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PHYSICS CURRICULUM 
 

Unit 1: Measurement and Mathematics  
 

OVERVIEW 
 

Summary 
Mathematics is an essential tool of physics.  This unit will familiarize students with measurements and 
standards.  Students will learn about presenting scientific information with precision, accuracy, in significant 
digits and scientific notation.  They will also learn about graphing data and how equations and graphs reveal the 
relationships between variables. 
 
Content to Be Learned 

● List basic SI units and the quantities they describe. 
● Convert measurements into scientific notation. 
● Distinguish between accuracy and precision. 
● Use significant figures in measurements and calculations. 
● Interpret data in tables and graphs, and recognize equations that summarize data. 
● Distinguish between conventions for abbreviating units and quantities. 
● Use dimensional analysis to check the validity of expressions. 
● Perform order-of-magnitude calculations. 

 
  Practices 

● Using Mathematics and Computational Thinking 
○ Mathematics and computational tools are central to science and engineering. 
○ Mathematics enables the numerical representation of variables, the symbolic representation of 

relationships between physical entities, and the prediction of outcomes.  
○ Mathematics provides powerful models for describing and predicting such phenomena as atomic 

structure, and quantum mechanics. 
 
Crosscutting Concepts 
● Scale, proportion, and quantity.  
● In considering phenomena, it is critical to recognize what is relevant at different measures of size, 

time, and energy. 
● Recognize how changes in scale, proportion, or quantity affect a system’s structure or performance. 

 



 

Essential Questions 
● Why do scientists use the metric system? 
● How can dimensional analysis help evaluate answers? 
● What are significant figures? 

 
Common Core Standards 

● RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual 
form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in 
an equation) into words.  

● MP.2 Reason abstractly and quantitatively.  
● MP.4 Model with mathematics.  
● HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and the 
origin in graphs and data displays.  

● HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.  
● HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities.  

Next Generation Science Standards 

 

 



 

Unit 2: Motion in One Dimension 
 

OVERVIEW 
 

Summary 
Net forces on an object causes an object’s velocity to change.  Forces can be exerted by direct contact or by 
electric, magnetic or gravitational fields.  It is Newton’s laws that will give us an in-depth knowledge of the 
inter relationships. 
 
Content to Be Learned 

● Describe motion in terms of displacement, time, and velocity. 
● Calculate the displacement of an object traveling at a known velocity for a specific time interval. 
● Construct and interpret graphs of position versus time. 
● Describe motion in terms of changing velocity. 
● Compare graphical representations of accelerated and non-accelerated motions. 
● Apply kinematic equations to calculate distance, time or velocity under conditions of constant 

acceleration. 
● Relate the motion of a freely falling body to motion with constant acceleration. 
● Calculate displacement, velocity and time at various points in the motion of a freely falling object. 
● Compare the motions of different objects in free fall. 

 
Practices 

● Planning and carrying out investigations. 
● Analyzing and interpreting data. 
● Using mathematical and computational thinking. 
● Constructing explanations and designing solutions. 

 
Crosscutting Concepts 

● Patterns. 
● Cause and effect. 
● Systems and system models. 

 
Essential Questions 

● How do motion diagrams represent motion? 
● How can you use a particle model to represent a moving object? 

 



 

Next Generation Science Standards 

 



 



 

 



 

 



 

 



 

 

 
Unit 3: Two Dimensional Motion and Vectors 

 
OVERVIEW 

 
Summary 

Newton’s laws can be extended from one dimensional motion to two dimension.  Students will be introduced to 
formal vector addition which play a key role in describing the outcomes of forces in two dimensions.  The fields 
of kinetics and statics will be included in the Newtonian analyses.  Additional topics will include incline planes 
and equilibria. 
 
Content to Be Learned 

● Distinguish between a scalar and a vector. 
● Add and subtract vectors using the graphical method. 
● Multiply and divide vectors by scalars. 
● Identify appropriate coordinate systems for solving problems with vectors. 



 

● Apply the Pythagorean theorem and tangent function to calculate the magnitude and direction of a 
resultant vector. 

● Resolve vectors into components using the sine and cosine functions. 
● Add vectors that are not perpendicular. 
● Recognize examples of projectile motion. 
● Describe the path of a projectile as a parabola. 
● Resolve vectors into their components and apply the kinematic equations to solve problems involving 

projectile motion. 
● Describe situations in terms of frame of reference. 
● Solve problems involving relative velocity. 

 
Practices 

● Planning and carrying out investigations. 
● Analyzing and interpreting data. 
● Using mathematical and computational thinking. 
● Obtaining, evaluating, and communicating information. 
● Science models, laws, mechanisms, and theories explain natural phenomena. 

 
Crosscutting Concepts 

● Patterns. 
● Cause and effect. 
● Systems and system models. 
● Structure and function. 

 
Essential Questions 

● How are vectors added graphically? 
● What are the components of a vector? 
● How are vectors added algebraically? 
● How are the vertical and horizontal motions of a projectile related? 
● What are the relationships between a projectile’s height, time in the air, initial velocity, and 

horizontal distance traveled? 
 



 

Next Generation Science Standards 

 



 

 



 

 



 

 

 
Unit 4: Forces and Laws of Motion Dynamics 

 
OVERVIEW 

 
Summary 

The concepts of  kinematics and dynamics will be extended into motion in two dimensions.  Projectile motion 
will be analyzed by applying kinematics of motion with constant velocity horizontally and motion with constant 
acceleration vertically.  In addition, Newton’s laws will be used to analyze circular motion and relative velocity. 
 
Content to Be Learned 

● Explain how force affects the motion of an object. 
● Distinguish between contact forces and field forces. 



 

● Interpret and construct free-body diagrams. 
● Explain the relationship between the motion of an object and the net external force acting on it. 
● Determine the net external force on an object. 
● Calculate the force required to bring an object into equilibrium.  
● Describe the acceleration of an object in terms of its mass and the net external force acting on it. 
● Predict the direction and magnitude of the acceleration caused by a known net external force. 
● Identify action-reaction pairs. 
● Explain why action-reaction pairs do not result in equilibrium. 

 
 Practices 

● Planning and carrying out investigations. 
● Analyzing and interpreting data. 
● Using mathematical and computational thinking. 
● Constructing explanations and designing solutions. 
● Obtaining, evaluating, and communicating information. 
● Science models, laws, mechanisms, and theories explain natural phenomena. 

 
Crosscutting Concepts 

● Patterns. 
● Cause and effect. 
● Systems and system models. 
● Structure and function. 

 
Essential Questions 

● What is acceleration? 
● How is acceleration different from velocity? 
● What information can you learn from velocity-time graphs? 
● What is force? 
● What is the relationship between force and acceleration? 
● How does motion change when the net force is zero? 



 

 
Next Generation Science Standards 

 

 



 

 



 

 



 

 



 

 
 



 

 



 

 

 

Unit 5: Work and Energy 
 

OVERVIEW 
 

 
Summary 

The relationships among force, displacement, work, and energy will be considered in this unit.  Mechanical 
advantages of machines will be explored through hands on activities.  The ideas of transfer of energy through 
executing a force over a distance will be analyzed and calculated for simple and compound machines. 
 
Content to Be Learned 

● Recognize the difference between the scientific and the ordinary definitions of work. 
● Define work, relating it to force and displacement. 
● Identify where work is being performed in a variety of situations. 
● Calculate the net work done when many forces are applied to an object. 
● Identify several forms of energy. 
● Calculate kinetic energy for an object. 
● Distinguish between kinetic and potential energy. 
● Classify different types of potential energy. 
● Calculate the potential energy associated with an object’s position. 
● Identify situation in which conservation of mechanical energy is valid. 
● Recognize the forms that conserved energy can take. 
● Solve problems using conservation of mechanical energy. 



 

● Apply the work-kinetic energy theorem to solve problems. 
● Relate the concepts of energy, time and power. 
● Calculate power in two different ways. 
● Explain the effect of machines on work and power. 

 
Practices 

● Planning and carrying out investigations. 
● Analyzing and interpreting data. 
● Using mathematical and computational thinking. 
● Science models, laws, mechanisms, and theories explain natural phenomena. 

 
Crosscutting Concepts 

● Patterns. 
● Cause and effect. 
● Systems and system models. 
● Structure and function. 

 
Essential Questions 

● What is work? 
● What is energy? 
● How are work and energy related? 
● What is power, and how is it related to work and energy? 
● What is a machine, and how does it make tasks easier? 
● How are mechanical advantage, the effort force, and the resistance force related? 
● What is a machine’s ideal mechanical advantage? 
● What does the term efficiency mean? 
● How is a system’s motion related to its kinetic energy? 
● What is gravitational potential energy? 
● What is elastic potential energy? 
● How are mass and energy related? 
● Under what conditions is energy conserved? 
● What is mechanical energy, and when is it conserved? 
● How are momentum and kinetic energy conserved or changed in a collision? 
● What is a simple harmonic motion? 
● How much energy is stored in a spring? 
● What affects a pendulum’s period? 

 



 

Next Generation Science Standards 

 

 



 

 



 

 

 



 

 
 



 

 



 

 



 

 

 

Unit 6: Momentum and Collisions 
 

OVERVIEW 
 

Summary 
This unit involves changes in motion of an object by considering an object’s momentum before and after forces                  
act on it. The Law of Conservation of Momentum will be described in terms of a complete system when no net                     
external forces act on the objects involved. 
 
Content to Be Learned 

● Compare the momentum of different moving objects. 
● Compare the momentum of the same object moving with different velocities. 
● Identify examples of change in the momentum of an object. 
● Describe changes in momentum in terms of force and time. 
● Describe the interactions between two objects in terms of the change in momentum of each object. 
● Compare the total momentum of two objects before and after they interact. 
● State the law of conservation of momentum. 
● Predict the final velocities of objects after collisions, given the initial velocities. 
● Identify different types of collisions. 
● Determine the decrease in kinetic energy during perfectly inelastic collisions. 
● Compare conservation of momentum and conservation of kinetic energy in perfectly inelastic and 

elastic collisions. 
● Find the final velocity of an object in perfectly inelastic and elastic collisions. 



 

 
Practices 

● Planning and carrying out investigations. 
● Analyzing and interpreting data. 
● Using mathematical and computational thinking. 
● Constructing explanations and designing solutions. 
● Obtaining, evaluating, and communicating information. 
● Science models, laws, mechanisms, and theories explain natural phenomena. 

 
Crosscutting Concepts 

● Patterns. 
● Cause and effect. 
● Systems and system models. 
● Structure and function. 

 
Essential Questions 

● What is impulse? 
● What is momentum? 
● WHat is angular momentum? 
● How does Newton’s third law relate to conservation of momentum? 
● Under what conditions is momentum conserved? 
● How can the law of conservation of momentum and the law of conservation of angular momentum 

help explain the motion of objects? 
 



 

Next Generation Science Standards 

 

 



 

 



 

 



 

 



 

 
 



 

 



 

 



 

 

 

Unit 7: Rotational Motion and Laws of Gravity 
 

OVERVIEW 
 

 
Summary 

Linear motion and rotational motion obey Newton’s laws.  However, as an object rotates, different parts of an 
object experience different velocities and accelerations.  This unit will ascribe the concepts of torque and 
moments of inertia to this common type of motion. In addition, torque will be used to determine rotational 
equilibrium of objects. 
 
Content to Be Learned 

● Relate radians to degrees. 
● Calculate angular displacement using the arc length and the distance from the axis of rotation. 
● Calculate angular speed or angular acceleration. 
● Solve problems using kinematic equations for rotational motion. 
● Find the tangential speed of a point on a rigid rotating object using the angular speed and the radius. 
● Solve problems involving tangential acceleration. 
● Solve problems involving centripetal acceleration. 
● Calculate the force that maintains circular motion. 
● Explain how the apparent existence of a toward force in circular motion can be explained as inertia 

resisting the force that maintains circular motion. 
● Apply Newton’s universal law of gravitation to find the gravitational force between two masses. 



 

● Recognize the difference between a point mass and an extended object. 
● Distinguish between torque and force. 
● Calculate the magnitude of a torque on an object. 
● Identify the lever arm associated with a torque on an object. 
● Identify the center of mass of an object. 
● Distinguish between mass and moment of inertia. 
● Define the second condition of equilibrium. 
● Solve problems involving the first and second conditions of equilibrium.  
● Describe Newton’s second law of rotation. 
● Calculate the angular momentum for various rotating objects.  
● Solve problems involving rotational kinetic energy. 

 
Practices 

● Planning and carrying out investigations. 
● Analyzing and interpreting data. 
● Using mathematical and computational thinking. 
● Constructing explanations and designing solutions. 
● Obtaining, evaluating, and communicating information. 
● Science models, laws, mechanisms, and theories explain natural phenomena. 

 
Crosscutting Concepts 

● Patterns. 
● Cause and effect. 
● Systems and system models. 
● Structure and function. 

 
Essential Questions 

● What is the relationship between a planet’s orbital radius and period? 
● What is Newton’s law of universal gravitation, and how does it relate to Kepler’s laws? 
● Why was Cavendish’s investigation important? 
● How can you describe orbital motion? 
● How are gravitational mass and inertial mass alike, and how are they different? 
● How is gravitational force explained, and what did Einstein propose about gravitational force? 

 



 

Next Generation Science Standards 

 

 



 

 



 

 



 

 



 

 
 



 

 

 
Unit 8: Electric and Magnetic Forces and Fields  

 
OVERVIEW 

 
Summary 

These complementary phenomenon will be considered separately and together in terms of attractive, repulsive 
forces and fields.  Magnitudes of fields and changes will then be addressed by the inverse square of the distance 
separating them. 
 



 

Content to Be Learned 
● Understand the basic properties of electric charge. 
● Differentiate between conductors and insulators. 
● Distinguish between charging by contact, charging by induction, and charging by polarization. 
● Calculate electric force using Coulomb’s law. 
● Compare electric force with gravitational force. 
● Apply the superposition principle to find the resultant force on a charge and to find the position at 

which the net force on a charge is zero. 
● Calculate electric field strength. 
● Draw and interpret electric field lines. 
● Identify the four properties associated with a conductor in electrostatic equilibrium. 
● Define electrical potential energy. 
● Compute the electrical potential energy for various charge distributions. 
● Distinguish between electrical potential energy, electric potential, and potential difference. 
● Compute the electric potential for various charge distributions. 
● Relate capacitance to the storage of electrical potential energy in the form of separated charges. 
● Calculate the capacitance of various devices. 
● Calculate the energy stored in a capacitor. 
● For given situations, predict whether magnets will repel or attract each other. 
● Describe the magnetic field around a permanent magnet. 
● Describe the orientation of Earth’s magnetic field. 
● Describe the magnetic field produced by the current in a straight conductor and in a solenoid. 
● Explain magnetism in terms of the domain theory of magnetism. 
● Given the force on a charge in a magnetic field, determine the strength of the magnetic field. 
● Use the right-hand rule to find the direction of the force on a charge moving through a magnetic field. 
● Determine the magnitude and direction of the force on a wire carrying current in a magnetic field. 

 
Practices 

● Planning and carrying out investigations. 
● Analyzing and interpreting data. 
● Using mathematical and computational thinking. 
● Constructing explanations and designing solutions. 
● Obtaining, evaluating, and communicating information. 
● Science models, laws, mechanisms, and theories explain natural phenomena. 

 
Crosscutting Concepts 

● Patterns. 
● Cause and effect. 
● Systems and system models. 
● Structure and function. 
● Energy and matter. 
● Influence of science, engineering, and technology on society in the natural world. 

 
Essential Questions 

● How can you demonstrate that charged objects exert forces, both attractive and repulsive? 



 

● How do we know that charging is the separation, not the creation, of electric charges? 
● What are the differences between conductors and insulators? 
● What is an electric field? 
● How are charge, electric field, and forces on changed objects related? 
● How can you represent electric fields in diagrams and other models? 
● What are some properties of magnets? 
● What causes an object to be magnetic? 
● What are the characteristics of magnetic fields? 
● What is the relationship between magnetic fields and electric currents? 

 
Next Generation Science Standards 

 



 

 



 

 



 

 
 



 

 



 

 



 

 

 



 

 

 

Unit 9: Waves and Electromagnetic Radiation 
 

Summary 
Water, sound, and electromagnetic waves will be compared and contrasted in this unit.  Characteristics of each 
will be considered in terms of generation, modes of transport, crests, troughs, wavelength, frequency, 
amplitude, and cycles/second.  Particular attention will be payed to radiation in terms of generation and 
communication. 

 
 

OVERVIEW 



 

 
Subunit 9.1: Vibration and Waves 

 
Content to Be Learned 

● Identify the conditions of simple harmonic motion. 
● Explain how force, velocity, and acceleration change as an object vibrates with simple harmonic 

motion. 
● Calculate the spring force using Hooke’s law. 
● Identify the amplitude of vibration. 
● Recognize the relationship between period and frequency. 
● Calculate the period and frequency of an object vibrating with simple harmonic motion. 
● Distinguish local particle vibrations from overall wave motion. 
● Differentiate between pulse waves and periodic waves. 
● Interpret waveforms of transverse and longitudinal waves. 
● Apply the relationship among wave speed, frequency and wavelength to solve problems. 
● Relate energy and amplitude. 
● