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COURSE DESCRIPTION (catalog summary): 
AP Physics 1 is divided into 8 units, covered in one year before the AP Exam. Concepts and problem-solving techniques are introduced through a 
combination of lectures, demonstrations, lab experiments, question–answer sessions, assignments from the textbook and teacher-generated 
worksheets.  Trigonometry is used throughout and where appropriate. 
This course is equivalent to a first-semester college course in algebra-based physics.  Content, inquiry and reasoning are all equally valued and 
stressed. The emphasis is on understanding the concepts and skills and using concepts and formulae to solve problems. Laboratory work is an 
integral part of this course. Students engage in inquiry-based activities to develop their understanding of the material of the course. 

 
 

GOALS (expected performance outcomes for students): 
The goal in the Advanced Placement Physics 1 course is to provide an excellent first-semester college-level algebra-based physics education. 
At the end of this course the student should be able to:  
 
MOTION AND FORCES 

• Express the motion of an object using narrative, mathematical, and graphical representations 

• Design an experimental investigation of the motion of an object 

• Analyze experimental data describing the motion of an object and is able to express the result of the analysis using narrative, 
mathematical, and graphical representations 

• Make predictions about the motion of a system based on the fact that acceleration is equal to the change in velocity per unit time, and 
velocity is equal to the change in position per unit time 

• Create mathematical models and analyze graphical relationships for acceleration, velocity, and position of the center of mass of a system 
and use them to calculate properties of the motion of the center of mass of a system 

• Represent forces in diagrams or mathematically using appropriately labeled vectors with magnitude, direction, and units during the 
analysis of a situation 
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• Analyze a scenario and make claims (develop arguments, justify assertions) about the forces exerted on an object by other objects for 
different types of forces or components of forces 

• Challenge a claim that an object can exert a force on itself 

• Describe a force as an interaction between two object and identify both objects for any force 

• Construct explanations of physical situations involving the interaction of bodies using Newton’s third law and the representation of action-
reaction pairs of forces when two objects interact 

• Analyze situations involving interactions among several object by using free-body diagrams that include the application of Newton’s third 
law to identify forces 

• Predict the motion of an object subject to forces exerted by several objects using an application of Newton’s second law in a variety of 
physical situations with acceleration in one dimension 

• Design a plan to collect and analyze data for motion (static, constant, or accelerating) from force measurements and carry out an analysis 
to determine the relationship between the net force and the vector sum of the individual forces. 

• Re-express a free-body diagram representation into a mathematical representation and solve the mathematical representation for the 
acceleration of the object 

• Create and use free-body diagrams to analyze physical situations to solve problems with motion qualitatively and quantitatively 

• Make claims about various contact forces between objects based on the microscopic cause of those forces 

• Explain contact forces as arising from interatomic electric forces and that they therefore have certain directions 

• Evaluate using given data whether all the forces on a system or whether all the parts of a system have been identified 

• Apply Newton’s second law to systems to calculate the change in the center-of-mass velocity when an external force is exerted on the 
system 

• Use visual or mathematical representations of the forces between objects in a system to predict whether or not there will be a change in 
the center-of-mass velocity of that system. 

• Design an experiment for collecting data to determine the relationship between the net force exerted on an object, its inertial mass, and its 
acceleration 

• Design a plan for collecting data to measure gravitational mass and to measure inertial mass, and to distinguish between the two 
experiments 

 
        GRAVITATION AND CIRCULAR MOTION 

• Use Newton’s law of gravitation to calculate the gravitational force the two objects exert on each other and use that force in contexts other 
than orbital motion 

• Use Newton’s law of gravitation to calculate the gravitational force between two objects and use that for in contexts involving orbital motion 
(for circular orbital motion only) 

• Articulate situations when the gravitational force is the dominant force and when the electromagnetic, weak, and strong forces can be 
ignored 

• Apply F = mg to calculate the gravitational force on an object with mass m in a gravitational field of strength g in the context of the effects 
of a net force on objects and systems 

• Apply g = GM/r
2
 to calculate the gravitational field due to an object with mass M, where the field is a vector directed toward the center of 

the object of mass M 

• Approximate a numerical value of the gravitational field (g) near the surface of an object from its radius and mass relative to those of the 
Earth or other reference objects 
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WORK, ENERGY, AND POWER 

• Make predictions about the changes in kinetic energy of an object based on considerations of the direction of the net force on the object 
as the object moves 

• Use net force and velocity vectors to determine qualitatively whether kinetic energy of an object would increase, decrease, or remain 
unchanged 

• Apply mathematical routines to determine the change in kinetic energy of an object given the forces on the object and the displacement of 
the object 

• Calculate the total energy of a system and justify the mathematical routines used in the calculation of component type of energy within the 
system whose sum is the total energy 

• Predict changes in the total energy of a system due to changes in position and speed of objects or frictional interactions within the system 

• Make predictions about the changes in the mechanical energy of a system when a component of an external force acts parallel or 
antiparallel to the direction of the displacement of the center of mass 

• Apply the concepts of Conservation of Energy and the Work-Energy theorem to determine qualitatively and/or quantitatively that work 
done on a two-object system in linear motion will change the kinetic energy of the center of mass of the system, the potential energy of the 
systems, and/or the internal energy of the system 

