
 
 

      
  

    

  

  

               
                

          
             

                
           

  

  

              
 

              
 

   
 

              
        

         
           

          

            
 

            

              
      

         
     

           
        

                 
  

   
  

            
     

 

            
  

O A K W O O D J U N I O R / S E N I O R H I G H : S C I E N C E 

AP Physics
 

AP Physics 

AP Physics is a second-year course, offering an advanced treatment of some of the topics introduced in 
Physics, as well as additional new topics. The general areas convered include kinematics, linear and 
rotational mechanics, fluid dynamics, kinetic theory and thermodynamics, advanced optics, electricity, 
magnetism, elementary quantum physics, and nuclear physics. The course is laboratory and problem-
solving based. Students are expected to gain an understanding of physics principles, and the ability to 
apply these principles. Students will conduct some independent laboratory work with guidance from 
the instructor. 

Newtonian Mechanics 

Kinematics 1.	 Use laws of motion to describe the motion of objects in one dimension. 
(APB.I.A.1) 

2.	 Use laws of motion to describe the motion of objects in two dimension. 
(APB.I.A.2) 

Newton’s Laws of 3. Use and apply the laws of motion to analyze, describe and predict the 
Motion effects of forces on the motions of objects mathematically. (PS.12.5) 

4.	 Apply principles of forces and motion to mathematically analyze, 
describe and predict the net effects on objects or systems. (PS.11-12.D) 

5.	 Apply Newton’s First Law to situtations in static equilibrium (APB.I.B.1) 

6.	 Apply Newton’s Second Law to the dymanics of a single particle. 
(APB.I.B.2) 

7.	 Apply Newton’s Third Law to systems of two or more bodies. (APB.I.B.3) 

Work, energy, power	 8. Use the concept of work and apply the work-energy theorem to analyze 
the dynamics of complex systems. (APB.I.C.1) 

9.	 Demonstrate an understanding of the relationship between convervative 
forces and potential energy. (APB.I.C.2) 

10. Recognize that the principle of the Conservation of Energy governs the 
transfer of energy to its various forms. (APB.I.C.3) 

11. Use the concept of power to calculate the rate at which energy is used or 
transfered. (APB.I.C.4) 

Systems of particles,	 12. Explain how forces over time can impart impulse and change the
 
linear momentum momentum of a particle. (APB.I.D.2)
 

13. Predict the results of collisions by applying the conservation of linear 
momentum. (APB.I.D.3) 
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Circular motion and 14. Describe how a physical, chemical or ecological system in equilibrium 
rotation	 may return to the same state of equilibrium if the disturbances it 

experiences are small. Large disturbances may cause it to escape that 
equilibrium and eventually settle into some other state of equilibrium. 
(PS.12.2) 

15. Analyze the forces and movements of obejcts undergoing uniform 
circular motion. (APB.I.E.1) 

16.	 Use torque to study objects in rotationally static situations. (APB.I.E.3) 

Oscillations and 17. Describe how gravitational forces act between all masses and always 
gravitation	 create a force of attraction. Recognize that the strength of the force is 

proportional to the masses and weakens rapidly with increasing distance 
between them. (PS.12.9) 

18. Study the dynamics and energy relationships of objects undergoing 
simple harmonic motion. (APB.I.F.1) 

19.	 Analyze the periodic motion of a mass on a spring. (APB.I.F.2) 

20. Illustrate how pendulums and other systems oscillate according the the 
principles of simple harmonic motion. (APB.I.F.3) 

21.	 Apply Newton’s law of gravity to systems of two point particles. 
(APB.I.F.4) 

22. Derive Kepler’s Third Law and other basic results when analyzing the 
circular orbits of planets and satellites. (APB.I.F.5a) 

Fluid Mechanics and Thermal Physics 

Fluid Mechanics 1.	 Explain how hydrostatic pressure is affected by depth but not by shape 
of the fluid vessel. (APB.II.A.1) 

2.	 Determine the force of buoyancy on an object based on the density and 
volume of the displaced fluid. (APB.II.A.2) 

3.	 Recognize that fluids maintain a fixed volume flow when in continuous 
paths. (APB.II.A.3) 

4.	 Use Bernoulli’s equation to relate fluid pressure to depth and speed of 
flow. (APB.II.A.4) 

Temperature and 5. Use the mechanical equivalent of heat to explain how energy transfers 
heat from mechanical systems into internal energy. (APB.II.B.1) 

6.	 Explain the use of specific and latent heat (including calorimetry) when 
analyzing heat flow in and out of systems. (APB.II.B.2) 

