
patterns and interpret the results.
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Using Mathematics and
Computational Thinking

In science, mathematics and computation are fundamental tools for
representing physical variables and their relationships. They are used
for a range of tasks, such as constructing simulations, statistically
analyzing data, and recognizing, expressing, and applying quantitative
relationships. Mathematical and computational approaches enable
predictions of the behavior of physical systems, along with the testing
of such predictions. Moreover, statistical techniques are invaluable for
assessing the significance of patterns or correlations.

In engineering, mathematical and computational representations of
established relationships and principles are an integral part of design.
For example, structural engineers create mathematically based analyses
of designs to calculate whether they can stand up to the expected
stresses of use and if they can be completed within acceptable budgets.
Moreover, simulations of designs provide an effective test bed for the
development of designs and their improvement.

Constructing Explanations
and Designing Solutions

The goal of science is the construction of theories that can provide
explanatory accounts of features of the world. A theory becomes
accepted when it has been shown to be superior to other explanations
in the breadth of phenomena it accounts for and in its explanatory
coherence and parsimony. Scientific explanations are explicit
applications of theory to a specific situation or phenomenon, perhaps
with the intermediary of a theory-based model for the system under
study. The goal for students is to construct logically coherent
explanations of phenomena that incorporate their current
understanding of science, or a model that represents it, and are
consistent with the available evidence.

Engineering design, a systematic process for solving engineering
problems, is based on scientific knowledge and models of the material
world. Each proposed solution results from a process of balancing
competing criteria of desired functions, technological feasibility, cost,
safety, esthetics, and compliance with legal requirements. There is
usually no single best solution but rather a range of solutions. Which
one is the optimal choice depends on the criteria used for making
evaluations.

Engaging in Argument
from Evidence

In science, reasoning and argument are essential for identifying the
strengths and weaknesses of a line of reasoning and for finding the
best explanation for a natural phenomenon. Scientists must defend
their explanations, formulate evidence based on a solid foundation of
data, examine their own understanding in light of the evidence and
comments offered by others, and collaborate with peers in searching
for the best explanation for the phenomenon being investigated.

In engineering, reasoning and argument are essential for finding the
best possible solution to a problem. Engineers collaborate with their
peers throughout the design process, with a critical stage being the
selection of the most promising solution among a field of competing
ideas. Engineers use systematic methods to compare alternatives,
formulate evidence based on test data, make arguments from evidence
to defend their conclusions, evaluate critically the ideas of others, and
revise their designs in order to achieve the best solution to the problem
at hand.

Obtaining, Evaluating, and
Communicating
Information

Science cannot advance if scientists are unable to communicate their
findings clearly and persuasively or to learn about the findings of
others. A major practice of science is thus the communication of ideas
and the results of inquiry—orally, in writing, with the use of tables,
diagrams, graphs, and equations, and by engaging in extended
discussions with scientific peers. Science requires the ability to derive
meaning from scientific texts (such as papers, the Internet, symposia,
and lectures), to evaluate the scientific validity of the information thus
acquired, and to integrate that information.

Engineers cannot produce new or improved technologies

if the advantages of their designs are not communicated clearly and
persuasively. Engineers need to be able to express their ideas, orally and
in writing, with the use of tables, graphs, drawings, or models and by
engaging in extended discussions with peers. Moreover, as with
scientists, they need to be able to derive meaning from colleagues’
texts, evaluate the information, and apply it usefully. In engineering and
science alike, new technologies are now routinely available that extend
the possibilities for collaboration and communication.
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SEVEN CROSSCUTTING CONCEPTS OF THE FRAMEWORK
The organizational framework that connects knowledge into a coherent and scientifically based view of the world

Patterns: Observed patterns of forms and events guide organization and classification, and they prompt questions about
relationships and the factors that influence them.

Cause and Effect: Events have causes, sometimes simple, sometimes multifaceted. A major activity of science is investigating
and explaining causal relationships and the mechanisms by which they are mediated. Such mechanisms can then be tested
across given contexts and used to predict and explain events in new contexts.

Scale, Proportion, and Quantity: In considering phenomena, it is critical to recognize what is relevant at different measures
of size, time, and energy and to recognize how changes in scale, proportion, or quantity affect a system’s structure or
performance.

Systems and System Models: Defining the system under study—specifying its boundaries and making explicit a model of that
system—provides tools for understanding and testing ideas that are applicable throughout science and engineering.

Energy and Matter: Tracking fluxes of energy and matter into, out of, and within systems helps one understand the systems’
possibilities and limitations.

Structure and Function: The way in which an object or living thing is shaped and its substructure determine many of its
properties and functions.