• Define open and closed systems for everyday situations and apply conservation concepts for energy, charge, and linear momentum to 
those situations 

• Set up a representation or model showing that  single object can only have kinetic energy and use information about that object to 
calculate its kinetic energy 

• Translate between a representation of a single object, which can only have kinetic energy, and a system that includes the object, which 
may have both kinetic and potential energies 

• Calculate the expected behavior of a system using the object model to analyze a situation.  Then, when the model fails, the student can 
justify the use of conservation of energy principles to calculate the change in internal energy due to changes in internal structure because 
the object is actually a system 

• Describe and make qualitative and/or quantitative predictions about everyday examples of systems with internal potential energy 

• Make quantitative calculations of the internal potential energy of a system from a description or diagram of the system 

• Apply mathematical reasoning to create a description of the internal potential energy of a system from a description or diagram of the 
objects and interactions in that system 

• Describe and make predictions about the internal energy of systems 

• Calculate changes in kinetic energy and potential energy of a system, using information from representations of that system 

• Design an experiment and analyze data to examine how a force exerted on an object or system does work on the object or system as it 
moves through a distance 

• Design an experiment and analyze graphical data in which interpretations of the area under a force-distance curve are needed to 
determine the work done on or by the object or system 

• Predict and calculate from graphical data the energy transfer to or work done on an object or system from information about a force 
exerted on the object or system through a distance 

• Make claims about the interaction between a system and its environment in which the environment exerts a force on the system, thus 
doing work on the system and changing the energy of the system (kinetic energy plus potential energy) 

• Predict and calculate the energy transfer to (i.e., the work done on) an object or system from information about a force exerted on the 
object or system through a distance 
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• Model verbally or visually the properties of a system based on its substructure and to relate this to changes in the system based on its 
substructure and to relate this to changes in the system properties over time as external variables are changed 

 
LINEAR MOMENTUM 

• Justify the selection of routines for the calculation of the relationships between changes in momentum of an object, average force, 
impulse, and time of interaction 

• Predict the change in momentum of an object from the average force exerted on the object and the interval of time during which the force 
is exerted 

• Analyze data to characterize the change in momentum of an object from the average force exerted on the object and the interval of time 
during which the force is exerted 

• Design a plan for collecting data to investigate the relationship between changes in momentum and the average force exerted on an 
object over time 

• Use representations of the center of mass of an isolated two-object system to analyze the motion of the system qualitatively and 
semiquantitatively 

• Calculate the change in linear momentum of a two-object system with constant mass in linear motion from a representation of the system 
(data, graphs, etc.) 

• Analyze data to find the change in linear momentum for a constant-mass system using the product of the mass and the change in velocity 
of the center of mass 

• Apply mathematical routines to calculate the change in momentum of a system by analyzing the average force exerted over a certain time 
on the system 

• Perform analysis on data presented as a force-time graph and predict the change in momentum of a system  

• Justify the selection of data needed to determine the relationship between the direction of the force acting on an object and the change in 
momentum caused by that force 

• Define open and closed systems for everyday situations and apply conservation concepts for energy, charge, and linear momentum to 
those situations 

• Make qualitative predictions about natural phenomena based on conservation of linear momentum and restoration of kinetic energy in 
elastic collisions 

• Apply the principles of conservation of momentum and restoration of kinetic energy to reconcile a situation that appears to be isolated and 
elastic, but in which data indicate that linear momentum and kinetic energy are not the same after the interaction, by refining a scientific 
question to identify interactions that have not been considered.   

• Solve qualitatively and/or quantitatively for one-dimensional situations and only qualitatively in two-dimensional situations 

• Design an experimental test of an application of the principle of the conservation of linear momentum, predict an outcome of the 
experiment using the principle, analyze data generated by the experiment whose uncertainties are expressed numerically, and evaluate 
the match between predication and the outcome 

• Apply mathematical routines appropriately to problems involving elastic collisions in one dimension and justify the selection of those 
mathematical routines based on conservation of momentum and restoration of kinetic energy 

• 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 variable, and calculate their values 

• Qualitatively predict, in terms of linear momentum and kinetic energy, how the outcome of a collision between two object changes 
depending on whether the collision is elastic or inelastic 
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• Plan data collection strategies to test the law of conservation of momentum in a two-object collision that is elastic or inelastic and analyze 
the resulting data graphically 

• Apply the conservation of linear momentum to a closed system of object involved in an inelastic collision to predict the change in kinetic 
energy 

• Analyze data that verify conservation of momentum in collisions with and without an external friction force 

• 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 

• Predict the velocity of the center of mass of a system when there is no interaction outside of the system but there is an interaction within 
the system (i.e., the student simply recognizes that interactions within a system do not affect the center of mass motion of the system and 
is able to determine that there is no external force) 

• Define open and closed systems for everyday situations and apply conservation concepts for energy, charge, and linear momentum to 
those situations 

 
TORQUE AND ROTATIONAL MOTION 

• Use representations of the relationship between force and torque 

• Compare the torques on an object caused by various forces 

• Estimate the torque on an object caused by various forces in comparison to other situations 

• Design an experiment and analyze data testing a question about torques in a balanced rigid system 

