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PHYSICAL SCIENCE COURSE

This Physical Science course is designed to continue student investigations of the physical sciences that began in grades K-8 while providing students the experiences and necessary skills to have a richer knowledge base in physical science.  This course is designed as a survey course of chemistry and physics while being foundational in depth courses in Chemistry and Physics.  This course includes the more abstract concepts such as the conceptualization of the structure of atoms, motion and forces, and the conservation of energy and matter, the action/reaction principle, and wave behavior.  

Major Concepts:
Chemistry:

Atomic Theory

Atomic Structure

Periodicity

Bonding

Chemical Reactivity

Energy Transformations

Physics

Laws of motion and Force

Energy 

Electrical/Magnetic Forces

Waves

PHYSICAL SICENCE COURSE COMPETENCIES

Physical Science Standard 1: All living and non-living things are composed of matter having characteristic properties that distinguish one substance from another (independent of size/amount of substance.
[Atomic Theory], Composition, Properties

1. Students will understand that substances have distinct physical and chemical properties, resulting from their atomic arrangements that define how they interact with other substances.

2. Students will understand that atomic theory provides an explanation for the patterns found in the periodic table.

3. Students will understand that studying atomic structure is an ongoing process that builds upon the work of many scientists, while continuing to provide insights into the nature of matter.  

Physical Science Standard 2: Energy is necessary for change to occur in matter.  Energy can be stored, transferred and transformed but cannot be destroyed.
Change, Conservation, Energy
1. Students will understand that energy can neither be created nor destroyed but can be stored, transferred or transformed.

2. Students will understand that all energy can be considered to be kinetic energy, potential energy or energy contained by a field.
Physical Science Standard 3: The motion of an object is affected by a force.
Forces, Motion, [Energy Transfer]
1. Students will understand that when an unbalanced force acts on an object, the motion of the object changes.

2. Students will understand that electricity and magnetism are two aspects of a single electromagnetic force.

3. Students will understand that electromagnetic and mechanical waves transfer energy.

Physical Science Standard 4: The growth of scientific knowledge in Physical Science has been advanced through the development of technology and is used (alone or in combination with other sciences) to identify, understand, and solve local and global issues.
Design Technology, Tools, Social Issues, Career Technical Education Connection, [Communications Technology]

1. Students will understand that there is a synergy between the growth of scientific knowledge and the development of technology.

2. Students will understand that technology is used to identify, understand, and solve local and global issues.

3. Students will understand that communications technology involves the use of electromagnetic waves.

SCIENCE PROCESS SKILLS COMPETENCIES

NH Science Curriculum Framework

SPS 1: INQUIRY AND CRITICAL THINKING

Observations and questions

Designing investigations

Representing and understanding results

Evaluating those results

1. Students will understand the principles of the scientific method and how to apply them to answer questions and solve problems.

2. Students will understand that scientific progress is made by asking relevant questions, conducting careful investigations, and evaluating the validity of results.

SPS 2: UNIFYING CONCEPTS OF SCIENCE

Scientific method

Patterns of change

Form and function

Systems and energy

1. Students will understand that matter and energy cycle through living and nonliving systems following similar patterns.

2. Students will understand that energy and matter exist in multiple forms in all living and nonliving systems, and can flow within and between all systems.

SPS 3: EXPLORING THE WORLD

Collaboration

Common environmental issues

Science and technology design and application

1. Students will understand that technology is used to identify and address issues of daily life on a local and global scale.

SPS 4: PERSONAL, SOCIAL, AND TECHNOLOGICAL PERSPECTIVES
Collaboration in Scientific Endeavors

Common Environmental issues, natural resources, management and conservation

Science and Technology; technological design and application

(See competency for SPS 4 below.)

SPS 5: SCIENCE SKILLS FOR INFORMATION, COMMUNICATION, AND MEDIA LITERACY

Information and media literacy

Communication skills

Critical thinking


Problem identification formulation of solutions

Creativity and intellectual curiosity

Interpersonal and collaborative skills

Self-direction

Accountability and adaptability

Social responsibility

1.  Students will understand that current and future learning skills and tools are needed to become active and productive citizens in our global community. 
PHYSICAL SCIENCE
	Physical Science  Standard 1
	 

	All living and non-living things are composed of matter having characteristic properties that distinguish one substance from another (independent of size/amount of substance.