Stability and Change: For natural and built systems alike, conditions of stability and determinants of rates of change or
evolution of a system are critical elements of study.
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Physical Science K-5 Progression

P51 Matter and Its Interactions

PS1A Structure and Properties of matter

PS1B Chemical Reactions

P51C Nuclear Processes

P52 Motion and Stability: Forces and Interactions

PS2A Forces and Motion

PS2B Types of Interactions

PS2C Stability and Instability in Physical Systems

P53 Energy

PS3A Definitions of Energy

P53B Conservation of Energy and Energy Transfer
PS3C Relationship Between Energy and Forces

PS3D Energy and Chemical Processes in Everyday Life
PS4 Waves and Their Applications in Technologies for Information Transfer
PS4A Wave Properties

PS48 Electromagnetic Radiation

PS4C Information Technologies and Instrumentation
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Core ldea PS1

Matter and Its Interactions

Essential Question: How can one explain the structure, properties, and interactions of matter?

The existence of atoms, now supported by evidence from modern instruments, was first postulated as a model that
could explain both qualitative and quantitative observations about matter (e.g., Brownian motion, ratios of reactants
and products in chemical reactions). Matter can be understood in terms of the types of atoms present and the
interactions both between and within them. The states (i.e., solid, liquid, gas, or plasma), properties (e.g., hardness,
conductivity), and reactions (both physical and chemical) of matter can be described and predicted based on the
types, interactions, and motions of the atoms within it. Chemical reactions, which underlie so many observed
phenomena in living and nonliving systems alike, conserve the number of atoms of each type but change their
arrangement into molecules. Nuclear reactions involve changes in the types of atomic nuclei present and are key to
the energy release from the sun and the balance of isotopes in matter.
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PS1.A: STRUCTURE AND PROPERTIES OF MATTER
Essential Question: How do particles combine to form the variety of matter one observes?

While too small to be seen with visible light, atoms have substructures of their own. They have a small central
region or nucleus—containing protons and neutrons—surrounded by a larger region containing electrons. The
number of protons in the atomic nucleus (atomic number) is the defining characteristic of each element; different
iIsotopes of the same element differ in the number of neutrons only. Despite the immense variation and number of
substances, there are only some 100 different stable elements.

Each element has characteristic chemical properties. The periodic table, a systematic representation of known
elements, is organized horizontally by increasing atomic number and vertically by families of elements with related
chemical properties. The development of the periodic table (which occurred well before atomic substructure was
understood) was a major advance, as its patterns suggested and led to the identification of additional elements with
particular properties. Moreover, the table’s patterns are now recognized as related to the atom’s outermost electron
patterns, which play an important role in explaining chemical reactivity and bond formation, and the periodic table
continues to be a useful way to organize this information.

The substructure of atoms determines how they combine and rearrange to form all of the world’s substances.
Electrical attractions and repulsions between charged particles (i.e., atomic nuclei and electrons) in matter explain
the structure of atoms and the forces between atoms that cause them to form molecules (via chemical bonds),
which range in size from two to thousands of atoms (e.g., in biological molecules such as proteins). Atoms also
combine due to these forces to form extended structures, such as crystals or metals. The varied properties (e.g.,
hardness, conductivity) of the materials one encounters, both natural and manufactured, can be understood in terms
of the atomic and molecular constituents present and the forces within and between them. Within matter, atoms and
their constituents are constantly in motion. The arrangement and motion of atoms vary in characteristic ways,
depending on the substance and its current state (e.g., solid, liquid). Chemical composition, temperature, and
pressure affect such arrangements and motions of atoms, as well as the ways in which they interact. Under a given
set of conditions, the state and some properties (e.g., density, elasticity, viscosity) are the same for different bulk
guantities of a substance, whereas other properties (e.g., volume, mass) provide measures of the size of the sample
at hand.
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Materials can be characterized by their intensive measureable properties. Different materials with different
properties are suited to different uses. The ability to image and manipulate placement of individual atoms in tiny
structures allows for the design of new types of materials with particular desired functionality (e.g., plastics,
nanoparticles). Moreover, the modern explanation of how particular atoms influence the properties of materials or
molecules is critical to understanding the physical and chemical functioning of biological systems.

Grade Band Endpoints for PS1.A

By the end of grade 2. Different kinds of matter exist (e.g., wood, metal, water), and many of them can be either
solid or liquid, depending on temperature. Matter can be described and classified by its observable properties (e.qg.,
visual, aural, textural), by its uses, and by whether it occurs naturally or is manufactured. Different properties are
suited to different purposes. A great variety of objects can be built up from a small set of pieces (e.g., blocks,
construction sets). Objects or samples of a substance can be weighed, and their size can be described and
measured. (Boundary: volume is introduced only for liquid measure.)