• Calculate torques on a two-dimensional system in static equilibrium, by examining a representation or model (such as a diagram or 
physical construction) 

• Make predictions about the change in the angular velocity about an axis for an object when forces exerted on the object cause a torque 
about that axis 

• Plan data collection and analysis strategies designed to test the relationship between a torque exerted on an object and the change in 
angular velocity of that object about an axis 

• Predict the behavior of rotational collision situations by the same processes that are used to analyze linear collision situations using an 
analogy between impulse and change of linear momentum and angular impulse and change of angular momentum 

• (In an unfamiliar context of using representations beyond equations) Justify the selection of a mathematical routine to solve for the change 
in angular momentum of an object caused by torques exerted on the object 

• Plan data collection and analysis strategies designed to test the relationship between torques exerted on an object and the change in 
angular momentum of that object 

• Describe a representation and use it to analyze a situation in which several forces exerted on a rotation system of rigidly connected 
objects change the angular velocity and angular momentum of the system 

• Plan data collection strategies designed to establish that torque, angular velocity, angular acceleration, and angular momentum can be 
predicted accurately when the variable are treated as being clockwise or counterclockwise with respect to a well-define axis of rotation, 
and refine the research question base on the examination of data 

• Describe a model of a rotational system and use that model to analyze a situation in which angular momentum changes due to interaction 
with other objects or systems 

• Plan a data collection and analysis strategy to determine the change in angular momentum of a system and relate it to interactions with 
other objects and systems 
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• Use appropriate mathematical routines to calculate values for initial or final angular momentum, or change in angular momentum of a 
system, or average torque or time during which the torque is exerted in analyzing a situation involving torque and angular momentum 

• Plan a data collection strategy designed to test the relationship between the change in angular momentum of a system and the product of 
the average torque applied to the system and the time interval during which the torque is exerted 

• Make qualitative predictions about the angular momentum of a system for a situation in which there is no net external torque 

• Make calculations of quantities related to the angular momentum of a system when the net external torque on the system is zero 

• Describe or calculate the angular momentum and rotational inertia of a system in terms of the locations and velocities of objects that make 
up the system.  Do qualitative reasoning with compound objects, Do calculations with a fixed set of extended objects and point masses. 

 
SIMPLE HARMONIC MOTION, WAVES, AND SOUND 

• Predict which properties determine the motion of a simple harmonic oscillator and what the dependence of the motion is on those 
properties 

• Design a plan and collect data in order to ascertain the characteristics of the motion of a system undergoing oscillatory motion caused by 
a restoring force 

• Analyze data to identify qualitative or quantitative relationships between given values and variables (i.e., force, displacement, acceleration, 
velocity, period of motion, frequency, spring constant, string length, mass) associated with objects in oscillatory motion to use that data to 
determine the value of an unknown 

• Construct a qualitative and/or a quantitative explanation of oscillatory behavior given evidence of a restoring force 

• Use a visual representation to construct an explanation of the distinction between transverse and longitudinal waves by focusing on the 
vibration that generates the wave 

• Describe representations of transverse and longitudinal waves 

• Describe sound in terms of transfer of energy and momentum in a medium and relate the concepts to everyday examples 

• Use graphical representation of a periodic mechanical wave to determine the amplitude of a wave 

• Explain and/or predict qualitatively how the energy carried by a sound wave relates to the amplitude of the wave, and/or apply this concept 
to a real-world example 

• Use  a graphical representation of a periodic mechanical wave (position versus time) to determine the period and frequency of the wave 
and describe how a change in the frequency would modify features of the representation 

• Use a visual representation of a periodic mechanical wave to determine wavelength of the wave 

• Design an experiment to determine the relationship between periodic wave speed, wavelength, and frequency and relate these concepts 
to evergyday examples 

• Create or use a wave front diagram to demonstrate or interpret qualitatively the observed frequency of a wave, dependent upon relative 
motions of source and observer 

• Use representations of individual pulses and construct representations to model the interaction of two wave pulses to analyze the 
superposition of two pulses 

• Design a suitable experiment and analyze data illustrating the superposition of mechanical waves (only for wave pulses or standing 
waves) 

• Design a plan for collecting data to quantify the amplitude variation when two or more traveling waves or wave pulses interact in a given 
medium 

• Analyze data or observations or evaluate evidence of the interaction of two or more traveling waves in one or two dimensions (i.e., circular 
wave fronts) to evaluate the variations in resultant amplitudes 
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• Refine a scientific question related to standing waves and design a detailed plan for the experiment that can be conducted to examine the 
phenomenon qualitatively or quantitatively 

• Predict properties of standing waves that result from the addition of incident and reflected waves that are confined to a region and have 
nodes and antinodes 

• Plan data collection strategies, predict the outcome base on the relationship under test, perform data analysis, evaluate evidence 
compared to the prediction, explain any discrepancy and, if necessary, revise the relationship among variable responsible for establishing 
standing wave on a string or in a column of air 

• Describe representations and models of situations in which standing waves result from the addition of incident and reflected waves 
confined to a region 

• Challenge with evidence the clam that the wavelengths of standing waves are determined by the frequency of the source regardless of the 
size of the region 

• Calculate wavelengths and frequencies (if given wave speed) of standing waves based on boundary conditions and length of region within 
which the wave is confined, and calculate numerical values of wavelengths and frequencies.   

