PHYSICS (11th Grade)

GOAL:  This course enables students to deepen their understanding of the basic concepts and theories of physics.  Students will study mechanics through the laws of kinematics and dynamics and explore different kinds of forces, the quantification and forms of energy, and the way energy is transformed and transmitted, including waves.  They will develop scientific-inquiry skills as they verify accepted laws and solve both assigned problems and those emerging from their investigations.  Students will also analyse the interrelationships between physics and technology, and consider the impact of technological applications of physics on society and the environment, particularly in the areas of electricity and magnetism, atomic and nuclear physics, and astrophysics.  
UNIT 1:  Physics and Physical Measurement – Chapter 1

Goal:  Students will understand and demonstrate units of measurement appropriate for physics, the SI system, significant digits, uncertainties and error in measurements and calculations.

Objectives:  The students will be able to...

1. State quantities to the nearest order of magnitude.

2. State the ranges of magnitude of sizes, masses and times that occur in the universe, from the smallest to the greatest.

3. State and compare the order of magnitude of significant systems in the universe.

4. State ratios of quantities as differences of orders of magnitude.

5. State the fundamental units of the SI system.

6. Distinguish between, and give examples of, fundamental and derived units.

7. Convert between different units for quantities.

8. State units in the accepted SI format.

9. State values in scientific notation and in multiples of units with appropriate prefixes.

10. Describe, distinguish between and give examples of random uncertainties and systematic errors.

11. Distinguish between precision and accuracy.

12. Explain how the effect of random uncertainties may be reduced.

13. State random uncertainty as an uncertainty range ( + ).

14. Identify values of quantities and results of calculations to the appropriate number of significant digits.

UNIT 2:  Graphs and Vectors – Chapters 2-3

Goal:  Students will understand and demonstrate the use of graphs and the graphing process along with the use of vectors within the field of physics.

Objectives:  The students will be able to...

1. Construct graphs from data, choosing suitable scales for the axes.

2. Draw qualitative graphs to represent dependencies and interpret graph behaviour.

3. Determine the values of physical quantities from graphs.

4. Draw best-fit lines to data points on a graph.

5. Represent random uncertainty graphically as an “error bar”.
6. Distinguish between vector and scalar quantities, and give examples of each.

7. Draw arrows of appropriate length and direction to represent vector quantities.

8. State vector quantities either in terms of magnitude and direction or by their components along chosen axes.

9. Add and subtract vector quantities by the graphical method.

10. Resolve vectors into perpendicular components along chosen axes.

11. Interpret the physical meaning of vector components where appropriate.

12. Add two or more vectors by the method of components.

13. Solve problems involving the vector nature of physical quantities.

UNIT 3: Mechanics I – Chapters 2-4

Goal:  Students will understand and demonstrate various ways to calculate and explain linear motion (including the interpretation of motion graphs), along with Newton’s three laws of motion.

Objectives:  The students will be able to...

1. Define displacement, velocity, speed and acceleration.

2. Define and explain the difference between instantaneous and average values of speed, velocity and acceleration.

3. Describe an object’s motion from more than one frame of reference.

4. Draw and analyse distance-time graphs, displacement-time graphs, velocity-time graphs and acceleration-time graphs.

5. Analyse and calculate the slopes of displacement-time graphs and velocity-time graphs, and the areas under velocity-time graphs and acceleration-time graphs.  Relate these to the relevant kinematic theory.

6. Determine the velocity and acceleration from simple timing situations.

7. Derive the equations for uniformly accelerated motion.

8. Describe the vertical motion of an object in a uniform gravitational field.

9. Describe the effect of air resistance on falling objects.

10. Solve problems involving uniformly accelerated motion.

11. Describe force as the cause of deformation or velocity change.

12. Identify the forces acting on an object and draw free-body diagrams representing the forces acting.

13. Resolve forces into components.

14. Determine the resultant force in different situations.

15. State Newton’s first law of motion and describe examples.

16. State Newton’s second law of motion and solve problems involving it.

17. State Newton’s third law of motion and discuss examples.

18. Define inertial mass.

19. Compare gravitational mass and inertial mass.

20. Discuss the concept of weight and distinguish between weight and mass.

UNIT 4: Mechanics II – Chapters 5-7

Goal:  Students will understand and demonstrate the transfer of energy associated with motion, both linear and circular.

Objectives:  The students will be able to...

1. Define linear momentum and impulse.

2. State the law of conservation of linear momentum.

3. Derive the law of conservation of momentum for an isolated system consisting of two interacting particles.

4. Solve problems involving momentum and impulse.

5. Define work.

6. Determine the work done by a non-constant force by interpreting a force-displacement graph.

7. Solve problems involving the work done on a body by a force.

8. Define kinetic energy.

9. Describe the concepts of gravitational potential energy and elastic potential energy.

10. State the principle of conservation of energy.

11. List different forms of energy and describe examples of the transformation of energy from one form into another.

12. Define power. 

13. Define and apply the concept of efficiency.

14. Solve work, energy and power problems.

15. Draw a vector diagram to show that acceleration of a particle moving with uniform speed in a circle is directed toward the centre of the circle.