By the end of grade 5. Matter of any type can be subdivided into particles that are too small to see, but even then
the matter still exists and can be detected by other means (e.g., by weighing or by its effects on other objects). For
example, a model showing that gases are made from matter particles that are too small to see and are moving
freely around in space can explain many observations, including the inflation and shape of a balloon; the effects of
air on larger particles or objects (e.g., leaves in wind, dust suspended in air); and the appearance of visible scale
water droplets in condensation, fog, and, by extension, also in clouds or the contrails of a jet. The amount (weight)
of matter is conserved when it changes form, even in transitions in which it seems to vanish (e.g., sugar in solution,
evaporation in a closed container). Measurements of a variety of properties (e.g., hardness, reflectivity) can be used
to identify particular materials. (Boundary: At this grade level, mass and weight are not distinguished, and no
attempt is made to define the unseen particles or explain the atomic-scale mechanism of evaporation and
condensation.)
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PS1.B: CHEMICAL REACTIONS

Essential Question: How do substances combine or change (react) to make new substances? How does one
characterize and explain these reactions and make predictions about them?

Many substances react chemically with other substances to form new substances with different properties.
This change in properties results from the ways in which atoms from the original substances are combined and
rearranged in the new substances. However, the total number of each type of atom is conserved (does not change)
in any chemical process, and thus mass does not change either. The property of conservation can be used, along
with knowledge of the chemical properties of particular elements, to describe and predict the outcomes of reactions.
Changes in matter in which the molecules do not change, but their positions and their motion relative to each other
do change also occur (e.g., the forming of a solution,a change of state). Such changes are generally easier to
reverse (return to original conditions) than chemical changes.

“Collision theory” provides a qualitative model for explaining the rates of chemical reactions. Higher rates
occur at higher temperatures because atoms are typically moving faster and thus collisions are more frequent; also,
a larger fraction of the collisions have sufficient energy to initiate the process. Although a solution or a gas may have
constant chemical composition—that is, be in a steady state—chemical reactions may be occurring within it that are
dynamically balanced with reactions in opposite directions proceeding at equal rates.

Any chemical process involves a change in chemical bonds and the related bond energies and thus in the
total chemical binding energy. This change is matched by a difference between the total kinetic energy of the set of
reactant molecules before the collision and that of the set of product molecules after the collision (conservation of
energy). Some reactions release energy (e.g., burning fuel in the presence of oxygen), and others require energy
input (e.g., synthesis of sugars from carbon dioxide and water).
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Understanding chemical reactions and the properties of elements is essential not only to the physical sciences
but also is foundational knowledge for the life sciences and the earth and space sciences. The cycling of matter and
associated transfers of energy in systems, of any scale, depend on physical and chemical processes. The reactivity
of hydrogen ions gives rise to many biological and geophysical phenomena. The capacity of carbon atoms to form
the backbone of extended molecular structures is essential to the chemistry of life. The carbon cycle involves
transfers between carbon in the atmosphere—in the form of carbon dioxide—and carbon in living matter or formerly
living matter (including fossil fuels). The proportion of oxygen molecules (i.e., oxygen in the form O,) in the
atmosphere also changes in this cycle.

Grade Band Endpoints for PS1.B

By the end of grade 2. Heating or cooling a substance may cause changes that can be observed. Sometimes
these changes are reversible (e.g., melting and freezing), and sometimes they are not (e.g., baking a cake, burning
fuel).

By the end of grade 5. When two or more different substances are mixed, a new substance with different
properties may be formed; such occurrences depend on the substances and the temperature. No matter what
reaction or

change in properties occurs, the total weight of the substances does not change. (Boundary: Mass and weight are

not distinguished at this grade level.)
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Core ldea PS2

Motion and Stability: Forces and Interactions

Essential Question: How can one explain and predict interactions between objects and within systems of objects?

Interactions between any two objects can cause changes in one or both of them. An understanding of the forces
between objects is important for describing how their motions change, as well as for predicting stability or instability
In systems at any scale. All forces between objects arise from a few types of interactions: gravity, electromagnetism,
and the strong and weak nuclear interactions.
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PS2.A: FORCES AND MOTION
Essential Question: How can one predict an object’s continued motion, changes in motion, or stability?

Interactions of an object with another object can be explained and predicted using the concept of forces, which
can cause a change in motion of one or both of the interacting objects. An individual force acts on one particular
object and is described by its strength and direction. The strengths of forces can be measured and their values
compared.

What happens when a force is applied to an object depends not only on that force but also on all the other forces
acting on that object. A static object typically has multiple forces acting on it, but they sum to zero. If the total (vector
sum) force on an object is not zero, however, its motion will change. Sometimes forces on an object can also
change its shape or orientation. For any pair of interacting objects, the force exerted by the first object on the
second object is equal in strength to the force that the second object exerts on the first but in the opposite direction
(Newton'’s third law).

