Course 211: PHYSICAL SCIENCE (9th Grade)

GOAL:  In this course students will be introduced to physics and chemistry.  They will demonstrate theoretical and practical knowledge of the following areas: scientific methods, motion, forces, energy, work, electricity, waves, states of matter, classification of matter, the periodic table and its uses, elements and their properties, chemical bonding, chemical reactions, solutions, and acids and bases.

CURRICULUM CONTENT AREA 1: The Nature of Science – Chapter 1

Objectives:  Students will learn the difference between pure science and technology and how to use the scientific method to solve problems in science.  Students will define and use various SI measurements, and read and interpret three types of graphs.

Desired outcomes:  The students will be able to…

1. Compare and contrast pure science and technology.

2. State what physical science is.
3. Identify the steps or methods scientists often use to solve problems.

4. Compare and contrast hypothesis, theory, and scientific law.

5. Identify variables in experiments as being dependent or independent.

6. Distinguish between constants and controls.

7. Understand how models are used in scientific investigations.

8. Define a standard of measurement, identify the need for standards of measurement, and analyze the advantages and disadvantages of their universal use.

9. Name the prefixes used in SI, with the multiple of ten each represents, and the symbols for length, volume, mass, density, time, and temperature.

10. Convert measurements among related SI units.

11. Explain temperature in terms of Kelvin and convert between Kelvin and Celsius.

12. Identify three types of graphs, explain the correct use of each type, and interpret each.

CURRICULUM CONTENT AREA 2: Motion – Chapter 2

Objectives:  Students will calculate problems and interpret graphs dealing with motion, speed, time, velocity, and acceleration.  Students will also be able to state Newton’s first law of motion and give examples of the effects of inertia. 

Desired outcomes:  The students will be able to…

1. Define and understand motion, distance, and displacement.

2. Define speed as a rate.

3. Define instantaneous and average speed.

4. Perform calculations involving speed, time, and distance.

5. Interpret and plot distance-time graphs.

6. Compare, contrast, and calculate speed, velocity, and acceleration. 

7. Define force and explain how force and motion are related.

8. Explain how balanced and unbalanced (net) forces result in motion.

9. Explain the property of inertia.

10. State and understand Newton’s first law of motion.

11. Analyze the motion that takes place in a car crash, evaluate the effects of, and state an informed opinion about, the use of seat belts.

CURRICULUM CONTENT AREA 3: Forces – Chapter 3

Objectives:  Students will be able to explain and use the concepts of force, friction, mass, acceleration, weightlessness, and momentum.

Desired outcomes:  The students will be able to…

1. Explain how force, mass, and acceleration are related.

2. State and understand Newton’s second law of motion.

3. Calculate force using mass and acceleration.

4. Define and explain friction.

5. Distinguish between static friction, sliding friction, and rolling friction.

6. Observe and explain the effects of air resistance and terminal velocity on falling objects.

7. Define gravity and explain how it works on objects in terms of mass and distance.

8. Distinguish between mass and weight.

9. Use the gravitational acceleration constant to determine force exerted or the weight of an object.

10. Define weightlessness and free fall and explain how satellites are placed, and remain, in orbit.

11. In terms of horizontal and vertical motion, explain why things that are thrown or shot follow a curved path.

12. Explain centripetal acceleration and force.

13. State and understand Newton’s third law of motion.

14. Identify when action and reaction forces occur.

15. Define and calculate momentum.

16. State the law of conservation of momentum.

CURRICULUM CONTENT AREA 4: Energy, Work, and Thermal Energy– Chapters 4, 5, and 6

Objectives:  Students will be able to understand how terms such as work, energy, and heat are used in a scientific context, and identify problems and solutions for the use of energy in modern life.  The conversion of energy and transfer of thermal heat will also be investigated.

Desired outcomes:  The students will be able to…

1. Define energy and recognize different ways in which it can be stored.

2. Distinguish between kinetic and potential energy.

3. Calculate kinetic energy and gravitational potential energy.

4. Calculate mechanical energy and explain the conversion between kinetic and potential energy.

5. State the law of conservation of energy.

6. Explain how the human body converts energy.

7. Explain how work, energy, and power are related.

8. Calculate work and power.

9. Define temperature and explain what happens to the particles in a substance when the temperature changes.

10. Explain thermal energy and heat.

11. Compare and contrast the transfer of thermal energy conduction, convection, and radiation.

12. Explain how conductors and insulators affect the transfer of energy.

CURRICULUM CONTENT AREA 5: Electricity – Chapter 7

Objective:  Students will define, describe, and discuss electricity in its various states and various uses.  They will measure different aspects of electricity and perform calculations involving those measurements.  They will construct circuits and explain the role of resistors.

