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This chapter discusses the particles that atoms and other matter are made of, 

how those particles interact, and the process by which radioactive decay can 

change the composition of a substance from one element into another. 

• Photoelectric Effect describes the observation that light of a sufficiently high 

frequency can remove electrons from an atom. 

• Bohr Model of the Hydrogen Atom describes the development of quantum 

theory to describe the behavior of the electrons in an atom. 

• Wave-Particle Duality and Quantum Mechanical Model of the Atom describe 

the idea that matter can behave like a wave as well as a particle, and the 

application of that idea to the modern quantum mechanical model of the 

atom. 

• Fundamental Forces describes the four natural forces that affect everything 

in the universe: the strong and weak nuclear forces, the electromagnetic 

force, and the gravitational force. 

• The Standard Model describes and classifies the particles that make up 

atoms. 

• Particle Interactions describes interactions between subatomic particles. 

One of the challenging aspects of this chapter is that it describes process that 

happen on a scale that is much too small to observe directly.  Another challenge 

is the fact that the Standard Model continues to evolve.  Many of the 

connections between concepts that make other topics easier to understand 

have yet to be made in the realm of quantum & particle physics. 
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Standards addressed in this chapter: 

Massachusetts Curriculum Frameworks (2016): 

HS-PS4-3. Evaluate the claims, evidence, and reasoning behind the idea that 

electromagnetic radiation can be described by either a wave model or a 

particle model, and that for some situations involving resonance, 

interference, diffraction, refraction, or the photoelectric effect, one model is 

more useful than the other. 

AP® Physics 2 Learning Objectives/Essential Knowledge (2024): 

1.A.2.1: The student is able to construct representations of the differences 

between a fundamental particle and a system composed of fundamental 

particles and to relate this to the properties and scales of the systems being 

investigated. [SP 1.1, 7.1]  

1.A.4.1: The student is able to construct representations of the energy-level 

structure of an electron in an atom and to relate this to the properties and 

scales of the systems being investigated. [SP 1.1, 7.1]  

1.C.4.1: The student is able to articulate the reasons that the theory of 

conservation of mass was replaced by the theory of conservation of mass-

energy. [SP 6.3]  

1.D.1.1: The student is able to explain why classical mechanics cannot describe 

all properties of objects by articulating the reasons that classical mechanics 

must be refined and an alternative explanation developed when classical 

particles display wave properties. [SP 6.3]  

1.D.3.1: The student is able to articulate the reasons that classical mechanics 

must be replaced by special relativity to describe the experimental results 

and theoretical predictions that show that the properties of space and time 

are not absolute. [Students will be expected to recognize situations in which 

nonrelativistic classical physics breaks down and to explain how relativity 

addresses that breakdown, but students will not be expected to know in 

which of two reference frames a given series of events corresponds to a 

greater or lesser time interval, or a greater or lesser spatial distance; they 

will just need to know that observers in the two reference frames can 

“disagree” about some time and distance intervals.] [SP 6.3, 7.1]  

3.G.3.1: The student is able to identify the strong force as the force that is 

responsible for holding the nucleus together. [SP 7.2]  

4.C.4.1: The student is able to apply mathematical routines to describe the 

relationship between mass and energy and apply this concept across 

domains of scale. [SP 2.2, 2.3, 7.2] 

AP® only 
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5.B.8.1: The student is able to describe emission or absorption spectra 

associated with electronic or nuclear transitions as transitions between 

allowed energy states of the atom in terms of the principle of energy 

conservation, including characterization of the frequency of radiation 

emitted or absorbed. [SP 1.2, 7.2]  

5.B.11.1: The student is able to apply conservation of mass and conservation of 

energy concepts to a natural phenomenon and use the equation E = mc2 to 

make a related calculation. [SP 2.2, 7.2]  

5.D.1.6: The student is able to make predictions of the dynamical properties of a 

system undergoing a collision by application of the principle of linear 

momentum conservation and the principle of the conservation of energy in 

situations in which an elastic collision may also be assumed. [SP 6.4]  

5.D.1.7: The student is able to classify a given collision situation as elastic or 

inelastic, justify the selection of conservation of linear momentum and 

restoration of kinetic energy as the appropriate principles for analyzing an 

elastic collision, solve for missing variables, and calculate their values. 

[SP 2.1, 2.2]  

5.D.2.5: The student is able to classify a given collision situation as elastic or 

inelastic, justify the selection of conservation of linear momentum as the 

appropriate solution method for an inelastic collision, recognize that there is 

a common final velocity for the colliding objects in the totally inelastic case, 

solve for missing variables, and calculate their values. [SP 2.1, 2.2]  

5.D.2.6: The student is able to apply the conservation of linear momentum to a 

closed system of objects involved in an inelastic collision to predict the 

change in kinetic energy. [SP 6.4, 7.2]  

5.D.3.2: The student is able to make predictions about the velocity of the center 

of mass for interactions within a defined one-dimensional system. [SP 6.4]  

5.D.3.3: The student is able to make predictions about the velocity of the center 

of mass for interactions within a defined two-dimensional system. [SP 6.4] 

6.F.3.1: The student is able to support the photon model of radiant energy with 

evidence provided by the photoelectric effect. [SP 6.4]  

6.F.4.1: The student is able to select a model of radiant energy that is 

appropriate to the spatial or temporal scale of an interaction with matter. 

[SP 6.4, 7.1]  

6.G.1.1: The student is able to make predictions about using the scale of the 

problem to determine at what regimes a particle or wave model is more 

appropriate. [SP 6.4, 7.1]  

AP® only 



 Introduction: Quantum and Particle Physics Page: 413 

 Big Ideas Details Unit: Quantum and Particle Physics 

Physics 2 In Plain English  Jeff Bigler 

6.G.2.1: The student is able to articulate the evidence supporting the claim that 

a wave model of matter is appropriate to explain the diffraction of matter 

interacting with a crystal, given conditions where a particle of matter has 

momentum corresponding to a de Broglie wavelength smaller than the 

separation between adjacent atoms in the crystal. [SP 6.1]  

6.G.2.2: The student is able to predict the dependence of major features of a 

diffraction pattern (e.g., spacing between interference maxima), based upon 

the particle speed and de Broglie wavelength of electrons in an electron 

beam interacting with a crystal. (de Broglie wavelength need not be given, 

so students may need to obtain it.) [SP 6.4]  

7.C.1.1: The student is able to use a graphical wave function representation of a 

particle to predict qualitatively the probability of finding a particle in a 

specific spatial region. [SP 1.4]  

7.C.2.1: The student is able to use a standing wave model in which an electron 

orbit circumference is an integer multiple of the de Broglie wavelength to 

give a qualitative explanation that accounts for the existence of specific 

allowed energy states of an electron in an atom. [SP 1.4]  

7.C.4.1: The student is able to construct or interpret representations of 

transitions between atomic energy states involving the emission and 

absorption of photons. [For questions addressing stimulated emission, 

students will not be expected to recall the details of the process, such as the 

fact that the emitted photons have the same frequency and phase as the 

incident photon; but given a representation of the process, students are 

expected to make inferences such as figuring out from energy conservation 

that since the atom loses energy in the process, the emitted photons taken 

together must carry more energy than the incident photon.] [SP 1.1, 1.2] 

AP® only AP® only 
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