At the macroscale, the motion of an object subject to forces is governed by Newton’s second law of motion.
Under everyday circumstances, the mathematical expression of this law in the form F = ma (total force = mass times
acceleration) accurately predicts changes in the motion of a single macroscopic object of a given mass due to the
total force on it. But at speeds close to the speed of light, the second law is not applicable without modification. Nor
does it apply to objects at the molecular, atomic, and subatomic scales, or to an object whose mass is changing at
the same time as its speed.

For speeds that are small compared with the speed of light, the momentum of an object is defined as its mass
times its velocity. For any system of interacting objects, the total momentum within the system changes only due to
transfer of momentum into or out of the system, either because of external forces acting on the system or because
of matter flows. Within an isolated system of interacting objects, any change in momentum of one object is balanced
by an equal and oppositely directed change in the total momentum of the other objects. Thus total momentum is a
conserved quantity.
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Grade Band Endpoints for PS2.A

By the end of grade 2. Objects pull or push each other when they collide or are connected. Pushes and pulls can
have different strengths and directions. Pushing or pulling on an object can change the speed or direction of its
motion and can start or stop it. An object sliding on a surface or sitting on a slope experiences a pull due to friction
on the object due to the surface that opposes the object’'s motion.

By the end of grade 5. Each force acts on one particular object and has both a strength and a direction. An object

at rest typically has multiple forces acting on it, but they add to give zero net force on the object. Forces that do not

sum to zero can cause changes in the object’s speed or direction of motion. (Boundary: Qualitative and conceptual,
but not quantitative addition of forces are used at this level.) The patterns of an object’s motion in various situations

can be observed and measured; when past motion exhibits a regular pattern, future motion can be predicted from it.
(Boundary: Technical terms, such as magnitude, velocity, momentum, and vector quantity, are not introduced at this
level, but the concept that some quantities need both size and direction to be described is developed.)
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PS2.B: TYPES OF INTERACTIONS

Essential Question: What underlying forces explain the variety of interactions observed?

All forces between objects arise from a few types of interactions: gravity, electromagnetism, and strong and
weak nuclear interactions. Collisions between objects involve forces between them that can change their motion.
Any two objects in contact also exert forces on each other that are electromagnetic in origin. These forces result
from deformations of the objects’ substructures and the electric charges of the particles that form those
substructures (e.g., a table supporting a book, friction forces).

Gravitational, electric, and magnetic forces between a pair of objects do not require that they be in contact.
These forces are explained by force fields that contain energy and can transfer energy through space. These fields
can be mapped by their effect on a test object (mass, charge, or magnet, respectively).

Objects with mass are sources of gravitational fields and are affected by the gravitational fields of all other
objects with mass. Gravitational forces are always attractive. For two human-scale objects, these forces are too
small to observe without sensitive instrumentation. Gravitational interactions are nonnegligible, however, when very
massive objects are involved. Thus the gravitational force due to Earth, acting on an object near Earth’s surface,
pulls that object toward the planet’s center. Newton’s law of universal gravitation provides the mathematical model
to describe and predict the effects of gravitational forces between distant objects. These long-range gravitational
interactions govern the evolution and maintenance of large-scale structures in the universe (e.g., the solar system,
galaxies) and the patterns of motion within them.

Electric forces and magnetic forces are different aspects of a single electromagnetic interaction. Such forces
can be attractive or repulsive, depending on the relative sign of the electric charges involved, the direction of current
flow, and the orientation of magnets. The forces’ magnitudes depend on the magnitudes of the charges, currents,
and magnetic strengths as well as on the distances between the interacting objects. All objects with electrical charge
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or magnetization are sources of electric or magnetic fields and can be affected by the electric or magnetic fields of
other such objects. Attraction and repulsion of electric charges at the atomic scale explain the structure, properties,
and transformations of matter and the contact forces between material objects (link to PS1.A and PS1.B).
Coulomb’s law provides the mathematical model to describe and predict the effects of electrostatic forces (relating
to stationary electric charges or fields) between distant objects.

The strong and weak nuclear interactions are important inside atomic nuclei. These short-range interactions
determine nuclear sizes, stability, and rates of radioactive decay (see PS1.C).

Grade Band Endpoints for PS2.B

By the end of grade 2. When objects touch or collide, they push on one another and can change motion or shape.