Desired outcomes:  The students will be able to…

1. Describe the properties and effects of static electricity.

2. Distinguish between conductors and insulators.

3. Explain transferring of electric charge in terms of charging by contact and charging by induction.

4. Explain the occurrence of lightning in terms of induction and static discharge.

5. Explain how lightning causes thunder.

6. Recognize the presence of charge in an electroscope.

7. Describe how electric current is different from static electricity.

8. Define voltage difference and current and explain how each is measured.

9. Describe the parts of a circuit.

10. Compare and contrast dry-cell and wet-cell batteries.

11. Define resistance and give examples of resistors.

12. State Ohm’s Law and use it in calculations.

13. Describe the difference between series and parallel circuits.

14. Sketch the different circuits.

15. Recognize the function of fuses and circuit breakers.

16. Explain and calculate electrical power and the amount of electrical energy in kilowatt-hours.

CURRICULUM CONTENT AREA 6: Waves, Sound, and Electromagnetic Waves – Chapters 10, 11, and 12

Objectives:  Students will understand the characteristics and vocabulary associated with waves and the uses of waves in everyday life.  

Desired outcomes:  The students will be able to…

1. Recognize that waves carry energy, not matter, through a medium.

2. Identify mechanical waves and explain why they require a medium.

3. Sketch transverse and compressional waves and identify their characteristics.

4. Discuss the relationship between frequency, wavelength, period, and velocity.

5. Calculate wave speed.
6. Recognize that wave speed depends on the medium.

7. Explain reflection, refraction, and diffraction.

8. Explain how waves interfere with one another, in terms of constructive and destructive interference.

9. Explain how sound waves can be used to create images of organs inside the body.

10. Contrast electromagnetic waves with other kinds of waves.

11. Recognize and interpret the arrangement of electromagnetic waves on the electromagnetic spectrum.

12. Describe some common uses of electromagnetic waves and some potential hazards.

CURRICULUM CONTENT AREA :7  Classification of Matter and Solids, Liquids, and Gases – Chapters 15 and 16

Objectives:  Students will distinguish among various forms of liquids, state physical and chemical changes/properties, and describe the law of conservation of mass. They will then be able to state the various principles governing the states of matter.  

Desired outcomes:  The students will be able to…

1. Compare, contrast, and identify substances, elements, compounds, and mixtures.

2. Compare and contrast solutions, colloids, and suspensions

3. Compare and contrast physical and chemical properties.

4. Compare and contrast physical and chemical changes.

5. State and determine how the law of conservation of mass applies to chemical changes.

6. Compare and contrast the four states of matter.

7. State the kinetic theory of matter and use it to explain the characteristics of solids, liquids, and gases.

8. Interpret state changes in terms of the kinetic theory of matter.

9. Explain particle behavior at the melting and boiling points.

10. Account for the energy of the heats of fusion and vaporization in state changes.

11. Explain how a gas exerts pressure on its container.

12. Explain the thermal expansion of matter.

13. Explain Archimedes’s Principle and predict whether an object will sink or float in water.

14. Explain Pascal’s Principle and apply it to the use of hydraulic lifts.

15. Calculate pressure when given an area over which a force is exerted.

16. Explain Bernoulli’s Principle and apply it to airplane wings.

17. Explain and use Boyle’s Law.

18. Explain and use Charles’s Law.

CURRICULUM CONTENT AREA 8: Properties of Atoms, the Periodic Table, Elements, and Their Properties – Chapters 17 and 19

Objectives:  Students will able to describe the atom and its structure.  They will then relate the atomic structure to the element’s position in the periodic table. Students will describe the properties of, be able to recognize, and give examples of various metals and nonmetals.