7.	 Describe the different mechanisms for the transfer of heat and how 
temperature changes can cause thermal expansion or contraction. 
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(APB.II.B.3) 

Kinetic theory and 8. Use the kinetic model to explain the basic properties of ideal gases. 
thermodynamics (APB.II.C.1a) 

9.	 Recognize the appropriate conditions for applying the ideal gas law and 
how to apply it when relating pressure, volume, temperature and 
quantity. (APB.II.C.1b) 

10. Use the First Law of Thermodymanics (including processes on pV 
diagrams) when analyzing the mechanical and thermal changes on a 
sample of gas. (APB.II.C.2a) 

11. Formulate the limits that the Second Law of Thermodynamics places on 
the behavior of various gasses systems, including heat engines. 
(APB.II.C.2b) 

Electricity and Magnetism 

Electrostatics 1.	 Formulate the relationships between charge, field, and potential. 
(APB.III.A.1) 

2.	 Use Coulomb’s law and field and potential of point charges to descibe 
the dynamics and energies of point charges. (APB.III.A.2) 

3.	 Calculate and describe the fields and potentials from planar charge 
distributions. (APB.III.A.3a) 

Conductors and 4. Predict the motions and arrangements of electrostatic charge
 
Capacitors distributions within conductors. (APB.III.B.1)
 

5.	 Calculate the capacitance of parallel plate capacitors. (APB.III.B.2) 

Electric Circuits 6.	 Analyze electric circuits in terms of current, resistance and power. 
(APB.III.C.1) 

7.	 Recognize that at low temperatures some materials become 
superconducting and offer little or no resistance to the flow of electrons. 
(PS.12.4) 

8.	 Evaluate steady-state direct current circuits with batteries and resistors 
only. (APB.III.C.2) 

9.	 Analyze the function of capacitors in steady state circuits. (APB.III.C.3a) 

Magnetostatics 10. Evaluate the forces on moving charges in magnetic fields. (APB.III.D.1) 

11.	 Evaluate the forces on current-carrying wires in magnetic fields 
(APB.III.D.2) 

12.	 Describe and calculate the fields of long current-carrying wires. 
(APB.III.D.3) 
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Electromagnetism 13. Use the principles of electromagnetic induction (including Faraday’s law 
and Lenz’s law) to determine the relationship between changing currents 
and magnetic fields. (APB.III.E.1) 

14. Explain how electric motors and generators work (e.g., relate that 
electricity and magnetism are two aspects of a single electromagnetic 
force). Investigate that electric charges in motion produce magnetic fields 
and a changing magnetic field creates an electric field. (PS.11.4) 

Waves and Optics 

Wave motion 1. Describe the properties of traveling waves. (APB.IV.A.1)
 
(including sound)
 

2.	 Describe the properties of standing waves (APB.IV.A.2) 

3.	 Explain the cause and results of the Doppler effect. (APB.IV.A.3) 

4.	 Describe how the observed wavelength of a wave depends upon the 
relative motion of the source and the observer (Doppler effect). If either 
is moving towards the other, the observed wavelength is shorter; if either 
is moving away, the observed wavelength is longer (e.g., weather radar, 
bat echoes, police radar). (PS.12.8) 

5.	 Use the principle of superposition to describe the interaction of waves. 
(APB.IV.A.4) 

6.	 Use the concepts of interference and diffraction to analyze the behavior 
of light and sound waves. (APB.IV.B.1) 

7.	 Describe the dispersion of light and the properties unifying the entire 
electromagnetic spectrum. (APB.IV.B.2) 

8.	 Formulate and apply the basic priniples of reflection and refraction. 
(APB.IV.C.1) 

9.	 Analyze the behavior of light and the formation of images through the 
use of mirrors. (APB.IV.C.2) 

10. Analyze the behavior of light and the formation of images through the 
use of lenses. (APB.IV.C.3) 

Atomic and Nuclear Physics 

Atomic Physics and 1. Describe the concequences of the photon nature of light and its
 
Quantum Effects predictions for the photoelectric effect. (APB.V.A.1)
 

2.	 Use the idea of atomic energy levels to explain the interactions of atoms, 
light and electrons. (APB.V.A.2) 
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3.	 Describe how different atomic energy levels are associated with the 
electron configurations of atoms and electron configurations (and/or 
conformations) of molecules. (PS.12.12) 