By the end of grade 5. Objects in contact exert forces on each other (friction, elastic pushes and pulls). Electric,
magnetic, and gravitational forces between a pair of objects do not require that the objects be in contact—for
example, magnets push or pull at a distance. The sizes of the forces in each situation depend on the properties of
the objects and their distances apart and, for forces between two magnets, on their orientation relative to each
other. The gravitational force of Earth acting on an object near Earth’s surface pulls that object toward the planet’s
center.
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PS2.C: STABILITY AND INSTABILITY IN PHYSICAL SYSTEMS
Essential Question: Why are some physical systems more stable than others?

Events and processes in a system typically involve multiple interactions occurring simultaneously or in
sequence. The system’s stability or instability and its rate of evolution depend on the balance or imbalance among
these multiple effects.

A stable system is one in which the internal and external forces are such that any small change results in
forces that return the system to its prior state (e.g., a weight hanging from a string). A system can be static but
unstable, with any small change leading to forces that tend to increase that change (e.g., a ball at the top of a hill). A
system can be changing but have a stable repeating cycle of changes, with regular patterns of change that allow
predictions about the system’s future (e.g., Earth orbiting the sun). And a stable system can appear to be
unchanging when flows or processes within it are going on at opposite but equal rates (e.g., water in a dam at a
constant height but with water flowing in that offsets the water flowing out; a person maintaining steady weight but
eating food, burning calories, and excreting waste).

Stability and instability in any system depend on the balance of competing effects. A steady state of a complex
system can be maintained through a set of feedback mechanisms, but changes in conditions can move the system
out of its range of stability (e.g., homeostasis breaks down at too high or too low a temperature). With no energy
inputs, a system starting out in an unstable state will continue to change until it reaches a stable configuration (e.qg.,
the temperatures of hot and cold objects in contact). Viewed at a given scale, stable systems may appear static or
dynamic. Conditions and properties of the objects within a system affect the rates of energy transfer and thus how
fast or slowly a process occurs (e.g., heat conduction, the diffusion of particles in a fluid).

When a system has a great number of component pieces, one may not be able to predict much about its
precise future. For such systems (e.g., with very many colliding molecules), one can often predict average but not
detailed properties and behaviors (e.g., average temperature, motion, and rates of chemical change but not the
trajectories of particular molecules).
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Grade Band Endpoints for PS2.C

By the end of grade 2. Whether an object stays still or moves often depends on the effects of multiple pushes and
pulls on it (e.g., multiple players trying to pull an object in different directions). It is useful to investigate what pushes
and pulls keep something in place (e.g., a ball on a slope, a ladder leaning on a wall) as well as what makes
something change or move.

By the end of grade 5. A system can change as it moves in one direction (e.g., a ball rolling down a hill), shifts
back and forth (e.g., a swinging pendulum), or goes through cyclical patterns (e.g., day and night). Examining how
the forces on and within the system change as it moves can help to explain the system’s patterns of change.

A system can appear to be unchanging when processes within the system are occurring at opposite but equal
rates (e.g., water behind a dam is at a constant height because water is flowing in at the same rate that water is
flowing out). Changes can happen very quickly or very slowly and are sometimes hard to see (e.g., plant growth).
Conditions and properties of the objects within a system affect how fast or slowly a process occurs (e.g., heat
conduction rates).
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Core ldea PS3

Energy

Essential Question: How is energy transferred and conserved?

Interactions of objects can be explained and predicted using the concept of transfer of energy from one object or

system of objects to another. The total energy within a defined system changes only by the transfer of energy into or
out of the system.
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PS3.A: DEFINITIONS OF ENERGY

Essential Question: What is energy?

That there is a single quantity called energy is due to the remarkable fact that a system'’s total energy is
conserved. Regardless of the quantities of energy transferred between subsystems and stored in various ways
within the system, the total energy of a system changes only by the amount of energy transferred into and out of the
system.

At the macroscopic scale, energy manifests itself in multiple phenomena, such as motion, light, sound,
electrical and magnetic fields, and thermal energy. Historically, different units were introduced for the energy present
in these different phenomena, and it took some time before the relationships among them were recognized. Energy
Is best understood at the microscopic scale, at which it can be modeled as either motions of particles or as stored in
force fields (electric, magnetic, gravitational) that mediate interactions between particles. This last concept includes
electromagnetic radiation, a phenomenon in which energy stored in fields moves across space (light, radio waves)
with no supporting matter medium.

Motion energy is also called kinetic energy; defined in a given reference frame, it is proportional to the mass of
the moving object and grows with the square of its speed. Matter at any temperature above absolute zero contains
thermal energy. Thermal energy is the random motion of particles (whether vibrations in solid matter or molecules or
free motion in a gas), this energy is distributed among all the particles in a system through collisions and interactions
at a distance. In contrast, a sound wave is a moving pattern of particle vibrations that transmits energy through a
medium.