• Use a visual representation to explain how waves of slightly different frequency give rise to the phenomenon of beats 
 

ELECTROSTATICS AND SIMPLE ELECTRONIC CIRCUITS 

• Use Coulomb’s law qualitatively and quantitatively to make predictions about the interaction between two electric point charges 

• Connect the concepts of gravitational force and electric force to compare similarities and differences between the forces 

• Construct or interpret a graph of the energy changes within an electrical circuit with only a single battery and resistors in series and/or in, 
at most, one parallel branch as an application of the conservation of energy (Kirchhoff’s loop rule) 

• Apply conservation of energy concepts to the design of an experiment that will demonstrate the validity of Kirchhoff’s loop rule in a circuit 
with only a battery and resistors either in series or in, at most, one pair of parallel branches 

• Apply conservation of energy (Kirchhoff’s loop rule) in calculations involving the total electric potential difference for complete circuit loops 
with only a single battery and resistors in series and/or in, at most, one parallel branch 

• Apply conservation of electric charge (Kirchhoff’s junction rule) to the comparison of electric current in various segments of an electrical 
circuit with a single battery and resistors in series and in, at most, one parallel branch and predict how those values would change if 
configurations of the circuit are changed 

• Design an investigation of an electrical circuit with one or more resistors in which evidence of conservation of electric charge can be 
collected an analyzed 

• Use a description or schematic diagram of an electrical circuit to calculate unknown values of current in various segments or branches of 
the circuit 

• Make claims about natural phenomena based on conservation of electric charge 

• Make predictions, using the conservation of electric charge, about the sign and relative quantity of net charge of objects or systems after 
various charging processes, including conservation of charge in simple circuits 

• Construct an explanation of the two-charge model of electric charge based on evidence produced through scientific practices 

• Challenge the claim that an electric charge smaller than the elementary charge has been isolated 

• Choose and justify the selection of data needed to determine resistivity for a given material 
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NEXT GENERATION SCIENCE STANDARDS (NGSS) (how the course aligns with California and/or national curriculum standards): 
HS-PS1-4. 
Develop a model to illustrate that the release or absorption of energy from a chemical reaction system depends upon the changes in total bond 
energy. 
 
HS-PS1-5. 
Apply scientific principles and evidence to provide an explanation about the effects of changing the temperature or concentration of the reacting 
particles on the rate at which a reaction occurs.   
 
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-PS2-5. 
Plan and conduct an investigation to provide evidence that an electric current can produce a magnetic field and that a changing magnetic field can 
produce an electric current. 
 
HS-PS2-6. 
Communicate scientific and technical information about why the molecular-level structure is important in the functioning of designed materials.*   
 
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. 
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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-PS4-2. 
Evaluate questions about the advantages of using a digital transmission and storage of information. 
 
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 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.*   
 
HS-ETS1.1 
Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and 
wants. 
 
HS-ETS1.2 
Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through 
engineering. 
 
HS-ETS1.3 
Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including 
cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts. 
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HS-ETS1.4 
Use a computer simulation to model the impact of proposed solutions to a complex real-world problem with numerous criteria and constraints on 
interactions within and between systems relevant to the problem. 

 

 
 

EVALUATION (how the effectiveness of the course will be monitored and assessed):  Student achievement will be measured using multiple 
assessment tools that may include but are not limited to benchmark test results, final exams, end-of-unit tests, quizzes, homework, 
classwork, notebooks, portfolios, authentic performance assessments, and written assessments. 
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Unit 1 
Length of Unit …  (20 days/ 4 weeks/ 20 class sessions) 

Key Vocabulary Standards (referenced) Model Tasks Tools / Texts 

 
Kinematics: 
 
 
Vector Analysis 
Motion in 1-D 
Motion in 2-D 
 

 
Vector 
Resultant 
Components 
Displacement 
Speed 
Velocity 
Acceleration 
Projectile 
Acceleration due  
  to gravity 

 
* No direct correlation to NGSS 
 
* Please also see above referenced  
   goals delineated by AP board for  
   course 

1. Students will investigate vectors using 
simulations 
2. Students will label vectors with magnitude 
and direction, resolve a vector into its 
components, and add vectors to determine 
the resultant’s magnitude and direction 
3. Students will analyze the motion of 
objects moving at constant speed and at 
uniform accelerated motion. Information 
and/or data collected will be used to produce 
graphs of x versus t and v versus t. 
4. Students will analyze the motion of a 
projectile and determine its maximum 
height, horizontal range, and flight time 

 
-Teacher   
 resource  
 materials 
-Student  
 textbook 
- Applets & 
  simulations 
-Videos 
-AP sample 
 exam questions 
-Demonstrations 
-Labs 
 

 
 
 

Differentiation 

 
Support -- for 
students who 
are struggling 
with the content 
  

Content:  Same concepts 
 
Process: (1) meet with students outside of class to aid with understanding, (2) provide supplementary 
materials, (3) pair student up with a classmate who can serve as a mentor/study partner, (4) use additional 
scaffolding strategies with student   
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 

 
Extension – for 
high achieving 
students.  
 