4.	 Describe how atoms and molecules can gain or lose energy only in 
discrete amounts. (PS.11-12.C) 

5.	 Use historical examples to explain how new ideas are limited by the 
context in which they are conceived; are often initially rejected by the 
scientific establishment; sometimes spring from unexpected findings; 
and usually grow slowly through contributions from many different 
investigators (e.g., nuclear energy, quantum theory, theory of relativity). 
(PS.12.14) 

6.	 Summarize the historical development of scientific theories and ideas 
within the study of physical sciences. (PS.11-12.E) 

7.	 Explain how atoms and molecules can gain or lose energy in particular 
discrete amounts (quanta or packets); therefore they can only absorb or 
emit light at the wavelengths corresponding to these amounts. (PS.12.13) 

8.	 Explain the need for a dual description of light and matter in terms of the 
wave-particle duality. (APB.V.A.3) 

9.	 Describe concepts/ideas in physical sciences that have important, long-
lasting effects on science and society (e.g., quantum theory, theory of 
relativity, age of the universe). (PS.12.15) 

Nuclear Physics 10. Analyze nuclear reactions in terms of mass-loss and energy yield and the 
conservation of mass number and charge. (APB.V.B.1) 

11. Recognize that the nuclear forces that hold the nucleus of an atom 
together, at nuclear distances, are stronger than the electric forces that 
would make it fly apart. (PS.12.6) 

12. Recognize that nuclear forces are much stronger than electromagnetic 
forces, and electromagnetic forces are vastly stronger than gravitational 
forces. The strength of the nuclear forces explains why greater amounts 
of energy are released from nuclear reactions (e.g., from atomic and 
hydrogen bombs and in the Sun and other stars). (PS.12.7) 

13. Use the principles of mass-energy equivalence to understand the nature 
of nuclear potential energy and the release of nuclear energy. (APB.V.B.2) 

14. Explain the characteristics of isotopes. The nucleus of radioactive 
isotopes is unstable and spontaneously decays emitting particles and/or 
wavelike radiation. It cannot be predicted exactly when, if ever, an 
unstable nucleus will decay, but a large group of identical nuclei decay at 
a predictable rate. (PS.12.10) 

15. Use the predictability of decay rates and the concept of half-life to 
explain how radioactive substances can be used in estimating the age of 
materials. (PS.12.11) 

16.	 Recognize that some atomic nuclei are unstable and will spontaneously 
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break down. (PS.11-12.B) 

17. Explain that elements with the same number of protons may or may not 
have the same mass and those with different masses (different numbers 
of neutrons) are called isotopes. Some of these are radioactive. (PS.11.1) 

Laboratory Methods and the Scientific Method 

Scientific Inquiry 1.	 Make appropriate choices when designing and participating in scientific 
investigations by using cognitive and manipulative skills when collecting 
data and formulating conclusions from the data. (SI.11-12.A) 

2.	 Formulate testable hypotheses. Develop and explain the appropriate 
procedures, controls and variables (dependent and independent) in 
scientific experimentation. (SI.11.1) 

3.	 Evaluate assumptions that have been used in reaching scientific 
conclusions. (SI.11.2) 

4.	 Design and carry out scientific inquiry (investigation), communicate and 
critique results through peer review. (SI.11.3) 

5.	 Explain why the methods of an investigation are based on the questions 
being asked. (SI.11.4) 

6.	 Summarize data and construct a reasonable argument based on those 
data and other known information. (SI.11.5) 

7.	 Formulate testable hypotheses. Develop and explain the appropriate 
procedures, controls and variables (dependent and independent) in 
scientific experimentation. (SI.12.1) 

8.	 Derive simple mathematical relationships that have predictive power 
from experimental data (e.g. determine the simpliest mathmatical 
relationship that fits experimental data). (SI.12.2) 

9.	 Apply appropriate safety precautions when designing and/or 
conducting scientific investigations. (SI.12.3) 

10. Create and clarify the method, procedures, controls and variables in 
complex scientific investigations. (SI.12.4) 

11.	 Use appropriate summary statistics to analyze and describe data. 
(SI.12.5) 

Scientific Ways of 12. Explain how scientific evidence is used to develop and revise scientific 
Knowing predictions, ideas or theories. (SK.11-12.A) 

13. Give examples that show how science is a social endeavor in which 
scientists share their knowledge with the expectation that it will be 
challenged continuously by the scientific community and others. 
(SK.12.1) 
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14. Analyze a set of data to derive a principle and then apply that principle 
to a similar phenomenon (e.g. properties of semiconductors). (SK.12.4) 

Science and 15. Research how scientific inquiry is driven by the desire to understand the 
Technology natural world and how technological design is driven by the need to 

meet human needs and solve human problems. (ST.12.3) 
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