Science Subject Matter Requirements Matrix (2009)

	Domains for General Science
	Coursework, Assignments, Assessments
	Reviewers Comments

	Domain 1. Astronomy
	
	

	1.1 Astronomy

a. Describe the chemical composition and physical structure of the universe

b. Describe the structure of the solar system and its place in the Milky Way galaxy

c. Distinguish between stars and planets

d. Recognize that stars vary in color, size, and luminosity

e. Describe a simple model of how fusion in stars produces heavier elements and results in the production of energy, including light

f. Describe the regular and predictable patterns of stars and planets in time and location

g. Explain and predict changes in the moon’s appearance (phases)

h. Describe the use of astronomical instruments in collecting data, and use astronomical units and light years to describe distances
	
	

	Domain 2. Dynamic Processes of the Earth
	
	

	2.1 Tectonic Processes and Features

a. Diagram the features that provide evidence for plate tectonics

b. Summarize the thermal processes driving plate movement

c. Explain how density and buoyancy are related to plate tectonics

d. Describe types of plate boundaries

e. Relate the causes of volcanoes, earthquakes, and earth resources to tectonic processes

f. Summarize earthquake processes in terms of epicenter, focal mechanism, distance, and materials, and the role various factors play in the amount of damage caused by an earthquake
	
	

	2.2 Rock Formation 

a. Diagram and explain the rock cycle

b. Describe relative and absolute dating techniques, including how half-lives are used in radiometric dating
	
	

	2.3  Shaping Earth’s Surface: Surficial Processes and Features

a. Describe the dynamic processes of erosion, deposition, and transport
	
	

	Domains for General Science
	Coursework, Assignments, Assessments
	Reviewers Comments

	b. Describe coastal processes including beach erosion and natural hazards

c. Describe the effects of natural hazards, including earthquakes, volcanic eruptions, landslides, and floods, on natural and human-made habitats and environmental and human responses to those events
	
	

	2.4  Energy in the Earth System

a. Diagram the water cycle and describe interrelationships of surface and sub-surface reservoirs

b. Explain daily and seasonal changes in the sky (i.e., the sun’s position and the intensity and duration of sunlight)

c. Analyze the uneven heating of Earth by the sun

d. Discuss the effects of air movements on weather

e. Describe the energy transfer processes of convection, conduction, and radiation in relation to the atmosphere/ocean and Earth’s interior structure

f. Interpret weather maps to predict weather patterns
	
	

	Domain 3. Earth Resources
	
	

	3.1 Earth Resources

a. Describe a variety of energy resources, including fossil fuels, nuclear fuels, solar, and biomass

b. Recognize earth materials as resources (e.g., rocks, minerals, soils, and water)

c. Identify resources as renewable vs. nonrenewable

d. Compare extraction and recycling in relation to energy, cost, and demand

e. Explain sustainable uses of resources with respect to utility, cost, human population, and environmental consequences
	
	

	Domain 4. Ecology
	
	

	4.1 Ecology

a. Explain energy flow and nutrient cycling through ecosystems (e.g., food chain, food web)
b. Explain matter transfer (e.g., biogeochemical cycles) in ecosystems
c. Distinguish between abiotic and biotic factors in an ecosystem
d. Compare the roles of photosynthesis and respiration in an ecosystem
	
	

	Domains for General Science
	Coursework, Assignments, Assessments
	Reviewers Comments

	e. Describe interrelationships within and among ecosystems (e.g.,  predator/prey)
f. Identify and explain factors that affect population types and size (e.g., competition for resources, niche, habitats, species and population interactions, abiotic factors)
	
	

	Domain 5. Genetics and Evolution
	
	