	Topics
	[Atomic Theory] Composition, Properties

	Competencies
	Students will understand that substances have distinct physical and chemical properties, resulting from their atomic arrangements that define how they interact with other substances.

Students will understand that atomic theory provides an explanation for the patterns found in the periodic table.

Students will understand that studying atomic structure is an ongoing process that builds upon the work of many scientists, while continuing to provide insights into the nature of matter.

	Knowledge/Content 
	Composition

1. Recognize and describe the structure of an atom and explain how the major components interact with one another.

2. [Recognize and describe the modern and historical models of atomic  

      structure.]
3. Recognize how elements are arranged in the periodic table, and explain  

      how this arrangement illustrates the repeating patterns among elements      

             with similar properties, such as the relationship between atomic number  

      and atomic mass.
4. Explain that neutrons and protons are made up of even smaller  

      constituents.
5. Define isotopes, recognize that most elements have two or more  

       isotopes, and explain that although the number of neutrons has little  

       affect on how the atom interacts with others, they do affect the mass and 
       stability of the nucleus.
6. Scientific thought about atoms has changed over time. Using information  

       (narratives or models of atoms) provided, cite evidence that changed our  

       understanding of the atom and the development of atomic theory.
7. Model and explain the structure of an atom or explain how an atom’s 
       electron configuration, particularly the outermost electron(s), 
       determines how that atom can interact with other atoms.
Properties

1. Explain that the physical properties of a compound are determined by its molecular structure and the interactions among the molecules.

2. Determine whether an atom is either electrically neutral or an ion by referring to the its number of electrons.

3. Explain how the chemical properties of an element are governed by the electron configuration of atoms, and describe how atoms interact with one another by transferring or sharing the outermost electrons. 

4. Explain that radioactive materials are unstable and undergo spontaneous nuclear reactions, which emit particles and/or wavelike radiation.

5. Explain that states of matter rely on the arrangement and motion of molecules, and differentiate between the structures of solids, liquids, and gases.
6. Use physical and chemical properties as determined through an investigation to identify a substance.
7.  Explain how properties of elements and the location of elements on the periodic table are related.

	Skills
	Recommended skills: Students will safely use chemicals and laboratory equipment to investigate chemical properties.  Student will be able to accurately use reference materials; Students will accurately use qualitative and quantitative data in the analysis of chemical and physical properties and changes of matter.

	Sample Performance Assessment (SPA) 
 #1
	Students will create a three-dimensional or virtual model to demonstrate the atomic structure of an element.  The student will use the model to demonstrate the electron sharing or exchange that occurs as the element bonds with another element, and locate the element in the periodic table.

	Topics in SPA #1
	Composition, properties

	Science Process Skill Addressed
in SPA #1
	Students will understand that energy and matter exist in multiple forms in all living and nonliving systems, and can flow within and between all systems.

Students will understand that scientific progress is made by asking relevant questions, conducting careful investigations, and evaluating the validity of results.

Students will understand that current and future learning skills and tools are needed to become active and productive citizens in our global community.

	Science Competency addressed in SPA #1
	Students will understand that atomic theory provides an explanation for the patterns found in the periodic table.

Students will understand that substances have distinct physical and chemical properties, resulting from their atomic arrangements that define how they interact with other substances.

	SPA #1Rubric

	Level 4
	Level 3
	Level 2
	Level 1

	The model correctly depicts the atomic structure.  The student uses the model to describe how the element bonds with other elements and the element’s reactivity based on its electron configuration. Additionally, the student uses the structure to identify the element’s location in the periodic table, and describe the element’s properties based on this location
	The model correctly depicts the atomic structure.  The student uses the model to describe how the element bonds with another element.  Additionally, the student uses the structure to identify the element’s location in the periodic table, and describe the element’s properties based on this location.
	The model correctly depicts the atomic structure.  The student describes properties of the element based on its location in the periodic table.
	The model correctly depicts the relative numbers of subatomic particles.  The student identifies some chemical or physical properties of the element


PHYSICAL SCIENCE
	Physical Science  Standard 2
	

	Energy is necessary for change to occur in matter.  Energy can be stored, transferred and transformed but cannot be destroyed.


