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CONTENT AREA(S):  Science 

 

COURSE/GRADE LEVEL(S): AP Physics 1 

 

 
I. Course Overview 

 

This course is the equivalent to a first-semester college course in algebra-based physics. The 

course covers Newtonian mechanics (including rotational dynamics and angular momentum); 

work, energy, and power; and mechanical waves and sound. It will also introduce electric 

circuits. 

 

II. Units of Study   

 

Unit 1: Kinematics 

Unit 2: Dynamics 

Unit 3: Conservation Laws 

Unit 4: Circular Motion, Gravitation, & Rotational Motion 

Unit 5: Simple Harmonic Motion 

Unit 6: Mechanical Waves 

Unit 7: Electrostatics & DC Circuits 

Unit 8: Post Exam Engineering Project 

 

III. Essential Questions  (The open-ended, provocative questions that help frame inquiry) 

 

Unit 1: Kinematics 

How do position, velocity, and acceleration describe the motion of an object? 

What are the implications of the statement “All motion is relative”? 

 

Unit 2: Dynamics 

How can objects interact without being in physical contact with one another? 

How do Newton’s Laws of Motion describe the nature of force and motion? 

How can the laws that govern the motion of a particle be extended to describe systems of 

particles or extended objects? 

 

Unit 3: Conservation Laws 

How does work change the kinetic energy of an object? 

What quantities are conserved when objects collide? 

 

Unit 4: Circular Motion, Gravitation, & Rotational Motion 

How can the motion of a stationary rotating object be described while avoiding the limitations of 

linear kinematics? 
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Unit 5: Simple Harmonic Motion 

How can the motion of a stretched spring be predicted when released? 

How is the behavior of springs, pendula, waves, and circular motion related? 

 

Unit 6: Mechanical Waves 

How can sound be used to explain the various phenomena waves display? 

What quantities are transferred by waves? 

 

Unit 7: Electrostatics & DC Circuits 

What is the source of electric charge? 

How does the type of conductor affect the current through a circuit? 

What are the applications of series and parallel circuits? 

 

Unit 8: Post Exam Engineering Project 

How can a mechanically powered device be made to move up an inclined plane? 

 

IV. Learning Objectives 

 

HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes 

the mathematical relationship among the net force on a macroscopic object, its 

mass, and its acceleration 

HS-PS2-2. Use mathematical representations to support the claim that the total momentum of a 

system of objects is conserved when there is no net force on the system. 

HS-PS2-3. Apply scientific and engineering ideas to design, evaluate, and refine a device that 

minimizes the force on a macroscopic object during a collision. 

HS-PS2-4. Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s 

Law to describe and predict the gravitational and electrostatic forces between 

objects. [ 

HS-PS3-1. Create a computational model to calculate the change in the energy of one 

component in a system when the change in energy of the other component(s) and 

energy flows in and out of the system are known. 

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be 

accounted for as a combination of energy associated with the motions of particles 

(objects) and energy associated with the relative position of particles (objects). 

HS-PS3-3 Design, build, and refine a device that works within given constraints to convert 

one form of energy into another form of energy.* 

HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic 

fields to illustrate the forces between objects and the changes in energy of the 

objects due to the interaction 

HS-PS4-1. Use mathematical representations to support a claim regarding relationships 

among the frequency, wavelength, and speed of waves traveling in various media.  

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

radiation can be described either by a wave model or a particle model, and that for 
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some situations one model is more useful than the other. 

HS-PS4-4. Evaluate the validity and reliability of claims in published materials of the 

effects that different frequencies of electromagnetic radiation have when absorbed 

by matter.  

HS-PS4-5. Communicate technical information about how some technological devices use the 

principles of wave behavior and wave interactions with matter to transmit and 

capture information and energy. 

 

V. Instructional Materials 

 

TEXTBOOK  

Cutnell, Johnson. Physics, 7th ed. Hoeboken, NJ; Wiley, 2006.  

 

TEACHING RESOURCES  

Wilson, Buffa, Lou. College Physics, 3rd ed. Upper Saddle River, New Jersey; Prentice Hall, 

2007.  

Hieggelke, Curtis, David Maloney, and Stephen Kanim. Newtonian Tasks Inspired by Physics 

Education Research: nTIPERs. Upper Saddle River, NJ: Pearson, 2012.  

Hieggelke, Curtis, David Maloney, Tomas O’Kuma, and Stephen Kanim. E&M TIPERs: 

Electricity & Magnetism Tasks. Upper Saddle River, NJ: Pearson, 2006.  

