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Distinguish between chemical and physical changes.

Major Understandings:
3.2a During a physical change a substance keeps its chemical composition and proper-
ties. Examples of physical changes include freezing, melting, condensation, boiling,
evaporation, tearing, and crushing.

3.2b Mixtures are physical combinations of materials and can be separated by physical
means.

3.2c During a chemical change, substances react in characteristic ways to form new
substances with different physical and chemical properties. Examples of chemical
changes include burning of wood, cooking of an egg, rusting of iron, and souring of
milk.

3.2d Substances are often placed in categories if they react in similar ways. Examples
include metals, nonmetals, and noble gases.

3.2e The Law of Conservation of Mass states that during an ordinary chemical reaction
matter cannot be created or destroyed. In chemical reactions, the total mass of the
reactants equals the total mass of the products. 

Develop mental models to explain common chemical reactions and changes in states of matter.

Major Understandings:
3.3a All matter is made up of atoms. Atoms are far too small to see with a light
microscope.

3.3b Atoms and molecules are perpetually in motion. The greater the temperature, the
greater the motion.

3.3c Atoms may join together in well-defined molecules or may be arranged in regular
geometric patterns.

3.3d Interactions among atoms and/or molecules result in chemical reactions.

3.3e The atoms of any one element are different from the atoms of other elements.

3.3f There are more than 100 elements. Elements combine in a multitude of ways to
produce compounds that account for all living and nonliving substances. Few elements
are found in their pure form.

3.3g The periodic table is one useful model for classifying elements. The periodic table
can be used to predict properties of elements (metals, nonmetals, noble gases).

PERFORMANCE
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Key Idea 4:
Energy exists in many forms, and when these forms change energy is conserved.

Introduction: An underlying principle of all energy use is the Law of Conservation of Energy. Simply stated, energy
cannot be created or destroyed.

Energy can be transformed, one form to another. These transformations produce heat energy. Heat is a calculated
value which includes the temperature of the material, the mass of the material, and the type of the material.
Temperature is a direct measurement of the average kinetic energy of the particles in a sample of material. It should
be noted that temperature is not a measurement of heat.

Describe the sources and identify the transformations of energy observed in everyday life.

Major Understandings:
4.1a The Sun is a major source of energy for Earth. Other sources of energy include
nuclear and geothermal energy.

4.1b Fossil fuels contain stored solar energy and are considered nonrenewable resources.
They are a major source of energy in the United States. Solar energy, wind, moving water,
and biomass are some examples of renewable energy resources.

4.1c Most activities in everyday life involve one form of energy being transformed into
another. For example, the chemical energy in gasoline is transformed into mechanical
energy in an automobile engine. Energy, in the form of heat, is almost always one of the
products of energy transformations.

4.1d Different forms of energy include heat, light, electrical, mechanical, sound, nuclear,
and chemical. Energy is transformed in many ways.

4.1e Energy can be considered to be either kinetic energy, which is the energy of
motion, or potential energy, which depends on relative position.

Observe and describe heating and cooling events.

Major Understandings:
4.2a Heat moves in predictable ways, flowing from warmer objects to cooler ones, until
both reach the same temperature.

4.2b Heat can be transferred through matter by the collisions of atoms and/or mole-
cules (conduction) or through space (radiation). In a liquid or gas, currents will facilitate
the transfer of heat (convection).

4.2c During a phase change, heat energy is absorbed or released. Energy is absorbed
when a solid changes to a liquid and when a liquid changes to a gas. Energy is released
when a gas changes to a liquid and when a liquid changes to a solid.

4.2d Most substances expand when heated and contract when cooled. Water is an
exception, expanding when changing to ice.

4.2e Temperature affects the solubility of some substances in water.

PERFORMANCE
INDICATOR 4.2
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Observe and describe energy changes as related to chemical reactions.

Major Understandings:
4.3a In chemical reactions, energy is transferred into or out of a system. Light, electric-
ity, or mechanical motion may be involved in such transfers in addition to heat.

Observe and describe the properties of sound, light, magnetism, and electricity.

Major Understandings:
4.4a Different forms of electromagnetic energy have different wavelengths. Some exam-
ples of electromagnetic energy are microwaves, infrared light, visible light, ultraviolet
light, X-rays, and gamma rays.

4.4b Light passes through some materials, sometimes refracting in the process.
Materials absorb and reflect light, and may transmit light. To see an object, light from
that object, emitted by or reflected from it, must enter the eye.

4.4c Vibrations in materials set up wave-like disturbances that spread away from the
source. Sound waves are an example. Vibrational waves move at different speeds in
different materials. Sound cannot travel in a vacuum.

4.4d Electrical energy can be produced from a variety of energy sources and can be
transformed into almost any other form of energy.

4.4e Electrical circuits provide a means of transferring electrical energy.

4.4f Without touching them, material that has been electrically charged attracts
uncharged material, and may either attract or repel other charged material.

4.4g Without direct contact, a magnet attracts certain materials and either attracts or
repels other magnets. The attractive force of a magnet is greatest at its poles.

Describe situations that support the principle of conservation of energy.

Major Understandings:
4.5a Energy cannot be created or destroyed, but only changed from one form into
another.

4.5b Energy can change from one form to another, although in the process some energy
is always converted to heat. Some systems transform energy with less loss of heat than
others.

PERFORMANCE
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Key Idea 5:
Energy and matter interact through forces that result in changes in motion.

Introduction: Examples of objects in motion can be seen all around us. These motions result from an interaction of
energy and matter. This interaction creates forces (pushes and pulls) that produce predictable patterns of change.
Common forces would include gravity, magnetism, and electricity. Friction is a force that should always be consid-
ered in a discussion of motion.

When the forces acting on an object are unbalanced, changes in that objectÕs motion occur. The changes could
include a change in speed or a change in direction. When the forces are balanced, the motion of that object will
remain unchanged. Understanding the laws that govern motion allows us to predict these changes in motion.

Describe different patterns of motion of objects.

Major Understandings:
5.1a The motion of an object is always judged with respect to some other object or
point. The idea of absolute motion or rest is misleading.

5.1b The motion of an object can be described by its position, direction of motion, and speed.

5.1c An objectÕs motion is the result of the combined effect of all forces acting on the
object. A moving object that is not subjected to a force will continue to move at a con-
stant speed in a straight line. An object at rest will remain at rest.

5.1d Force is directly related to an objectÕs mass and acceleration. The greater the force,
the greater the change in motion.

5.1e For every action there is an equal and opposite reaction.

Observe, describe, and compare effects of forces (gravity, electric current, and magnetism) on the
motion of objects.

Major Understandings:
5.2a Every object exerts gravitational force on every other object. Gravitational force
depends on how much mass the objects have and on how far apart they are. Gravity is
one of the forces acting on orbiting objects and projectiles.

5.2b Electric currents and magnets can exert a force on each other.

5.2c Machines transfer mechanical energy from one object to another.

5.2d Friction is a force that opposes motion.

5.2e A machine can be made more efficient by reducing friction. Some common ways of
reducing friction include lubricating or waxing surfaces.

5.2f Machines can change the direction or amount of force, or the distance or speed of
force required to do work. 

5.2g Simple machines include a lever, a pulley, a wheel and axle, and an inclined plane.
A complex machine uses a combination of interacting simple machines, e.g., a bicycle.
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