16. State the expression for centripetal acceleration.

17. Identify the force producing circular motion in various situations.

18. Solve problems for the particles moving in circles with uniform speed.

UNIT 5: Thermal Physics – Chapters 6, 13-14

Goal:  Students will understand and demonstrate knowledge of heat transfer between substances, how heat affects substances at a molecular level, and the behaviour of ideal gases.  

Objectives:  The students will be able to...

1. State that temperature is a property that determines the direction of thermal energy transfer between two bodies in thermal contact.

2. Explain how a temperature scale is constructed.

3. State the relation between the Kelvin and Celsius scales of temperature.

4. State that temperature is a measure of the average kinetic energy of molecules in a substance.

5. State that internal energy is the total potential and kinetic energy of molecules in a substance.

6. Explain and distinguish between the macroscopic concepts of temperature, internal energy and heat.

7. Describe, qualitatively, the process, and give examples, of conduction, convention, and radiation.

8. Define and distinguish between heat capacity and specific heat capacity.

9. Explain why different substances have different specific heat capacities.

10. Describe methods to measure the specific heat capacity of solids and liquids.

11. Solve problems involving specific heat capacities.

12. Describe the solid, liquid and gaseous states in terms of molecular structures and motion.

13. Describe and explain the process of phase changes in terms of molecular behaviour.

14. Explain in terms of molecular behaviour why temperature does not change during a phase change.

15. Define specific latent heat.

16. Solve problems involving specific latent heats.

17. Describe the evaporation process in a liquid in terms of molecular behaviour.

18. Identify factors that affect evaporation rate.

19. State the macroscopic gas laws relating pressure, volume and temperature.

20. Define the term mole.

21. Define the Avogadro constant.

22. State that the equation of state of an ideal gas is pV = nRT.

23. Describe the concept of the absolute zero and the Kelvin scale.

24. Solve problems using the equation of state of an ideal gas.

25. Describe the kinetic model of an ideal gas.

26. Explain the macroscopic behaviour of an ideal gas in terms of the molecular model.

UNIT 6: Waves – Chapters 11-12, 23-24

Goal:  Students will understand and demonstrate the concept of energy transfer through waves, wave properties, and standing waves.

Objectives:  The students will be able to...

1. Describe a wave pulse and a continuous travelling wave.

2. State that waves transfer energy.

3. Describe and give examples of transverse and longitudinal waves.

4. Describe waves in two dimensions, including the concepts of wave fronts and rays.

5. Define displacement, amplitude, period, frequency, wavelength and wave speed.

6. Describe the terms crest, trough, compression and rarefaction.

7. Draw and explain displacement-time and displacement-position graphs for transverse and longitudinal waves.

8. Derive and apply the relationship between wave speed, wavelength and frequency.

9. Describe the reflection and transmission of one-dimensional waves at a boundary between two media.

10. Describe examples of diffraction.

11. State the principle of superposition and explain what is meant by constructive and destructive interference.

12. Apply the principle of superposition to find the resultant of two waves.

13. Describe the Doppler effect.

14. Describe the nature of standing waves.

15. Explain the formation of standing waves in one dimension.

16. Compare standing waves and travelling waves.

17. Explain the concept of resonance and state the conditions necessary for resonance to occur.

18. Describe the fundamental and higher resonate modes in strings and open and closed pipes.

19. Solve problems involving the fundamental and higher harmonic modes for stretched strings and open and closed pipes.

UNIT 7: Electricity – Chapter 16-17

Goal:  Students will understand and demonstrate knowledge of electricity and what affects electric charge.  

Objectives:  The students will be able to...

1. Describe the process of “electrification” by friction.

2. State that there are two types of electric charge.

3. State and apply the concept of conservation of charge.

4. Describe and explain the properties of conductors and insulators.

5. Explain and describe the process of electrostatic induction.

6. Describe the use of the gold leaf electroscope.

7. State and apply Coulomb’s law.

8. Define electric field.

9. Determine the electric field due to one or more point charges.

10. Draw and explain electric field patterns for different charge configurations.

11. Define the electric potential energy difference between two points in an electric field.

12. Determine the change in potential energy or change in kinetic energy when a charge moved between two points at different potentials.

13. Define the electronvolt.

14. Define electric potential difference.

15. Solve problems involving electric potential difference and electric potential energy.

UNIT 8: Electricity and Magnetism – Chapter 18-20

Goal:  Students will understand and demonstrate the movement of electric charge through circuits, the concept of a magnet, and the interaction between magnets and electric charge.

Objectives:  The students will be able to...
1. Describe a simple model of electrical conduction in a metal.