O’Kuma, Maloney, Hieggelke. Ranking Task Exercises in Physics. San Francisco, CA; Addison-

Wesley, 2003.  

Hieggelke, Maloney, Kanim, and O’Kuma. TIPERs: Sensemaking Tasks for Introductory 

Physics. Upper Saddle River, NJ: Pearson, 2015.  

Leonard, Dufresne, Gerace, Mestre. Minds On Physics. Dubuque, IA; Kendall/Hunt, 1999.  

PhET Interactive Simulations; https://phet.colorado.edu/  

Google Sites and Drive and Schoology will be used to communicate with students regularly and 

distribute course materials, including video help, study guides, electronic resources, etc. 

 

VI. Key Performance and Benchmark Tasks 

 

Unit 1: Kinematics 

Given a track (capable of being inclined to a measureable angle), a low friction cart, a meter 

stick, and a timing device; students will design a lab to determine the acceleration of the cart. 

 

Students will fire a projectile horizontally and mathematically use the results to determine the 

launch velocity. Subsequently students will fire the projectile at several launch angles while 

experimentally determining maximum height and maximum range. Results will be compared to 

calculated values. 

 

Unit 2: Dynamics 

Using masses, strings, and spring scales, students will suspend the masses in several 

configurations, including various angles, while recording the tension in each string. The results 

will also be compared to free-body diagrams of each suspended mass. 

 

https://phet.colorado.edu/
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Given a ramp, a pulley, a string, unequal masses, a meter stick, a timer, and a spring scale, 

design a series of experiments to determine the coefficients of static and kinetic friction between 

felt/wood and wood/wood. In addition, determine the acceleration of the object when forces are 

unbalanced. 

 

Unit 3: Conservation Laws 

Class will create an energy model to visualize the relationships between energies within a 

system. The conditions for both an open and closed system will be established, and examples of 

each will be discussed. Given specific examples, students will use the model to suggest the 

source of a change in energy and the resulting effect on both the system and the environment. 

 

Using low friction carts, capable of colliding elastically and inelastically, students will design 

experiments to verify conservation of momentum and kinetic energy for both types of collisions. 

Analysis will include graphing the motion of each cart before during and after the collision. 

 

Unit 4: Circular Motion, Gravitation, & Rotational Motion 

Determine the speed of a mass moving as a conical pendulum (battery-powered airplane) using 

two methods: kinematics of uniform circular motion and by summing forces. Compare the 

results obtained by both methods. 

 

Using a pulley and a rotating platform, students will design a lab involving a rotating system 

where a net torque results in angular acceleration. Students will also make changes to the 

system’s configuration to explore the effect on angular momentum. Students will compare the 

change in angular momentum to the change in average torque multiplied by time. 

 

Unit 5: Simple Harmonic Motion 

Students will design a two-part lab. In the first part, they will determine the relationship between 

a spring’s restoring force, spring constant, and displacement. In the second part of the lab, 

students will examine the oscillation of the spring determining the period of the oscillation, the 

energy of the system, and the force and speed acting on the mass at various locations during the 

oscillation. 

 

Using a pendulum, students will design a lab to determine the strength of the gravity field on 

Earth. 

 

Unit 6: Mechanical Waves 

Working in groups, they will create a wave model explaining how independent oscillators act in 

characteristic patterns in order to transmit energy. Students will diagram each type of wave and 

label key elements such as equilibrium, wavelength, and amplitude. Particular attention will be 

focused on examining the direction of the oscillations as compared to the direction of energy 

transfer. Students will site real world examples of mechanical waves, such as strings and sound. 

 

Using a tube submerged in water, a set of tuning forks, and a meter stick, design an experiment 

to determine the speed of sound in air. 
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Unit 7: Electrostatics & DC Circuits 

Students will diagram and compare the uniform electric field between plates with the field 

surrounding spherical point charges. The direction of force on a point charge placed in each field 

will be diagrammed. Compare and contrast the electric field and force to the gravity field and 

gravitational force. Using Coulomb’s Law, students will determine the magnitude of force 

between two point charges. 

 

Students will design their own circuit mixing series and parallel pathways. They will prepare a 

schematic of the circuit, and use Kirchhoff’s laws to predict the current and potential drops 

across each resistor. Using a multi-meter, students will then confirm their predictions. 

 

Unit 8: Post Exam Engineering Project 

Students will work in teams of one to three members to develop a mechanically powered device 

(mousetraps and/or rubber bands) that must complete a clearly defined task on an inclined 

surface. 