Content:  Same concepts  
 
Process:  (1) provide move advanced questions and problems, (2) provide extensions on class activities, 
(3) have student tutor a classmate 
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 
Note:  This course is designed as an advanced course to earn college credit; the course itself is designed 
as an extension of the regular HS curriculum. 
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Evaluation 

Formative Assessments (ongoing & mid-lesson):  Homework, warm-ups, question and answer sessions, labs, quizzes, 
and chapter tests 
 
 

Summative Assessments (unit final evaluation):  Unit exams (consisting of multiple-choice and free-response 
questions) 
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Unit 2 
Length of Unit … (20 days/ 4 weeks/ 20 class sessions) 

Key Vocabulary Standards (referenced) Model Tasks Tools / Texts 

 
Dynamics: 
 
 
Newton’s Laws 

of Motion 
 
 

 
Force 
Contact force 
Mass 
Inertia 
Acceleration 
Newton’s Laws 
Weight 
Friction 
Kinetic friction 
Static friction 
Coefficient of  
 friction 
Normal force 
Air resistance 
Free-body  
 diagram 
 

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. 
 
* Please also see above referenced  
   goals delineated by AP board for  
   course 

1. Through the graphing of weight (y-axis) 
versus mass (x-axis) for a variety of objects, 
and the calculation of the resulting slope, 
students discover the acceleration due to 
gravity on Earth.  Students are also asked to 
write an equation relating force, mass, and 
acceleration based upon their data and 
analysis. 
2. Students will determine static and kinetic 
coefficients of friction.  
3. Students will analyze various physical 
situations of forces acting on objects, draw 
free-body diagrams, and apply Newton’s 2

nd
 

Law 
4. Students will identify action-reaction pairs 
and explain why the two objects involved 
have different resulting accelerations. 
5. Students when presented with a visual 
scenario (a short video clip) will analyze and 
explain the events shown in terms of 
Newton’s three laws and state/support 
whether of not the events agree with 
Newton’s 3 Laws 
 

 
-Teacher   
 resource  
 materials 
-Student  
 textbook 
- Applets & 
  simulations 
-Videos 
-AP sample 
 exam questions 
-Demonstrations 
-Labs 
 

 
 
 

Differentiation 

 
Support -- for 
students who 
are struggling 
with the content 
  

Content:  same concepts 
 
Process:  : (1) meet with students outside of class to aid with understanding, (2) provide supplementary 
materials, (3) pair student up with a classmate who can serve as a mentor/study partner, (4) use additional 
scaffolding strategies with student   
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 

 
Extension – for 

Content:  same concepts 
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high achieving 
students.  
 

Process:  (1) provide move advanced questions and problems, (2) provide extensions on class activities, 
(3) have student tutor a classmate 
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 
Note:  This course is designed as an advanced course to earn college credit; the course itself is designed 
as an extension of the regular HS curriculum. 

Evaluation 

Formative Assessments (ongoing & mid-lesson):  Homework, warm-ups, question and answer sessions, labs, quizzes, 
and chapter tests 
 
 
 
Summative Assessments (unit final evaluation):  Unit exams (consisting of multiple-choice and free-response 
questions) 
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Unit 3 
Length of Unit …  (20 days/ 4 weeks/ 20 class sessions) 

Key Vocabulary Standards (referenced) Model Tasks Tools / Texts 

 
Work, energy, 

and Power 
 
 
 

Work 
Energy 
Kinetic energy 
Potential energy 
Mechanical  
 energy 
Power 
Conservative  
 force 
Non-conservative  
 force 
 

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-PS3-1. 
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). 
 
* Please also see above referenced  
   goals delineated by AP board for  
   course 

1. Students will perform an experiment to 
determine what factors affect the energy of a 
falling object 
2. Students will time themselves climbing a 
flight of stairs, calculate the amount of work 
done and power expended, graph power 
versus time, and analyze graph 
3. Students will shake a jar containing sand 
with a temperature probe inside of it.  Before 
shaking, students will predict any changes in 
temperature.  Students analyze whether the 
results support or contradict their prediction 
4. Students will analyze the” Mouse Trap” 
Game in terms of work and transfers of 
energy in a written report 
5. On Target Lab:  Students will construct a 
ramp from pipe tubing and place it on a lab 
station.  Based upon energy and motion 
calculations, students will place a target on 
the floor where the marble should impact.  
Students will perform several trials, 
compare/analyze actual results with 
theoretical expectations summarizing 
possible errors responsible for any 
differences. 

 
-Teacher   
 resource  
 materials 
-Student  
 textbook 
- Applets & 
  simulations 
-Videos 
-AP sample 
 exam questions 
-Demonstrations 
-Labs 
 

 
 
 
 

Differentiation 

 
Support -- for 
students who 
are struggling 
with the content 
  

Content:  same concepts 
 
Process:  (1) meet with students outside of class to aid with understanding, (2) provide supplementary 
materials, (3) pair student up with a classmate who can serve as a mentor/study partner, (4) use additional 
scaffolding strategies with student   
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
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Extension – for 
high achieving 
students.  
 

Content:  same concepts 
 
Process:  (1) provide move advanced questions and problems, (2) provide extensions on class activities, 
(3) have student tutor a classmate 
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 
Note:  This course is designed as an advanced course to earn college credit; the course itself is designed 
as an extension of the regular HS curriculum. 