	Topics
	Change, Conservation, Energy

	Competencies
	Students will understand that energy can neither be created nor destroyed but can be stored, transferred or transformed.

Students will understand that all energy can be considered to be kinetic energy, potential energy or energy contained by a field.


	Knowledge/Content 
	Change

1. Recognize and explain that atoms may be bonded together into molecules or formula units (crystalline solids).

2. Recognize that atoms interact with one another by transferring or sharing electrons that are furthest from the nucleus and explain that the outer electrons govern the chemical properties of an element.
3. Explain that compounds are formed through both ionic and covalent bonding. 

4. Recognize that the rates of chemical reactions can vary greatly, and identify the factors that influence these reaction rates, such as how often the reacting atoms and molecules encounter one another, the temperature, and the properties of the reacting species, including shape.

5. Explain relationships between and among electric charges, magnetic fields, electromagnetic forces, and atomic particles.

Conservation

1. Explain that chemical reactions either release or consume   energy.

2. Explain that chemical reactions can be accelerated by catalysts, such as enzymes. 
3. Recognize that a large number of important reactions involve the transfer of either electrons or hydrogen ions between reacting ions, molecules, or atoms.

4. Identify the variety of structures that may be formed from the bonding of carbon atoms, and describe their roles in various chemical reactions, including those required for life processes. Identify the variety of structures that may be formed from the bonding of carbon atoms, and describe their roles in various chemical reactions, including those required for life processes. 
5. Demonstrate how transformations of energy produce some energy in the form of heat and therefore the efficiency of the system is reduced (chemical, biological, and physical systems).
Energy

1. Explain that all energy can be considered to be either, kinetic energy, potential energy, or energy contained by a field.  

2. Provide examples of how kinetic and potential energy can be transformed from one to the other. 

3. Describe how the energy associated with individual atoms and molecules can be used to identify the substances they comprise; and explain that each kind of atom or molecule can gain or lose energy only in particular discrete amounts, absorbing and emitting light only at wavelengths corresponding to these amounts.

4. Explain the range of the electromagnetic spectrum as it relates to both wavelength and energy, and provide examples of practical applications of the different wavelengths in the spectrum. 

5. Recognize that the human eye can only see a narrow range of wavelengths within the electromagnetic spectrum; and explain how the variations of wavelength within that range of visible light are perceived as differences in color.

6. Describe the relationship between heat and temperature, explaining that heat energy consists of the random motion and vibrations of atoms, molecules, and ions and that the higher the temperature, the greater the atomic or molecular motion.

7. Explain that waves, such as light, seismic, sound waves, have energy and can transfer energy when they interact with matter. 

8. Explain that nuclear reactions convert a fraction of the mass of interacting particles into energy and release much greater amounts of energy than atomic interactions. 

9. Describe how electrons flow easily in some materials, such as metals, whereas in insulating materials, such as glass, they can hardly flow at all. (PS2)-11-3.10 Using information provided about chemical changes, draw conclusions about the energy flow in a given chemical reaction (e.g., exothermic reactions, endothermic reactions).

	Skills
	Recommended skills:  Students will safely use chemicals and laboratory equipment to investigate chemical and physical properties.  Student will be able to accurately use reference materials; Students will accurately use qualitative and quantitative data in the analysis of chemical and physical properties of matter and changes in energy.


	Sample Performance Assessment (SPA)  #1
	The student will design, build and analyze a roller coaster, which includes a specified loop, and ride length. The design of the coaster should minimize the velocity of the car at the end of the ride.


	Topics in SPA #1

	Change, Conservation, Energy


	Science Process Skill 

Addressed in SPA #1

	Students will understand that scientific progress is made by asking relevant questions, conducting careful investigations, and evaluating the validity of results.

Students will understand that matter and energy cycle through living and nonliving systems following similar patterns.

Students will understand that energy and matter exist in multiple forms in all living and nonliving systems, and can flow within and between all systems.

Students will understand that technology is used to identify and address issues of daily life on a local and global scale..

Students will understand that current and future learning skills and tools are needed to become active and productive citizens in our global community. 