	5.1 Genetics and Evolution

a. Explain the inheritance of traits which are determined by one or more genes, including dominance, recessiveness, sex linkage, phenotypes, genotypes, and incomplete dominance

b. Solve problems that illustrate monohybrid and dihybrid crosses

c. Compare sexual and asexual reproduction

d. Explain how the coding of DNA (deoxyribonucleic acid) controls the expression of traits by genes 

e. Define mutations and explain their causes

f. Explain the process of DNA replication

g. Describe evidence, past and present, that supports the theory of evolution, including diagramming relationships that demonstrate shared characteristics of fossil and living organisms

h. Explain the theory of natural selection, including adaptation, speciation, and extinction

i. List major events that affected the evolution of life on Earth (e.g., climate changes, asteroid impacts)
	
	

	Domain 6. Molecular Biology and Chemistry
	
	

	6.1 Biology and Biochemistry

a. Demonstrate understanding that a small subset of elements (C, H, O, N, P, S) makes up most of the chemical compounds in living organisms by combining in many ways

b. Recognize and differentiate the structure and function of molecules in living organisms, including carbohydrates, lipids, proteins, and nucleic acids

c. Describe the process of protein synthesis, including transcription and translation

d. Compare anaerobic and aerobic respiration
	
	

	Domains for General Science
	Coursework, Assignments, Assessments
	Reviewers Comments

	e. Describe the process of photosynthesis
	
	

	Domain 7. Cell and Organismal Biology
	
	

	7.1 Cell and Organismal Biology

a. Describe organelles and explain their function in the cell

b. Relate the structure of organelles and cells to their functions

c. Identify and contrast animal and plant cells

d. Explain the conversion, flow, and storage of energy of the cell

e. Identify the function and explain the importance of mitosis and meiosis as processes of cellular and organismal reproduction

f. Compare single-celled and multicellular organisms, noting the role of cell differentiation in the development of multicellular organisms

g. Describe the levels of organization (e.g., cells, tissues, organs, systems, organisms) in plants and animals

h. Describe the structures and functions of human body systems, including, but not limited to, the skeletal, reproductive, nervous, and circulatory systems

i. Explain the major structures and their functions in vascular and nonvascular plants

j. Describe the life processes of various plant groups, including, but not limited to, reproduction, photosynthesis, respiration, and transpiration

k. Explain the reproductive processes in flowering plants
	
	

	Domain 8. Waves
	
	

	8.1 Waves

a. Compare the characteristics of sound, light, and seismic waves (e.g., transverse/longitudinal, travel through various media, relative speed)

b. Explain that energy is transferred by waves without mass transfer and provide examples

c. Explain how lenses are used in simple optical systems, including the camera, telescope, microscope, and the eye

d. Explain and apply the laws of reflection and refraction

e. Compare transmission, reflection, and absorption of light in matter
	
	


	Domains for General Science
	Coursework, Assignments, Assessments
	Reviewers Comments

	Domain 9. Forces and Motion
	
	

	9.1 Forces and Motion

a. Discuss and apply Newton’s laws (i.e., first, second, third, and law of universal gravitation)

b. Define pressure and relate it to fluid flow and buoyancy (e.g., heart valves, atmospheric pressure) 

c. Describe the relationships among position, distance, displacement, speed, velocity, acceleration, and time, and perform simple calculations using these variables for both linear and circular motion

d. Identify the separate forces that act on a body (e.g., gravity, pressure, tension/compression, normal force, friction) and describe the net force on the body

e. Construct and analyze simple vector and graphical representations of motion and forces (e.g., distance, speed, time)

f. Identify fundamental forces, including gravity, nuclear forces, and electromagnetic forces (magnetic and electric), and explain their roles in nature, such as the role of gravity in maintaining the structure of the universe

g. Explain and calculate mechanical advantages for levers, pulleys, and inclined planes
	
	

	Domain 10. Electricity and Magnetism
	
	

	10.1  Electricity and Magnetism

a. Describe and provide examples of electrostatic and magnetostatic phenomena

b. Predict charges or poles based on attraction/repulsion observations

c. Build a simple compass and use it to determine direction of magnetic fields, including the Earth’s magnetic field

d. Relate electric currents to magnetic fields and describe the application of these relationships, such as in electromagnets, electric current generators, motors, and transformers

e. Design and interpret simple series and parallel circuits

f. Define and calculate power, voltage differences, current, and resistance in simple circuits
	