Evaluation 

Formative Assessments (ongoing & mid-lesson):  Homework, warm-ups, question and answer sessions, labs, quizzes, 
and chapter tests 
 
 
 
Summative Assessments (unit final evaluation):  Unit exams (consisting of multiple-choice and free-response 
questions) 
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Unit 4 
Length of Unit … ( 15 Days / 3 weeks / 15 class sessions) …   

Key Vocabulary Standards (referenced) Model Tasks Tools / Texts 

 
Impulse and 

Momentum 
 
 
 
 
 

Momentum 
Impulse 
Elastic/Inelastic  
 collisions 
 

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-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. 
 
* Please also see above referenced  
   goals delineated by AP board for  
   course 

1. Students will utilize a simulation to 
determine the difference between elastic 
and inelastic collisions 
2. Students will investigate the relationship 
between change in momentum, acting force, 
and time period over which force acts by 
constructing blowguns of various lengths 
and analyzing the distances darts travel as a 
result 
 

 
-Teacher   
 resource  
 materials 
-Student  
 textbook 
- Applets & 
  simulations 
-Videos 
-AP sample 
 exam questions 
-Demonstrations 
-Labs 
 

 
 
 
 

Differentiation 

 
Support -- for 
students who 
are struggling 
with the content 
  

Content:  same concepts 
 
Process:  (1) meet with students outside of class to aid with understanding, (2) provide supplementary 
materials, (3) pair student up with a classmate who can serve as a mentor/study partner, (4) use additional 
scaffolding strategies with student   
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
  

 
Extension – for 
high achieving 
students.  

Content:  same concepts 
 
Process:  (1) provide move advanced questions and problems, (2) provide extensions on class activities, 
(3) have student tutor a classmate 
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Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 

Evaluation 

Formative Assessments (ongoing & mid-lesson):  (ongoing & mid-lesson):  Homework, warm-ups, question and 
answer sessions, labs, quizzes, and chapter tests 
 
 
 
Summative Assessments (unit final evaluation):  Unit exams (consisting of multiple-choice and free-response 
questions) 
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Unit 5 
Length of Unit …   ( 15 days/ 3 weeks/ 15 class sessions) 

Key Vocabulary Standards (referenced) Model Tasks Tools / Texts 

 
Circular Motion 

and 
Gravitation 

 
 
 
 

Centripetal force 
Centripetal  
 acceleration 
Tangential  
 velocity 
Inertial mass 
Gravitational  
 mass 
Gravitational field 
Orbital velocity 
Orbital period 
Newton’s Law of  
 Universal  
 Gravitation 
Kepler’s 3 Laws  
 of Planetary  
 Motion 

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-PS2-4. 
Use mathematical representations of 
Newton’s Law of Gravitation and 
Coulomb’s Law to describe and 
predict the gravitational and 
electrostatic forces between objects. 
 
* Please also see above referenced  
   goals delineated by AP board for  
   course 

1. Students will explore the relationships 
among centripetal acceleration, centripetal 
force, mass, velocity, and radius by swinging 
a rubber stopper at various speeds while 
keeping a hanging mass stationary 
2. Students will research and report findings 
in writing the similarities and differences 
between inertial and gravitational mass 
3.Students will utilize a simulation to 
discover the relationship between masses of 
object, the distance between them, and the 
gravitational force of attraction 
4. Students will apply Newton’s Law of 
Universal Gravitation to a satellite in circular 
orbit to verify Kepler’s 3

rd
 Law 

5. Students will plot planetary data to verify 
Kepler’s Laws 
 

 
-Teacher   
 resource  
 materials 
-Student  
 textbook 
- Applets & 
  simulations 
-Videos 
-AP sample 
 exam questions 
-Demonstrations 
-Labs 
 

 
 
 

Differentiation 

 
Support -- for 
students who 
are struggling 
with the content 
  

Content:  same concepts 
 
Process:  (1) meet with students outside of class to aid with understanding, (2) provide supplementary 
materials, (3) pair student up with a classmate who can serve as a mentor/study partner, (4) use additional 
scaffolding strategies with student   
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 

 
Extension – for 
high achieving 
students.  
 

Content:  same concepts 
 
Process:  (1) provide move advanced questions and problems, (2) provide extensions on class activities, 
(3) have student tutor a classmate 
 
Product: laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
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Note:  This course is designed as an advanced course to earn college credit; the course itself is designed 
as an extension of the regular HS curriculum. 

Evaluation 

Formative Assessments (ongoing & mid-lesson):  Homework, warm-ups, question and answer sessions, labs, quizzes, 
and chapter tests 
 
 
 
Summative Assessments (unit final evaluation):  Unit exams (consisting of multiple-choice and free-response 
questions) 
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Unit 6 
Length of Unit … ( 15 days / 3 weeks / 15 class sessions) …   

Key Vocabulary Standards (referenced) Model Tasks Tools / Texts 

 
Torque and 

Rotational 
Motion 

 
 
 
 
 

Angular 
 displacement 
Angular velocity 
Angular  
 acceleration 
Torque  
Lever arm 
Moment of Inertia 
Static equilibrium 
Translational  
 equilibrium 
Rotational  
 equilibrium 

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-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). 
 