2. Define electric current.

3. State and explain the definition of the ampere.

4. Describe the use of ammeters and voltmeters.

5. Define and apply the concept of resistance.

6. State Ohm’s law.

7. Compare ohmic and non-ohmic behaviour.
8. Define electromotive force.

9. Describe the concept of internal resistance.

10. Derive and apply the equations for equivalent resistances of resistors in series and in parallel.

11. Draw circuit diagrams.

12. Draw the pattern of magnetic field lines of an isolated bar magnet.
13. Draw the magnetic field pattern for the Earth.

14. Draw and annotate magnetic fields due to currents.

15. Determine the direction of the force on a current-carrying conductor in a magnetic field.

16. Define the magnitude of the magnetic field strength B.

17. Solve problems involving the magnetic force on currents.

Unit 9: Atomic and Nuclear Physics – Chapters 27, 30-31
Goal:  Students will understand knowledge of the atom and it’s components, radioactive decay and it’s products, half-life, nuclear reactions, and the process of fission and fusion.

Objectives:  The students will be able to...
1. Describe a model of the atom that features a small nucleus surrounded by electrons.

2. Outline the evidence that supports a nuclear model of the atom.

3. Outline evidence for the existence of atomic energy levels.

4. Describe the existence of isotopes as evidence for neutrons.

5. Explain the terms nuclide, isotope and nucleon.

6. Define mass number and atomic number.

7. Describe the interactions in the nucleus.

8. Describe the phenomenon of natural radioactive decay.

9. Describe alpha, beta and gamma radiation and their properties.

10. Explain why some nuclei are stable while others are unstable.

11. Determine the atomic and mass numbers of the products of nuclear decay in a transformation or in a series of transformations.

12. State that the radioactive decay is a random process and that the average rate of decay for a sample of a radioactive isotope decreases exponentially with time.

13. Define the term half-life.
14. Solve radioactive decay problems involving integral numbers of half-lives.

15. Define the term unified mass unit.

16. State and apply Einstein’s mass-energy equivalence relationship.

17. Describe the processes of nuclear fission and fusion.

18. State that nuclear fusion is the main source of the Sun’s energy.

UNIT 10 (OPTION B): Astrophysics – Chapter 33
Goal:  Students will be introduced to the field of astrophysics where they will understand aspects of stellar radiation and stellar types, stellar distances, and cosmology. 

Objectives:  The students will be able to...

1. Outline the general structure of the solar system.

2. Describe the bodies comprising the universe.

3. Distinguish between a stellar cluster and a constellation.

4. Define a light year.

5. Compare the relative distances between stars and between galaxies, in terms of order of magnitude.

6. Describe the apparent motion of the stars/constellations over a period of a night and over a period of a year, and explain these observations in terms of the rotation and revolution of the Earth.

7. State that fusion is the main energy source of stars.

8. State that in a stable star (for example our Sun) there is an equilibrium between radiation pressure and gravitational pressure.

9. Define the luminosity of a star.

10. Define apparent brightness and state how it is measured.

11. Outline the nature of black-body radiation

12. Draw and annotate a graph of the spectra of black bodies at different temperatures.

13. State Wien’s (displacement) law and apply it to explain the colours of different stars.

14. State the Stefan-Boltzmann law and apply it to compare the luminosities of different stars.

15. Explain how atomic spectra can be used to deduce chemical and physical date for stars.

16. Describe the overall classification system of spectral classes.

17. Describe the different types of stars.

18. Describe the characteristics of visual, spectroscopic, and eclipsing binary stars.

19. Identify the general regions of star types on a Hertzsprung-Russell diagram.

20. Define parasec.

21. Describe the method of determining the distance to a star using stellar parallax.

22. Explain why the method of stellar parallax is limited to measuring stellar distances less than about 100 parasecs.

23. Determine the distance to a star using stellar parallax.

24. Describe the apparent magnitude scale.

25. Describe the concept of absolute magnitude and determine absolute magnitudes.

26. Solve problems involving rations of apparent brightness and of apparent magnitudes.

27. State that the luminosity of a star can be estimated from its spectrum.

28. Explain how the stellar distance can be determined by using the apparent brightness and luminosity.

29. State that the method of spectroscopic parallax is limited to measuring stellar distances less than about 10Mpc.

30. Solve problems involving stellar distances, apparent brightness and luminosity.

31. Outline the nature of a Cepheid variable.

32. State the relationship between period and average absolute magnitude for Cepheids.

33. Explain that Cepheids can be used as “standard candles”.

34. Determine the distance to a Cepheid using the luminosity-period graph.

35. State that Newton assumed and infinite, uniform and static universe.

36. Explain Olbers’ paradox.

37. Discuss solutions to Olbers’ paradox.

38. State that the Doppler red shift of light from galaxies indicated that the universe is expanding.

39. Describe both space and time as originating with the Big Bang.

40. Describe the discovery of the background microwave radiation by Penzias and Wilson.

41. Explain how a uniform background radiation in the microwave region is consistent with the Big Bang model.

42. Distinguish between the terms open, flat and closed when used to describe the universe.

43. Define the term critical density.

44. Discuss how critical density is related to the open, flat and closed models of the universe.

45. Outline current attempts to determine the critical density of the universe.