	Science Competency addressed in SPA #1

	Students will understand that energy can neither be created nor destroyed but can be stored, transferred or transformed.

Students will understand that all energy can be considered to be kinetic energy, potential energy or energy contained by a field.

Students will understand that there is a synergy between the growth of scientific knowledge and the development of technology.

Students will understand that technology is used to identify, understand, and solve local and global issues.



	SPA #1Rubric
Level 4
Level 3
Level 2
Level 1
The student built a coaster that met the design specifications.  Student was able to measure potential and kinetic energy at various points along the ride.  The student quantified the energy conversion at various points along the ride. The student analyzed the energy loss due to friction.  The student provided evidence of how the design minimized the final velocity of the car.

The student built a coaster that met the design specifications.  Student measured potential and kinetic energy at various points along the ride.  The student quantified the energy conversion within the loop.

The student built a coaster that met the design specifications. The car successfully traversed the full length of the coaster ride.  Student qualitatively described energy conversions in the ride.  

The student built a coaster that met the design specifications. The car successfully traversed the full length of the coaster ride.



	


PHYSICAL SCIENCE
	Physical Science  Standard 3
	

	The motion of an object is affected by a force.

	Topics
	Forces, Motion, [Energy transfer]

	Competencies
	Students will understand that when an unbalanced force acts on an object, the motion of the object changes.

Students will understand that electricity and magnetism are two aspects of a single electromagnetic force.

Students will understand that electromagnetic and mechanical waves transfer energy.

	Knowledge/Content 
	Forces

1. Explain that magnetic forces are related to the action of electrons and can be thought of as different aspects of a single electromagnetic force; and describe how the interplay of these forces is the basis for electric motors, generators, radio, television, and many other modern technologies. 

2. Recognize that the strength of the electric force between two charged objects is proportional to the charges and, as with gravitation, is inversely proportional to the square of the distance between them.

3. Recognize that the strength of the gravitational force between two masses is proportional to the masses and inversely proportional to the square of the distance between them. 

4. Compare the strength of nuclear, electromagnetic and gravitational forces; and explain that the strength of nuclear forces account for the great amounts of energy released from the nuclear reactions in atomic or hydrogen bombs, and in the Sun and other stars. 

5. Recognize that electromagnetic forces exist within and between atoms.

6. Recognize that different kinds of materials respond to electric forces in various ways, and differentiate between insulators, semiconductors, conductors and superconductors.

7. Describe the difference between materials that contain equal proportions of positive and negative charges and those that have a very small excess or deficit of negative charges. 

8. Given information (e.g., graphs, data, diagrams), use the relationships between or among force, mass, velocity, momentum, acceleration to predict and explain the motion of objects.
Motion

1. Interpret and apply the laws of motion to determine the effects of forces on the motion of objects.

2. Recognize that apparent changes in wavelength can provide information about changes in motion, explain that the observed wavelength of a wave depends upon the relative motion of the source and the observer, and relates these to the differences between shorter and longer wavelengths.
3. Apply the concepts of inertia, motion, and momentum to predict and explain situations involving forces and motion, including stationary objects and collisions. 

4. Explain the effects on wavelength and frequency as electromagnetic waves interact with matter (e.g., light diffraction, blue sky).
[Energy transfer}

1. Recognize that all waves transfer energy.
2. Relate frequency and wavelength to the energy of different types of electromagnetic waves and mechanical waves.
3. Compare and contrast the characteristics of electromagnetic and mechanical waves.
4. Describe the phenomena of reflection, refraction, interference, and diffraction.
5. Explain the speed of sound in different media.
6. {Explain the Doppler effect in terms of every day interactions.]

	Skills
	Recommended skills: accurate use of measurement equipment found in the laboratory; proficiency in use of excel worksheets or software used in measuring acceleration and forces; ability to construct vehicles and tracks either with use of equipment or virtually.

	Sample Performance Assessment (SPA)  #1
	Design, build, and analyze a vehicle that maximizes acceleration over a given distance.

	Topics in SPA #1
	Forces, Motion

	Science Process Skill 

Addressed in SPA #1
	Students will understand the principles of the scientific method and how to apply them to answer questions and solve problems.

