
Physics K / Integrated Science


Course Proficiencies


Foundations of Physics

1. Understand the need for quantitative descriptions of the physical world

2. Design and perform experiments to check hypotheses

3. Give experimental results with the appropriate number of significant figures

4. Define and determine experimental error: identify the sources of error in an experiment

5. Graph experimental results

6. Identify and graph linear, quadratic, and inverse functions
7. Distinguish between experimental observations and models

1-D Kinematics

8. Measure length and time using appropriate SI units

9. Estimate lengths and times into the physical world

10. Understand the functional nature of definitions: recognize that each definition identifies a rule for measuring and calculating the quantity

11. Understand the need for a frame of reference

12. Define and describe the position of an object

13. Define and measure position, displacement, velocity, acceleration

14. Use appropriate derived units for velocity and acceleration

15. Graph position, velocity, and acceleration as functions of time

16. Measure and distinguish average and instantaneous values of velocity and acceleration

17. Classify motion as motion with constant velocity and motion with constant acceleration

18. Predict the graphs for each type of motion

19. Determine velocity, acceleration displacement from the appropriate graphs

20. Solve problems involving motion with constant velocity and motion with constant acceleration including free fall

21. Use the light year as a unit of distance

Vectors

22. Distinguish between vector and scalar quantities.
23. Add vectors graphically using scale diagrams and the tip-to-tail method.
24. Apply the Pythagorean Theorem to add perpendicular vectors.
25. Define and graphically construct vector components.
26. Graphically add vectors using the component method.
27. Clearly describe the relationship between the components of an object’s motion and the resultant motion.  Indicate that the resultant velocity is always faster when the components are perpendicular, but can be slower when they are not-perpendicular.
Forces

28. Understand the basic concept of force and mass

29. Identify other commonly used "forces": friction, weight, air resistance, in addition to the four types of basic interactions in nature: strong nuclear, weak nuclear, electromagnetic and gravitational.

30. State the three Newton's laws of motion and apply them to explain every day phenomena: ex. The effect of not wearing seat belts, collisions, elevator rides, etc.

31. Use arrows to represent forces and use force diagrams to formulate a mathematical model of a practical situation: solve problems using force diagrams

32. Calculate the resultant force and the acceleration produced

33. Distinguish between equilibrium and nonequilibrium situations

2-D Kinematics

34. Describe all possible trajectories for free falling objects.  Classify projectile motion as parabolic.
35. Classify the horizontal and vertical components of a projectile’s motion as constant velocity and uniform acceleration, respectively.

36. Experimentally determine the landing point of a horizontally-launched projectile.

37. Use kinematics equations to model the horizontal and vertical components of a projectile’s motion.

38. Mathematically predict the range, time of flight, initial height, and final velocity of horizontally-launched projectiles.

39. Discuss the impact of changing the firing angle on the range of a non-horizontally fired projectile.

40. Define and determine physical quantities associated with Circular Motion, including circumference, period, frequency, linear velocity, and centripetal acceleration.
41. Define and calculate centripetal force.  Identify real forces or components of real forces as the centripetal force.
42. Summarize the direction of velocity, acceleration and force vectors for an object moving in a circular path.
43. Predict the motion of an object in circular motion if the centripetal force is removed; explain in terms of inertia.

44. Experimentally determine the relationship between Centripetal Force and Linear velocity.  Show that a graph of F vs. v2 is linear but F vs. v is not linear.

Universal Gravitation and Satellite Motion

45. Identify the gravitational force as the main cause of the acceleration of objects in the solar system

46. Describe the history of the development of  the law of universal gravitation

47. State the Law of Universal Gravitation and use it to calculate the force of gravitational attraction between two objects

48. Graph gravitational force versus the distance between two objects: Identify the graph and the law it represents as an inverse square law.

49. Discuss causes for tides

50. List all possible trajectories straight, parabolic, elliptical (circular), hyperbolic, for objects in free fall, including the objects in the solar system and other projectiles (baseballs, moons, etc.)

51. State Kepler's Laws of planetary motion

52. Identify and explain origins/trajectories of asteroids, comets, meteors, meteoroids, meteorites

53. Define and relate: quasar, universe, galaxy, solar system

54. Name and describe the types of galaxies

55. Describe the Milky Way galaxy and identify our solar system's position in the galaxy

56. Describe the basic structure and properties of stars

57. Recognize that all normal stars are powered by fusion reactions that form elements

58. Discuss the stages of stellar evolution (include black holes, novas, supernovas, dwarfs, main sequence/stable state, protostar, nebulae-pulsar)

59. Describe the structure of the solar system including inner versus outer planets, location of the asteroid belt, planetary orbits

60. List characteristics of the planets

61. Describe and contrast the properties of terrestrial and Jovian planets

Momentum

62. Define and calculate impulse and momentum.

63. Experimentally demonstrate the relationship between impulse and momentum. Relate the area under a Force vs. Time curve to the impulse.