Electric and magnetic fields also contain energy; any change in the relative positions of charged objects (or in
the positions or orientations of magnets) changes the fields between them and thus the amount of energy stored in
those fields. When a particle in a molecule of solid matter vibrates, energy is continually being transformed back and
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forth between the energy of motion and the energy stored in the electric and magnetic fields within the matter.
Matter in a stable form minimizes the stored energy in the electric and magnetic fields within it; this defines the
equilibrium positions and spacing of the atomic nuclei in a molecule or an extended solid and the form of their
combined electron charge distributions (e.g., chemical bonds, metals).

Energy stored in fields within a system can also be described as potential energy. For any system where the
stored energy depends only on the spatial configuration of the system and not on its history, potential energy is a
useful concept (e.g., a massive object above Earth’s surface, a compressed or stretched spring). It is defined as a
difference in energy compared to some arbitrary reference configuration of a system. For example, lifting an object
increases the stored energy in the gravitational field between that object and Earth (gravitational potential energy)
compared to that for the object at Earth’s surface; when the object falls, the stored energy decreases and the
object’s kinetic energy increases. When a pendulum swings, some stored energy is transformed into kinetic energy
and back again into stored energy during each swing. (In both examples energy is transferred out of the system due
to collisions with air and for the pendulum also by friction in its support.) Any change in potential energy is
accompanied by changes in other forms of energy within the system, or by energy transfers into or out of the
system. Electromagnetic radiation (such as light and X-rays) can be modeled as a wave of changing electric and
magnetic fields. At the subatomic scale (i. e., in quantum theory), many phenomena involving electromagnetic
radiation (e.g., photoelectric effect) are best modeled as a stream of particles called photons. Electromagnetic
radiation from the sun is a major source of energy for life on Earth.

The idea that there are different forms of energy, such as thermal energy, mechanical energy, and chemical
energy, is misleading, as it implies that the nature of the energy in each of these manifestations is distinct when in
fact they all are ultimately, at the atomic scale, some mixture of kinetic energy, stored energy, and radiation. It is
likewise misleading to call sound or light a form of energy; they are phenomena that, among their other properties,
transfer energy from place to place and between objects.
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Grade Band Endpoints for PS3.A

By the end of grade 2. [Intentionally left blank.]

By the end of grade 5. The faster a given object is moving, the more energy it possesses. Energy can be moved
from place to place by moving objects or through sound, light, or electric currents. (Boundary: At this grade level, no
attempt is made to give a precise or complete definition of energy.)
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PS3.B: CONSERVATION OF ENERGY AND ENERGY TRANSFER

Essential Questions: What is meant by conservation of energy?
How is energy transferred between objects or systems?

The total change of energy in any system is always equal to the total energy transferred into or out of the
system. This is called conservation of energy. Energy cannot be created or destroyed, but it can be transported from
one place to another and transferred between systems. Many different types of phenomena can be explained in
terms of energy transfers. Mathematical expressions, which quantify changes in the forms of energy within a system
and transfers of energy into or out of the system, allow the concept of conservation of energy to be used to predict
and describe the behavior of a system.

When objects collide or otherwise come in contact, the motion energy of one object can be transferred to
change the motion or stored energy (e.g., change in shape or temperature) of the other objects. For macroscopic
objects, any such process (e.g., collisions, sliding contact) also transfers some of the energy to the surrounding air
by sound or heat. For molecules, collisions can also result in energy transfers through chemical processes, which
Increase or decrease the total amount of stored energy within a system of atoms; the change in stored energy is
always balanced by a change in total kinetic energy—that of the molecules present after the process compared with
the kinetic energy of the molecules present before it.

Energy can also be transferred from place to place by electric currents. Heating is another process for
transferring energy. Heat transfer occurs when two objects or systems are at different temperatures. Energy moves
out of higher temperature objects and into lower temperature ones, cooling the former and heating the latter. This
transfer happens in three different ways—by conduction within solids, by the flow of liquid or gas (convection), and
by radiation, which can travel across space. Even when a system is isolated (such as Earth in space), energy is
continually being transferred into and out of it by radiation. The processes underlying convection and conduction can
be understood in terms of models of the possible motions of particles in matter.
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Radiation can be emitted or absorbed by matter. When matter absorbs light or infrared radiation, the energy of
that radiation is transformed to thermal motion of particles in the matter, or, for shorter wavelengths (ultraviolet, X-
ray), the radiation’s energy is absorbed within the atoms or molecules and may possibly ionize them by knocking out
an electron.

Uncontrolled systems always evolve toward more stable states—that is, toward more uniform energy
distribution within the system or between the system and its environment (e.g., water flows downhill, objects that are
hotter than their surrounding environment cool down). Any object or system that can degrade with no added energy
Is unstable. Eventually it will change or fall apart, although in some cases it may remain in the unstable state for a
long time before decaying (e.g., long-lived radioactive isotopes).