Students will understand that scientific progress is made by asking relevant questions, conducting careful investigations, and evaluating the validity of results.

Students will understand that current and future learning skills and tools are needed to become active and productive citizens in our global community.

	Science Competency addressed in SPA #1
	Students will understand that when an unbalanced force acts on an object, the motion of the object changes

	SPA #1 Rubric

	Level 4
	Level 3
	Level 2
	Level 1

	The student designed and built a vehicle that traveled the distance. The student was able to measure and calculate unbalanced forces and acceleration. The student manipulated variables to achieve greater acceleration.  The student provided evidence of how various factors affect acceleration.
	The student designed and built a vehicle that traveled the distance. Student was able to measure and calculate unbalanced force on the car and acceleration.  The student manipulated variables to achieve greater acceleration.
	The student designed and built a vehicle that traveled the distance. Student was able to measure and calculate unbalanced force on the car and acceleration. 
	The student designed and built a vehicle that traveled the distance. Student was unable to measure and calculate unbalanced force and acceleration.


PHYSICAL SCIENCE
	Physical Science  Standard 4
	

	The growth of scientific knowledge in Physical Science has been advanced through the development of technology and is used (alone or in combination with other sciences) to identify, understand, and solve local and global issues.

	Topics
	Design technology, Tools, Social Issues (local & global), Energy, power, and transportation. [Communications technology]

	Competencies
	Students will understand that there is a synergy between the growth of scientific knowledge and the development of technology.

Students will understand that technology is used to identify, understand, and solve local and global issues.

Students will understand that communications technology involves the use of electromagnetic waves.

	Knowledge/Content 
	Design technology

1. Recognize the basic principles of energy, work and power are related to design technology.

Tools

1.  Identify tools, such as thermostats and thermal sensors, and explain their use in environmental control systems.  

Social Issues

1 Explain that power systems have a source of energy, a process, loads, and some have a feedback system. 

2 Demonstrate and explain how an engine converts chemical energy in the form of fuel, into mechanical energy in the form of motion.

3 Calculate the efficiency of an engine, and explain why a perfectly efficient engine is impossible.

4 Explain the relationship between energy and power.

5 Explain the benefits of standardization of parts. 

Career Technical Education Connections

1 Explain the kinds of applications of knowledge and skills necessary for jobs/careers specific to the physical sciences.
[Communications technology}
1 Explain the sending and receiving of electromagnetic waves using optical fiber, analog and digital waves, and microwave.

	Skills
	Recommended skills: accurate use of measurement equipment found in the laboratory; proficiency in use of excel worksheets or software used in measuring application of scientific concepts.


	Sample Performance Assessment (SPA)  #1
	Create a multimedia presentation that describes the technology needed to use an energy source for personal transportation.

	Topics in SPA #1
	Design technology, Tools, Social Issues (local & global), Energy, power, and transportation.

	Science Process Skill 

Addressed in SPA #1
	Students will understand that scientific progress is made by asking relevant questions, conducting careful investigations, and evaluating the validity of results.

Students will understand that matter and energy cycle through living and nonliving systems following similar patterns.

Students will understand that energy and matter exist in multiple forms in all living and nonliving systems, and can flow within and between all systems.

Students will understand that technology is used to identify and address issues of daily life on a local and global scale..

Students will understand that current and future learning skills and tools are needed to become active and productive citizens in our global community.

	Science Competency addressed in SPA #1
	Students will understand that there is a synergy between the growth of scientific knowledge and the development of technology.

Students will understand that technology is used to identify, understand, and solve local and global issues.



	SPA #1 Rubric

	Level 4
	Level 3
	Level 2
	Level 1

	The student creates a multimedia presentation that identifies the source of energy and the mode of transportation. The presentation clearly explains the technology needed to produce and store the energy and to convert it to a usable form. The presentation analyzes the social, environmental, and economic implications of that technology. 
	The student creates a multimedia presentation that identifies the source of energy and the mode of transportation.  The presentation clearly explains the technology needed to produce and store the energy and to convert it to a usable form.
	The student creates a multimedia presentation that identifies the source of energy and the mode of transportation.  The presentation identifies some of the technology needed to use the energy source.
	The student creates a multimedia presentation that identifies the source of energy and the mode of transportation.
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