* Please also see above referenced  
   goals delineated by AP board for  
   course 

1. Students explore the relationship between 
force and torque while using a simulation.  
Students place objects with given masses 
along a teeter tooter, and once balanced 
they calculate and verify the net torque  
2. Given two student volunteers with known 
masses, a board (with center of mass 
identified), and a sawhorse, students 
calculate the placement of the second 
student volunteer once given the location of 
the 1

st
 to produce balance. 

3. Students will discover the basics of 
rotational kinematic using a simulation 
4. Students research why an ice skater 
rotates faster once her arms are pulled in 
and provides additional examples of the 
conservation of angular momentum 
5.  Students investigate the concept of 
moment of inertia by analyzing two discs 
(one hollow and one solid) rolling down an 
inclined plane  

 
-Teacher   
 resource  
 materials 
-Student  
 textbook 
- Applets & 
  simulations 
-Videos 
-AP sample 
 exam questions 
-Demonstrations 
-Labs 
 

 
 
 

Differentiation 

 
Support -- for 
students who 
are struggling 
with the content 
  

Content:  same concepts 
 
Process:  (1) meet with students outside of class to aid with understanding, (2) provide supplementary 
materials, (3) pair student up with a classmate who can serve as a mentor/study partner, (4) use additional 
scaffolding strategies with student   
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 

 
Extension – for 

Content:  same concepts 
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high achieving 
students.  
 

Process:  (1) provide move advanced questions and problems, (2) provide extensions on class activities, 
(3) have student tutor a classmate 
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 
Note:  This course is designed as an advanced course to earn college credit; the course itself is designed 
as an extension of the regular HS curriculum. 

Evaluation 

Formative Assessments (ongoing & mid-lesson):  Homework, warm-ups, question and answer sessions, labs, quizzes, 
and chapter tests 
 
 
 
Summative Assessments (unit final evaluation):  Unit exams (consisting of multiple-choice and free-response 
questions) 
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Unit 7 
Length of Unit … ( 20 days / 4 weeks / 20 class sessions) …   

Key Vocabulary Standards (referenced) Model Tasks Tools / Texts 

 
Simple harmonic 

motion, 
Waves, and 
Sound 

 
 
 
 

Transverse wave 
Longitudinal  
 wave 
Mechanical wave 
Wave pulse 
Simple harmonic  
 motion 
Hooke’s Law 
Periodic motion 
Pendulum 
Period 
Amplitude 
Frequency 
Wavelength 
Spring constant 
Restoring force 
Interference 
Doppler Effect 
Standing wave 
Beats 
Node 
Antinode 

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-PS4-5. 
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.*   
 
* Please also see above referenced  
   goals delineated by AP board for  
   course 

1. Students will discover the properties of a 
pendulum that determine its period by being 
assigned a period and challenged to build a 
pendulum with that period using provided 
material.  Students then compare 
pendulums and submit a report detailing the 
properties that determine the pendulum’s 
period 
2. Students will demonstrate a transverse 
and longitudinal wave using a slinky  
3. Students will determine the spring 
constant of a given spring by hanging 
various masses, measuring corresponding 
elongation, graphing weight of mass versus 
elongation, and determining slope of line 
4. Students will use a graphical 
representation of a periodic mechanical 
wave to determine the amplitude and 
wavelength 
5. Students will investigate what happens 
when two waves meet using a computer 
simulation of a wave tank 
6. Students will experimentally determine 
the speed of sound in air by applying the 
concepts of standing waves in air columns  

 
-Teacher   
 resource  
 materials 
-Student  
 textbook 
- Applets & 
  simulations 
-Videos 
-AP sample 
 exam questions 
-Demonstrations 
-Labs 
 

 
 
 

Differentiation 

 
Support -- for 
students who 
are struggling 
with the content 
  

Content:  same concepts 
 
Process:  (1) meet with students outside of class to aid with understanding, (2) provide supplementary 
materials, (3) pair student up with a classmate who can serve as a mentor/study partner, (4) use additional 
scaffolding strategies with student   
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 

 Content:  same concepts 
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Extension – for 
high achieving 
students.  
 

 
Process:  (1) provide move advanced questions and problems, (2) provide extensions on class activities, 
(3) have student tutor a classmate 
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 
Note:  This course is designed as an advanced course to earn college credit; the course itself is designed 
as an extension of the regular HS curriculum. 

Evaluation 

Formative Assessments (ongoing & mid-lesson):  Homework, warm-ups, question and answer sessions, labs, quizzes, 
and chapter tests 
 
 
 
Summative Assessments (unit final evaluation):  Unit exams (consisting of multiple-choice and free-response 
questions) 
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Unit 8 
Length of Unit … (15 Days / 3 weeks / 15 class sessions) …   

Key Vocabulary Standards (referenced) Model Tasks Tools / Texts 

 
Electrostatics 

and an 
Introduction 
to Electricity 

 
Electrostatics 
Simple Electric 

Circuits 
 
 
 

Charge 
Proton 
Electron 
Conduction 
Induction 
Electric field 
Electric potential 
Voltage 
Coulomb’s Law 
Ohm’s Law 
Current 
Resistor 
Resistance 
Circuit 

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-PS4-2. 
Evaluate questions about the 
advantages of using a digital 
transmission and storage of 
information. 
 