Grade-Level Endpoints for PS3.B

By the end of grade 2. Sunlight warms Earth’s surface.

By the end of grade 5. Energy is present whenever there are moving objects, sound, light, or heat. When objects
collide, energy can be transferred from one object to another, thereby changing their motion. In such collisions,
some energy is typically also transferred to the surrounding air; as a result, the air gets heated and sound is
produced.

Light also transfers energy from place to place. For example, energy radiated from the sun is transferred to Earth
by light. When this light is absorbed, it warms Earth’s land, air, and water and facilitates plant growth.

Energy can also be transferred from place to place by electric currents, which can then be used locally to
produce motion, sound, heat, or light. The currents may have been produced to begin with by transforming the
energy of motion into electrical energy (e.g., moving water driving a spinning turbine which generates electric
currents).
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PS3.C RELATIONSHIP BETWEEN ENERGY AND FORCES

Essential Question: How are forces related to energy?

When two objects interact, each one exerts a force on the other. These forces can transfer energy between
the objects. Forces between two objects at a distance are explained by force fields (gravitational, electric, or
magnetic) between them. Contact forces between colliding objects can be modeled at the microscopic level as due
to electromagnetic force fields between the surface particles. When two objects interacting via a force field change
their relative position, the energy in the force field between them changes. For any such pair of objects the force on
each object acts in the direction such that motion of that object in that direction would reduce the energy in the force
field between the two objects. However, prior motion and other forces also affect the actual direction of motion.

Patterns of motion, such as a weight bobbing on a spring or a swinging pendulum, can be understood in terms
of forces at each instant or in terms of transformation of energy between the motion and one or more forms of stored
energy. Elastic collisions between two objects can be modeled at the macroscopic scale using conservation of
energy without having to examine the detailed microscopic forces.

Grade Band Endpoints for PS3.C

By the end of grade 2. A bigger push or pull makes things go faster. Faster speeds during a collision can cause a
bigger change in shape of the colliding objects.

By the end of grade 5. When objects collide, the contact forces transfer energy so as to change the objects’
motions. Magnets can exert forces on other magnets or on magnetizable materials, causing energy transfer
between them (e.g., leading to changes in motion) even when the objects are not touching.
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PS3.D: ENERGY IN CHEMICAL PROCESSES AND EVERYDAY LIFE

Essential Questions: How do food and fuel provide energy?
If energy is conserved, why do people say it is produced or used?

In ordinary language, people speak of “producing” or “using” energy. This refers to the fact that energy in
concentrated form is useful for generating electricity, moving or heating objects, and producing light, whereas diffuse
energy in the environment is not readily captured for practical use. Therefore, to produce energy typically means to
convert some stored energy into a desired form—for example, the stored energy of water behind a dam is released
as the water flows downhill and drives a turbine generator to produce electricity, which is then delivered to users
through distribution systems. Food, fuel, and batteries are especially convenient energy resources because they can
be moved from place to place to provide processes that release energy where needed. A system does not destroy
energy when carrying out any process. However, the process cannot occur without energy being available. The
energy is also not destroyed by the end of the process. Most often some or all of it has been transferred to heat the
surrounding environment; in the same sense that paper is not destroyed when it is written on, it still exists but is not
readily available for further use.

Naturally occurring food and fuel contain complex carbon-based molecules, chiefly derived from plant matter
that has been formed by photosynthesis. The chemical reaction of these molecules with oxygen releases energy;
such reactions provide energy for most animal life and for residential, commercial, and industrial activities.

Electric power generation is based on fossil fuels (i.e., coal, oil, and natural gas), nuclear fission, or renewable
resources (e.g., solar, wind, tidal, geothermal, and hydro power). Transportation today chiefly depends on fossil
fuels, but the use of electric and alternative fuel (e.g., hydrogen, biofuel) vehicles is increasing. All forms of
electricity generation and transportation fuels have associated economic, social, and environmental costs and
benefits, both short and long term. Technological advances and regulatory decisions can change the balance of
those costs and benefits.

Blue Valley Education Services 26



Blue Valley K-5 Science

Although energy cannot be destroyed, it can be converted to less useful forms. In designing a system for
energy storage, for energy distribution, or to perform some practical task (e.g., to power an airplane), it is important
to design for maximum efficiency—thereby ensuring that the largest possible fraction of the energy is used for the
desired purpose rather than being transferred out of the system in unwanted ways (e.g., through friction, which
eventually results in heat energy transfer to the surrounding environment). Improving efficiency reduces costs,
waste materials, and many unintended environmental impacts.