	


	Domains for General Science
	Coursework, Assignments, Assessments
	Reviewers Comments

	Domain 11. Heat Transfer and Thermodynamics
	
	

	11.1 Heat Transfer and Thermodynamics

a. Know the principle of conservation of energy and apply it to energy transfers

b. Discuss how the transfer of energy as heat is related to changes in temperature

c. Diagram the direction of heat flow in a system

d. Describe the methods of heat transfer by conduction, convection, and radiation, and provide examples for each

e. Explain how chemical energy in fuel is transformed to heat

f. Design and explain experiments to induce a physical change such as freezing, melting, or boiling

g. Distinguish between physical and chemical changes and provide examples of each
	
	

	Domain 12. Structure and Properties of Matter
	
	

	12.1 Structure and Properties of Matter

a. Identify, describe, and diagram the basic components within an atom (i.e., proton, neutron, and electron)
b. Know that isotopes of any element have different numbers of neutrons but the same number of protons, and that some isotopes are radioactive

c. Differentiate between atoms, molecules, elements, and compounds

d. Compare and contrast states of matter and describe the role energy plays in the conversion from one state to another

e. Discuss the physical properties of matter including structure, melting point, boiling point, hardness, density, and conductivity

f. Recognize that all chemical substances are characterized by a unique set of physical properties

g. Define and calculate density, and predict whether an object will sink or float in a fluid

h. Explain that chemical changes in materials result in the formation of a new substance corresponding to the rearrangement of the atoms in molecules

i. Explain and apply principles of
	
	


	Domains for General Science
	Coursework, Assignments, Assessments
	Reviewers Comments

	conservation of matter to chemical reactions, including balancing chemical equations

j. Distinguish among acidic, basic, and neutral solutions by their observable properties
k. Describe the construction and organization of the periodic table
l. Based on position in the periodic table, predict which elements have characteristics of metals, semi-metals, non-metals, and inert gases
m. Explain chemical reactivity using position on the periodic table
n. Predict and explain chemical bonding using elements’ positions in the periodic table
o. Recognize that inorganic and organic compounds (e.g., water, salt, carbohydrates, lipids, proteins, nucleic acids) are essential to processes within living systems
p. Explain the central role of carbon in living system chemistry
	
	

	Domains for Biology
	
	

	Domain 1. Cell Biology and Physiology
	
	

	1.1 Prokaryotic and Eukaryotic Cells

a. Compare prokaryotic cells, eukaryotic cells, and viruses in terms of complexity, general structure, differentiation, and their requirements for growth and replication
	
	

	1.2 Cellular Reproduction

a. Describe the stages of the cell cycle 

b. Diagram and describe the stages of the mitotic process
	
	

	1.3 Plant and Animal Cell Anatomy and Physiology

a. Diagram the structure of the cell membrane and relate the structure to its function

b. Explain methods of transport across the membrane (e.g., diffusion, active transport, endocytosis and exocytosis)

c. Explain the role of semipermeable membranes in cellular communication

d. Explain the role of the endoplasmic reticulum and Golgi apparatus in the secretion of proteins
e. Explain the role of chloroplasts in
	
	


	Domains for Biology
	Coursework, Assignments, Assessments
	Reviewers Comments

	obtaining and storing usable energy
f. Explain the role of mitochondria in cellular respiration 

g. Explain the role of enzymes in chemical reactions and describe an experiment to test the catalytic role of enzymes and factors that affect enzyme activity (e.g., levels of protein organization, temperature, ionic conditions, concentration of enzyme and substrate, pH) 

h. Explain anabolic and catabolic pathways involved in the metabolism of macromolecules (e.g., polysaccharides, nucleic acids, proteins, lipids)
	
	