Desired outcomes:  The students will be able to…

1. Compare and contrast atomic components.

2. Identify quarks as particles of matter that make up protons and neutrons.

3. Describe the electron cloud model of the atom.

4. Explain how electrons are arranged in an atom.

5. Determine the atomic number, atomic mass and mass number of an atom.

6. Understand what an isotope is and identify isotopes of common elements.

7. Interpret and calculate the average atomic mass of an element.

8. Describe Mendeleev’s and Moseley’s contributions to the development of the modern periodic table.

9. Explain the arrangement of elements in the periodic table.

10. Identify groups and periods in the periodic table.

11. Use the electron cloud structure to determine the number of electrons in each of the energy levels of an atom.

12. Determine the number of valance electrons of an element by looking at its position in the periodic table.

13. Draw and interpret electron dot diagrams.

14. Identify metals, nonmetals, and metalloids in the periodic table.

15. Describe the properties of a typical metal.

16. Describe how metals are bonded to other metals.

17. Identify the alkali metals and the alkaline earth metals and describe some common uses.

18. Identify the transition elements and describe some common uses.

19. Identify the lanthanides, actinides, and transuranium metals and describe some common uses.

20. Describe the properties of a typical nonmetal.

21. Recognize hydrogen as a nonmetal.

22. Identify the halogens and the noble gases and describe some common uses.

23. Distinguish among metals, nonmetals, and metalloids.

24. Identify the boron, carbon, nitrogen, and oxygen groups.

25. Describe the nature of allotropes.

26. Recognize the significance of differences in crystal structure in carbon.

CURRICULUM CONTENT AREA 9: Chemical Bonds – Chapter 20

Objectives:  Students will be able to describe the different types of chemical bonds and then use that knowledge to name simple compounds and give their formulas. 

Desired outcomes:  The students will be able to…

1. Describe how a compound differs from the elements that compose it.

2. Explain what a chemical formula represents.

3. State a reason for why chemical bonding occurs.

4. Distinguish between ionic and covalent bonds.

5. Distinguish between a nonpolar covalent bond and a polar covalent bond.

6. Explain how to determine oxidation numbers.

7. Write formulas and names for ionic and covalent compounds.

8. Describe hydrates and write their formulas.

CURRICULUM CONTENT AREA 10: Chemical Reactions – Chapter 21

Objectives:  Students will be able to balance a chemical equation, identify types of reactions, and describe heat exchange during reactions.

Desired outcomes:  The students will be able to…

1. Explain what a chemical reaction is and identify the reactants and products.

2. Explain Lavoisier’s contribution to the law of conservation of mass. 

3. Determine how a chemical reaction satisfies the law of conservation of mass.

4. Understand how to convert between a chemical equation and a word equation.

5. Understand the role of coefficients in a chemical equation.

6. Balance chemical equations and understand what is meant by a balanced chemical equation.

7. Identify the four general types of chemical reactions.

8. Compare and contrast exothermic and endothermic reactions.
9. Describe how catalysts and inhibitors affect the speed of chemical reactions.
CURRICULUM CONTENT AREA 11: Solutions – Chapter 22

Objective:  Students will demonstrate knowledge of solutions, solutes, and solvents.

Desired outcomes:  The students will be able to… 

1. Distinguish among solution, solute, and solvent.

2. Determine how things dissolve.

3. Examine the factors that affect the rates at which solids dissolve in liquids.

4. Define the concept of solubility.

5. Identify how to express the concentration of solutions.

6. Compare and contrast saturated, unsaturated, and supersaturated solutions.

7. Describe the effects of pressure and temperature on the solubility of gases.

8. Relate the processes of dissociation and ionization to solutions that conduct electricity.

9. Describe how antifreeze works to affect the freezing and boiling points.

10. Compare and contrast the behavior of polar and nonpolar substances in forming solutions.

CURRICULUM CONTENT AREA 12: Acids, Bases, and Salts – Chapter 23

Objectives: Students will know and use the terms and concepts related to acids and bases and be able to identify common uses of acids and bases.
Desired outcomes:  The students will be able to…

1. Compare and contrast acids and bases and identify the characteristics they have.

2. List the names, formulas, and uses of some common acids and bases.

3. Relate the processes of ionization and dissociation to the formation of acids and bases.

4. Determine what is responsible for the strength of an acid or a base.

5. Compare and contrast strength and concentration of acids and bases.

6. Explain the meaning of pH and be able to calculate the pH of a solution.

7. Examine the relationship between pH and acid or base strength.

8. Identify a neutralization reaction.

9. Determine what a salt is and how it forms.

10. Explain the process of titration.

11. Compare and contrast soaps and detergents.
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