64. State the impulse-momentum theorem and apply to predict the final velocity of an object that experiences an impulse.
65. Demonstrate that increasing the duration of an impulse will reduce the average force, but causes the same change in momentum.

66. Apply impulse-momentum theorem to explain falling & landing, airbags, trampolines, body joints, taking a punch.

67. Experimentally determine if momentum is conserved in a mechanical explosion.

68. State the Law of Conservation of Momentum.

69. Demonstrate the vector nature of momentum for one- and two-dimensional collisions and explosions.  Qualitatively predict the outcomes of various collisions and explosions.

70. Develop equations to model conservation of momentum for elastic collisions, inelastic collisions, and explosions.  Apply equations to predict final or initial velocities of objects in one-dimensional collisions and explosions.

Energy

71. Calculate work done by constant forces

72. Calculate power
73. Relate Work, energy and power
74. Define kinetic and potential energy
75. Calculate kinetic energy
76. State the law of conservation of energy
77. Describe transformations between gravitational potential energy and kinetic energy
78. Apply energy transformations to describing motion of objects
79. Identify different types of simple machines and calculate the mechanical advantage and efficiency
80. Investigate and demonstrate how energy is transferred by convection, radiation, conduction. 
81. Identify and distinguish between conductors and insulators.
82. Describe convection within the Earth and relate it to geological activity (include plate tectonics, volcanic activity, earthquakes, mountain building)
83. Describe convection that results in the formation of ocean currents
84. Describe the causes of temperature differences related to seasons, latitude and land versus water
85. Relate convection to the formation of weather systems include formation of air masses, fronts, storms)

86. Use the knowledge of weather systems to predict weather changes using weather maps

87. Classify and analyze factors that lead to hurricanes, flooding, thunderstorms, and drought

88. Describe how societies have been affected by major weather catastrophes

Electrostatics

89. List the constituent particles of an atom and their location in the atom

90. Explain several methods of charging understanding the process as a transfer of electrons.

91. Explain the concept of electric field and draw diagrams of an electric field due to several simple configurations of charges

92. Explain what factors affect the strength of the electrostatic interaction and calculate the force between two charges

93. Distinguish conductors and insulators

Circuits

94. Define current, voltage

95. Describe the measurement of current and voltage

96. Describe sources of electrical energy

97. Make an electrical cell

98. Use schematic diagrams to represent circuits: distinguish between series and parallel circuits

99. Explain the operation of some common devices such as fuses, circuit breakers, and thermostats

100. Calculate electrical power using voltage and current

Magnetism

101. Demonstrate and draw diagrams of magnetic field produced by moving charges, currents and permanent magnets

102. Explain the causes of earth's magnetic field and magnetic field of the  sun, draw diagrams

103. Recognize that waves transfer energy
Waves & Sound

104. Distinguish between mechanical waves and electromagnetic waves

105. Distinguish between transverse waves and longitudinal waves

106. Explain the relationship between particle vibration and wave motion

107. Define wavelength, speed, frequency, and solve problems involving these quantities

108. Describe the Doppler effect

109. Distinguish between S, P and surface waves in earthquakes

110. Discuss the use of seismic waves to determine the internal structure of the Earth
111. Describe light as an electromagnetic wave
112. Relate the energy and frequency of electromagnetic waves and describe the different parts of the electromagnetic spectrum
113. Discuss the electromagnetic spectrum as the source of information about the universe
114. Explain how the composition and surface temperatures of the stars are measured

Optics

115. Describe wave interactions including diffraction, refraction, interference and formation of standing waves
116. Visualize the relative motion of the sun, the moon, and earth and understand the phases of the moon, Venus, etc.
117. Describe causes for solar and lunar eclipses


Standard Model of Matter
118. Describe the experiments that resulted in the model of the atom
119. For each experiment be able to explain how the experimental results affected the atomic model
120. Describe the structure of the nucleus and explain how the strong nuclear force affects the structure of the nucleus. Contrast strong and weak nuclear forces
121. List four types of basic interactions in nature: strong nuclear, weak nuclear, gravitational and electromagnetic
122. State the main features of the big bang theory, the steady state theory and the pulsating universe theory
123. Describe evidence supporting the expansion of the universe
124. Describe the basic structure of the universe
125. Analyze benefits of space exploration.