	1.4 Integration and Control of Human Organ Systems

a. Relate the complementary activity of major body systems (e.g., circulatory, digestive, respiratory, excretory) to provide cells with oxygen and nutrients and remove waste products

b. Explain and analyze the role of the nervous system in mediating communication between different parts of the body and the body’s interactions with the environment

c. Explain the homeostatic role of the major organs (e.g., kidneys, heart, brain)

d. Explain the function of feedback loops in the nervous and endocrine systems to regulate conditions in the body and predict the effects of disturbances on these systems

e. Explain the role of hormones (e.g., digestive, reproductive, osmoregulatory) in providing internal feedback mechanisms for homeostasis at the cellular level and in whole organisms

f. Describe the role of the musculo-skeletal system in providing structure, support, and locomotion to the human organism
	
	

	1.5  Physiology of the Immune System

a. Explain the humoral response to infection

b. Compare cell mediated and humoral responses to infection

c. Explain how vaccination works and distinguish among variables affecting success rate
d. Predict the consequences of a
	
	


	Domains for Biology
	Coursework, Assignments, Assessments
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	compromised immune system [e.g., AIDS (Acquired Immune Deficiency Syndrome)
	
	

	Domain 2. Genetics
	
	

	2.1 Chromosome Structure and Function 

a. Relate the structure and function of DNA, RNA (ribonucleic acid), and proteins to the concept of variation in organisms

b. Describe chromosome structure as a sequence of genes each with a specific locus
	
	

	2.2 Patterns of Inheritance

a. Explain the necessity of both meiosis and fertilization in promoting variation

b. Describe the role of chromosomes in determining phenotypes (e.g., sex determination, chromosomal aberrations)

c. Predict the probable outcome of phenotypes in a genetic cross from the genotypes of the parents and mode of inheritance (e.g., autosomal or X-linked, dominant or recessive, co-dominance)

d. Explain the genetic and cellular bases for Mendel’s laws of dominance, segregation and independent assortment
	
	

	2.3 Gene Expression

a. Explain how random chromosome segregation explains the probability that a particular allele will be in a gamete

b. Recognize that specialization of cells in multicellular organisms is usually due to different patterns of gene expression rather than to differences among the genes themselves

c. Describe how alleles that are lethal in a homozygous individual may be carried in a heterozygote and thus maintained in a gene pool

d. Distinguish when and why mutations in the DNA sequence of a gene may or may not affect the expression of the gene or the sequence of amino acids in an encoded protein
	
	

	2.4 Biotechnology

a. Recognize how genetic engineering (biotechnology) produces biomedical and agricultural products
b. Describe the construction of recombinant DNA molecules by basic DNA technology including restriction
	
	


	Domains for Biology
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	digestion by endonucleases, gel electrophoresis, ligation, and transformation
	
	

	2.5 Bioethics

a. Discuss issues of bioethics including genetic engineering, cloning, the human genome project, gene therapy, and medical implications
	
	

	Domain 3. Evolution
	
	

	3.1 Natural Selection

a. Explain why natural selection acts on the phenotype rather than the genotype of an organism

b. Predict the survival potential of various groups of organisms based on the amount of diversity in their gene pools
	
	

	3.2 Evolutionary Patterns 

a. Analyze fossil evidence with regard to biological diversity, episodic speciation, and mass extinction 

b. Analyze the effects of evolutionary patterns on the diversity of organisms (e.g., genetic drift, convergent evolution, punctuated equilibrium, patterns of selection)

c. Explain the conditions for Hardy-Weinberg equilibrium and why they are unlikely to appear in nature, and solve equations to predict the frequency of genotypes in a population
	
	

	3.3 Mechanisms for Speciation

a. Distinguish between the accommodation of an individual organism to its environment and the gradual adaptation of a lineage of organisms through genetic change

b. Describe a scenario that demonstrates the effects of reproductive or geographic isolation on speciation
	
	

	3.4 History and Origin of Life

a. Explain the theoretical origins of life on Earth

b. Construct a branching diagram (cladogram) from a variety of data sources illustrating the phylogeny between organisms of currently identified taxonomic groups
	
	

	Domain 4. Ecology
	
	

	4.1 Biodiversity

a. Define biodiversity and describe the effects on biodiversity of alteration of 
	
	


	Domains for Biology
	Coursework, Assignments, Assessments
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	habitat
	
	

	4.2 Energy Flow and Nutrient Cycles

a. Evaluate the importance of stability of producers, consumers, and decomposers
	
	

	4.3 Interrelationships and Change in Ecosystems

a. Describe various species interactions (e.g., predator/prey, parasitism, mutualism, commensalism, competition)

b. Analyze the fluctuations in population size in an ecosystem due to the relative rates of birth, immigration, emigration, and death

c. Analyze changes in an ecosystem resulting from changes in climate, human activity, introduction of nonnative species, and changes in population size
	
	

	Domains for Chemistry
	
	

	Domain 1. Atomic and Molecular 
Structure
	
	

	1.1 Periodic Table and Periodicity

a. Differentiate periodic groups and families of elements and their properties

b. Relate valence electrons and the electron shell structure (s, p, d, f orbitals) to an element’s position in the periodic table

c. Predict periodic trends including electronegativity, ionization energy, and the relative sizes of ions and atoms
	
	

	1.2 Atomic Structure

a. Analyze the evolution of the atomic model (including, but not limited to, the historical importance of the Bohr model and the development of the quantum structure of the atom)

b. Relate atomic spectroscopy and the photoelectric effect to the quantum structure of the atom

c. Illustrate the position and describe the properties of quarks, protons, neutrons, and electrons within atoms
	
	

	1.3 Molecular Structure and Chemical Bonds

a. Compare types of molecular bonds including ionic, covalent and hydrogen bonds
b. Draw Lewis dot structures for compounds and ions

c. Predict molecular geometries using Lewis dot structures and hybridized atomic orbitals, e.g., valence shell
	
	


	Domains for Chemistry
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	electron pair repulsion model (VSEPR)

d. Relate intermolecular electrostatic forces, including Van der Waals, polar and induced polar, and ionic, to their expected states of matter and their characteristic physical properties.
	
	

	Domain 2. Chemical Reactions
	
	

	2.1 Conservation of Matter and Stoichiometry

a. Calculate molar mass, mass, number of particles, and volume, at standard temperature and pressure (STP) for elements and compounds

b. Calculate the masses of reactants and products, and percent yield using balanced chemical equations, including problems with a limiting reagent

c. Distinguish reaction types, including single replacement, double replacement, synthesis, decomposition, and combustion

d. Utilize the rules of oxidation states to balance oxidation-reduction reactions
	
	

	2.2 Reaction Rates and Chemical Equilibrium

a. Predict the effect of temperature, pressure, and concentration on chemical equilibrium (LeChatelier’s principle) and the reaction rate 

b. Interpret a diagram showing activation energy along the reaction pathway

c. Identify and predict the role of catalysts on the reaction rate

d. Write and calculate an equilibrium constant expression for a given reaction

e. Know that equilibrium is established when the reaction rates of the forward and reverse reactions are equal
	
	

	Domain 3. Kinetic Molecular Theory
	
	

	3.1 Gases and Their Properties

a. Solve problems using the ideal gas law and use the ideal gas law to predict pressure-volume, pressure-temperature, and volume-temperature relationships
b. Relate pressure, volume, and temperature to the kinetic theory of atoms and molecules in gases
c. Know and use STP to solve gas law problems

d. Convert between Kelvin and Celsius temperature scales
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	e. Recognize the significance of absolute zero

f. Solve problems using Dalton’s law of partial pressures and Graham’s Laws of diffusion
	
	

	Domain 4. Solution Chemistry
	
	

	4.1 Solutions

a. Recognize and identify solutes and solvents

b. Calculate concentration in terms of molarity, parts per million, and percent composition

c. Describe the dissolving process at the molecular level

d. Explain how factors such as temperature, pressure, and surface area affect the dissolving process

e. Describe various methods for separation of solutions (e.g., chromatography, distillation)
	
	

	4.2 Acids and Bases

a. Distinguish between strong and weak acids and bases based on degree of dissociation and their chemical properties

b. Calculate pH and hydrogen ion concentration in solutions including buffer solutions

c. Use Arrhenius, Brønsted-Lowry, and Lewis acid-base definitions appropriately to characterize acids and bases and in acid-base reactions
	
	

	Domain 5. Chemical Thermodynamics
	
	

	5.1 Chemical Thermodynamics

a. Perform calculations using specific heat, heats of fusion, heats of vaporization, and heat of reaction (enthalpy)

b. Interpret phase diagrams
	
	

	Domain 6. Organic Chemistry and Biochemistry
	
	

	6.1 Organic Chemistry and Biochemistry

a. Explain the bonding characteristics of carbon
b. Recognize the chemical structure of various organic functional groups (i.e., alcohols, ketones, ethers, amines, esters, aldehydes, and organic acids) and provide examples of reactions involving these groups
c. Inventory the ten simplest hydrocarbons that contain single bonds, multiple bonds, and benzene rings
	
	


	Domains for Chemistry
	Coursework, Assignments, Assessments
	Reviewers Comments

	d. Understand the differences in structures and properties between amino acids and their polymers and between sugars and their polymers
	
	

	Domain 7. Nuclear Processes
	
	

	7.1 Nuclear Processes

a. Understand how mass-energy relationships in nuclear reactions and radioactive decay requires the relationship E=mc2
b. Compare and contrast alpha, beta, and gamma decay, and the relative kinds of damage to matter caused by (-, (-, and (- rays

c. Perform calculations involving half-life

d. Contrast the benefits and hazards of the use of radiation and radioactivity
	
	

	Domains for Earth and Planetary Science 
	
	

	Domain 1. Earth’s Place in the Universe
	
	

	1.1 Galaxies and Stars

a. Identify and describe characteristics of galaxies

b. Explain the evidence for the “big bang” model

c. Know that the Sun is a typical star and is powered by nuclear reactions, primarily the fusion of hydrogen to form helium

d. Describe the process of the nuclear synthesis of chemical elements and how accelerators simulate the conditions for nuclear synthesis (i.e., in stars and in the early universe)

e. Compare the use of visual, radio, and X-ray telescopes to collect data that reveal that stars differ in their life cycles

f. Describe, in terms of color and brightness, how the evolution of a star is determined by a balance between gravitational collapse and nuclear fusion
	
	

	1.2 Solar Systems

a. Explain how the solar system was formed, including differences and similarities among the sun, terrestrial planets, and the gas planets, and cite the evidence from Earth and moon rocks that indicate that the solar system was formed approximately 4.6 billion years ago
b. Know the current evidence for the existence of planets orbiting other stars
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	c. Describe changes in the solar system over time
	
	

	1.3 Planets and Satellites

a. Cite various forms of evidence that indicate the proximity of the planets in the solar system in relation to Earth and the stars

b. Cite various forms of evidence that Earth and other planets change over time

c. Describe the influence of collisional processes on early Earth and other planetary bodies in terms of shaping planetary surfaces and affecting life on Earth
	
	

	Domain 2. Planet Earth
	
	

	2.1 Tectonic Processes

a. Diagram the major divisions of the geologic time scale as a basis for understanding changes in the Earth’s processes

b. Describe how earthquake intensity, magnitude, epicenter, focal mechanism, and distance are determined from a seismogram

c. Compare major types of volcanoes in terms of shape and chemical and rock composition

d. Describe the location and characteristics of volcanoes that are due to hot spots and those due to subduction

e. Relate geologic structures to tectonic settings and forces

f. Describe the evidence for plate tectonics on the sea floor and on land
	
	