 * Please also see above referenced  
   goals delineated by AP board for  
   course 

1. Students will explore electric fields and 
their interactions with charged particles by 
playing a simulation. 
2. Students will make qualitative 
observations of the behavior of an 
electroscope when it is charged by 
conduction and by induction 
3. Given a battery, light bulb, and wires, 
students will investigate and document the 
requirements of a closed, working circuit 
4. Students will investigate the behavior of 
resistors in series and parallel circuits.  This 
should include measurements of voltage 
and current. 
5. Using different materials, students will 
compare the relative strength of gravitational 
and electric forces 
6. Students will apply the concepts of 
conservation of energy and charge to simple 
electric circuits 

 
-Teacher   
 resource  
 materials 
-Student  
 textbook 
- Applets & 
  simulations 
-Videos 
-AP sample 
 exam questions 
-Demonstrations 
-Labs 
 

 
 
 

Differentiation 

 
Support -- for 
students who 
are struggling 
with the content 
  

Content:  same concepts 
 
Process:  (1) meet with students outside of class to aid with understanding, (2) provide supplementary 
materials, (3) pair student up with a classmate who can serve as a mentor/study partner, (4) use additional 
scaffolding strategies with student   
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 

 
Extension – for 
high achieving 
students.  
 

Content:  same concepts 
 
Process:  (1) provide move advanced questions and problems, (2) provide extensions on class activities, 
(3) have student tutor a classmate 
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
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explanation, discussion with teacher 
 
Note:  This course is designed as an advanced course to earn college credit; the course itself is designed 
as an extension of the regular HS curriculum. 

Evaluation 

Formative Assessments (ongoing & mid-lesson):  Homework, warm-ups, question and answer sessions, labs, quizzes, 
and chapter tests 
 
 
 
Summative Assessments (unit final evaluation):  Unit exams (consisting of multiple-choice and free-response 
questions) 
 
 
 

 
 
Post AP Test 
 
 

Unit 9 
Length of Unit … ( 25 Days / 5 weeks / 25 class sessions) …   

Key Vocabulary Standards (referenced) Model Tasks Tools / Texts 

 
Invention 

Challenge: 
 
Rube Goldberg 
 
 
 

Rube Goldberg 
Natural  
  Resources 
Isolated 
 Population 
Undeveloped  
 Countries 
Constraint 
Social Norms 
 
All above listed 
Physics 
vocabulary 
 
 
 

HS-ETS1.1 
Analyze a major global challenge to 
specify qualitative and quantitative 
criteria and constraints for solutions 
that account for societal needs and 
wants. 
HS-ETS1.2 
Design a solution to a complex real-
world problem by breaking it down into 
smaller, more manageable problems 
that can be solved through 
engineering. 
HS-ETS1.3 
Evaluate a solution to a complex real-
world problem based on prioritized 
criteria and trade-offs that account for 
a range of constraints, including cost, 

1. Students will be required to design a 
Rube Goldberg apparatus that will deliver a 
necessary item or perform a necessary 
function for an isolated population.  The 
students must take into consideration social 
norms and available resources while 
creating the apparatus.  
2.  Research and collaborative groups will 
facilitate students in developing an 
understanding the needs and restrictions of 
their projects.   
3. Students will use learned physics 
concepts to solve this non-routine problems 
which highlight a minimum of 4 physics 
concepts. 
4. After constructing Rube Goldberg 
machines, students will assess and critique 

 
-Internet access 
-Varies depending 
on the 
collaborative 
blueprint of the 
Rube Goldberg 
machine 
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safety, reliability, and aesthetics, as 
well as possible social, cultural, and 
environmental impacts. 
HS-ETS1.4 
Use a computer simulation to model 
the impact of proposed solutions to a 
complex real-world problem with 
numerous criteria and constraints on 
interactions within and between 
systems relevant to the problem. 
 
 * Please also see above referenced  
   goals delineated by AP board for  
   course 

fellow classmates’ machines. 
5. Time permitting, students work together 
as a class to revise and construct the 
ultimate Rube Goldberg machine. 

Differentiation 

 
Support -- for 
students who 
are struggling 
with the content 
  

Content:  same concepts 
 
Process:  (1) meet with students outside of class to aid with understanding, (2) provide supplementary 
materials, (3) pair student up with a classmate who can serve as a mentor/study partner, (4) use additional 
scaffolding strategies with student   
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 

 
Extension – for 
high achieving 
students.  
 

Content:  same concepts 
 
Process:  (1) provide move advanced questions and problems, (2) provide extensions on class activities, 
(3) have student tutor a classmate 
 
Product:  laboratory report, power point, video, research paper, quantitative problem-solving, qualitative 
explanation, discussion with teacher 
 
Note:  This course is designed as an advanced course to earn college credit; the course itself is designed 
as an extension of the regular HS curriculum. 

Evaluation 

Formative Assessments (ongoing & mid-lesson):  Progress checks:  research, collaboration, blueprint, and 
documentation of progress.  
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Summative Assessments (unit final evaluation): Assess and evaluate the application of the physics concepts in the 
Rube Goldberg machines. Analyzing and critiquing the success and real life application based upon the given 
constraints.   
 
 

 
 