Grade Band Endpoints for PS3.D

By the end of grade 2. When two objects rub against each other, this interaction is called friction. Friction between
two surfaces can warm of both of them (e.g., rubbing hands together). There are ways to reduce the friction
between two objects.

By the end of grade 5. The expression “produce energy” typically refers to the conversion of stored energy into a
desired form for practical use—for example, the stored energy of water behind a dam is released so that it flows
downhill and drives a turbine generator to produce electricity. Food and fuel also release energy when they are
digested or burned. When machines or animals “use” energy (e.g., to move around), most often the energy is
transferred to heat the surrounding environment.

The energy released by burning fuel or digesting food was once energy from the sun that was captured by plants
in the chemical process that forms plant matter (from air and water). (Boundary: The fact that plants capture energy
from sunlight is introduced at this grade level, but details of photosynthesis are not.)

It is important to be able to concentrate energy so that it is available for use where and when it is needed. For
example, batteries are physically transportable energy storage devices, whereas electricity generated by power
plants is transferred from place to place through distribution systems.
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Core ldea PS4

Waves and Their Applications in Technologies for Information Transfer

Essential Question: How are waves used to transfer energy and information?

Waves are a repeating pattern of motion that transfers energy from place to place without overall displacement of
matter. Light and sound are wavelike phenomena. By understanding wave properties and the interactions of
electromagnetic radiation with matter, scientists and engineers can design systems for transferring information
across long distances, storing information, and investigating nature on many scales—some of them far beyond
direct human perception.
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PS4.A: WAVE PROPERTIES

Essential Question: What are the characteristic properties and behaviors of waves?

Whether a wave in water, a sound wave, or a light wave, all waves have some features in common. A simple
wave has a repeating pattern of specific wavelength, frequency, and amplitude. The wavelength and frequency of a
wave are related to one another by the speed of travel of the wave, which, for each type of wave, depends on the
medium in which the wave is traveling. Waves can be combined with other waves of the same type to produce
complex information-containing patterns that can be decoded at the receiving end. Waves, which transfer energy
and any encoded information without the bulk motion of matter, can travel unchanged over long distances, pass
through other waves undisturbed, and be detected and decoded far from where they were produced. Information
can be digitized (converted into a numerical representation), sent over long distances as a series of wave pulses,
and reliably stored in computer memory.

Sound is a pressure wave in air or any other material medium. The human ear and brain working together are
very good at detecting and decoding patterns of information in sound (e.g., speech and music) and distinguishing
them from random noise.

Resonance is a phenomenon in which waves add up in phase (i.e., matched peaks and valleys), thus growing
in amplitude. Structures have particular frequencies at which they resonate when some time-varying force acting on
them transfers energy to them. This phenomenon (e.g., waves in a stretched string, vibrating air in a pipe) is used in
the design of all musical instruments and in the production of sound by the human voice.

When a wave passes an object that is small compared with its wavelength, the wave is not much affected; for
this reason, some things are too small to see with visible light, which is a wave phenomenon with a limited range of
wavelengths corresponding to each color. When a wave meets the surface between two different materials or
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conditions (e.g., air to water), part of the wave is reflected at that surface and another part continues on, but at a
different speed. The change of speed of the wave when passing from one medium to another can cause the wave to
change direction or refract. These wave properties are used in many applications (e.g., lenses, seismic probing of
Earth).

Grade Band Endpoints for PS4.A

By the end of grade 2. Waves, which are regular patterns of motion, can be made in water by disturbing the
surface. When waves move across the surface of deep water, the water goes up and down in place; it does not
move in the direction of the wave—observe, for example, a bobbing cork or seabird—except when the water meets
the beach. Sound can make matter vibrate, and vibrating matter can make sound.

By the end of grade 5. Waves of the same type can differ in amplitude (height of the wave) and wavelength
(spacing between wave peaks). Waves can add or cancel one another as they cross, depending on their relative
phase (i.e., relative position of peaks and troughs of the waves), but they emerge unaffected by each other.
(Boundary: The discussion at this grade level is qualitative only; it can be based on the fact that two different sounds
can pass a location in different directions without getting mixed up.)

Earthquakes cause seismic waves, which are waves of motion in Earth’s crust.
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PS4.B: ELECTROMAGNETIC RADIATION

Essential Questions: What is light?
How can one explain the varied effects that involve light?
What other forms of electromagnetic radiation are there?

Electromagnetic radiation (e.g., radio, microwaves, light) can be modeled as a wave pattern of changing
electric and magnetic fields or, alternatively, as particles. Each model is useful for understanding aspects of the
phenomenon and its inter-actions with matter, and quantum theory relates the two models. Electromagnetic waves
can be detected over a wide range of frequencies, of which the visible spectrum of colors detectable by human eyes
Is just a small part. Many modern technologies are based on the ma