	2.2 Oceans

a. Describe the chemical and physical properties of seawater

b. Describe the mechanisms that cause wave action and tides
c. Explain the layered structure of the oceans, including the generation of horizontal and vertical ocean currents and the geographic distribution of marine organisms, and how properties of ocean water, such as temperature and salinity, are related to these phenomena
	
	

	2.3 Atmosphere

a. Compare the layers of the atmosphere in terms of chemical composition and thermal structure

b. Discuss the evolution of Earth’s
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	atmosphere over geologic time, including the effects of outgassing, the variations of carbon dioxide concentration, and the origin of atmospheric oxygen

c. Know the location of the ozone layer in the upper atmosphere, explain its role in absorbing ultraviolet radiation, and explain the way in which this layer varies both naturally and in response to human activities

d. Identify the bands at specific latitudes where rainforests and deserts are distributed and the causes of this pattern
	
	

	Domain 3. Energy in the Earth System
	
	

	3.1 Earth’s Energy Budget: Inflow and Outflow

a. Compare the amount of incoming solar energy, the Earth’s internal energy, the energy used by society, and the energy reflected back to space

b. Describe what happens to incoming solar radiation as it relates to reflection, absorption, and photosynthesis

c. Explain the mechanism and evaluate the significance of the greenhouse effect

d. Differentiate among greenhouse conditions on Earth, Mars, and Venus; the origins of those conditions; and the climatic consequences of each
	
	

	3.2 Circulation in the Oceans and Atmosphere

a. Assess the differential effects of heating on circulation patterns in the atmosphere and oceans

b. Relate the rotation of Earth to the circular motions of ocean currents and air in low- and high-pressure centers
c. Compare the causes and structures of various cloud types, precipitation, air masses, and fronts, and the causes and effects of different types of severe weather
d. Know and explain features of the ENSO cycle (El Niño southern oscillation, including La Niña) in terms of sea-surface and air temperature variations across the Pacific, and climatic results of this cycle
	
	

	3.3 Climate Variations in Time and Space

a. Analyze weather (short-term) and
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	climate (over time) in relation to the transfer of energy into and out of the atmosphere

b. Discuss and assess factors that affect climate including latitude, elevation, topography, and proximity to large bodies of water and cold or warm ocean currents
	
	

	Domain 4. Biogeochemical Cycles
	
	

	4.1 Rock Cycle

a. Compare and contrast the properties of rocks based on physical and chemical conditions in which rocks are formed, including plate tectonic processes

b. Identify common rock-forming minerals (e.g., feldspars, quartz, biotite, calcite) using a table of diagnostic properties

c. Identify common ore minerals as sources of copper, iron, lead, zinc, cement, halite, gypsum, and uranium
	
	

	4.2 Water, Carbon, and Nitrogen Cycles

a. Illustrate the mechanism that drives the water cycle

b. Compare the processes of photosynthesis and respiration in terms of reservoirs of carbon and oxygen 

c. Identify the carbon reservoirs (i.e., physical and chemical forms of carbon in the atmosphere, oceans, biomass, soils, fossil fuels, and solid earth) and describe the movement of carbon among these reservoirs in the global carbon cycle

d. Describe the nitrogen cycle as it relates to the atmosphere, soils as reservoirs, life processes, and pollution
	
	

	Domain 5. California Geology
	
	

	5.1 Tectonic Evolution 
a. Interpret geologic maps as a basis for understanding the tectonic evolution of California in terms of plate margins (i.e., Atlantic-type passive margin, Japanese volcanic arc, Andean arc, and faulted margin)
	
	

	5.2 Major Economic Earth Resources 

a. Understand the importance of water to society, the origins of California’s fresh water, statewide water distribution, and the environmental and economic impact of water re-distribution
b. Describe resources of major economic importance in California and their
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	relation to California’s geology (e.g., oil, gas, gold, sand, gravel, salts, open space, soil, arable land, clean air)
	
	

	5.3 Surface Processes 

a. Assess mechanisms by which tectonics, geologic structures (i.e., folds and faults), and rock properties influence surface properties (e.g., flow of water, differential erosion, uplift, subsidence)

b. Discuss the factors controlling the influence of water in modifying the landscape

c. Interpret the factors controlling erosion, deposition, and transport in surficial processes

d. Appraise desert environments in terms of water resource needs for habitation
	
	

	5.4 Natural Hazards

a. Analyze published geologic hazard maps of California and know how to use maps to identify evidence of geologic events of the past and to predict the likelihood of geologic changes in the future
	
	

	5.5 Geologic Mapping

a. Know how to find position using a topographic map

b. Know how to make a geologic map showing faults, structural data, and contacts between formations 

c. Know how to interpret geologic history and processes from a geologic map
	
	

	Domains for Physics
	
	

	Domain 1. Motion and Forces
	
	

	1.1 Motion and Forces

a. Solve problems using Newton’s Second Law (e.g., problems involving time, velocity, and space-dependent forces)
b. Construct appropriate free-body diagrams of many-body problems (e.g., two or more coupled masses)

c. Solve periodic motion problems

d. Solve 2-dimensional problems involving vector analysis of motion and forces, including projectile motion, uniform circular motion, and statics

e. Generate and understand functional relationships of graphs showing distance, velocity, and acceleration versus time

f. Recognize relationships among variables for linear motion and rotational motion
g. Solve problems involving linear and
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	rotational motion in term of forces and torques
	
	

	Domain 2. Conservation of Energy and Momentum
	
	

	2.1 Conservation of Energy and Momentum

a. Use conservation of energy to characterize kinetic-potential energy systems such as oscillating systems (pendula and springs), projectile motion, and roller coasters

b. Analyze elastic and inelastic collisions and solve for unknown values

c. Solve problems involving linear and rotational motion in terms of conservation of momentum and energy

d. Recognize relationships between energy/momentum conservation principles and Newton’s Laws 

e. Examine the impact of friction on conservation principles

f. Interpret force-versus-time and force-versus-distance graphs to find, for example, work done or impulse on a system
	
	

	Domain 3. Heat and Thermodynamics
	
	

	3.1 Heat and Thermodynamics

a. Solve problems involving the laws of thermodynamics using the relationships among work, heat flow, energy, and entropy

b. Define and correctly apply thermodynamic properties of materials such as specific heat (heat capacity), heats of fusion, heat of vaporization, thermal conductivity, and thermal expansion to solve problems
c. Solve problems for ideal gas systems

d. Solve problems involving cyclic processes, including calculations of work done, heat gain/loss, , and entropy change

e. Interpret graphs showing phase changes and graphs of cyclic processes

f. Describe a plasma, state its characteristic properties, and contrast it with an ideal gas
	
	

	Domain 4. Waves
	
	

	4.1 Waves and Their Characteristic Properties

a. Relate wave propagation to properties of
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	materials (e.g., predict wave speed from density and tension)

b. Describe, distinguish, and solve both conceptual and numerical problems involving interference, diffraction, refraction, reflection, Doppler effect, polarization, dispersion, and scattering
	
	

	Domain 5. Electromagnetism
	
	

	5.1 Electric and Magnetic Phenomena

a. Analyze electric and magnetic forces, charges, and fields using Coulomb’s law, the Lorentz force, and the right-hand rule

b. Apply energy principles to analyze problems in electricity,  magnetism, and circuit theory involving capacitors, resistors, and inductors 

c. Calculate power, voltage changes, current, and resistance in multiloop circuits involving capacitors, resistors, and inductors

d. Interpret and design mixed series and parallel circuits involving capacitors, resistors, and inductors

e. Solve problems involving the relationships between electric and magnetic phenomena

f. Explain properties of transistors, diodes, and semiconductors
	
	

	Domain 6. Quantum Mechanics and the Standard Model of Particles
	
	

	6.1 Quantum Mechanics and the Standard Model

a. Distinguish the four fundamental forces of nature, describe their ranges, and identify their force carriers

b. Evaluate the assumptions and relevance of the Bohr model of the atom
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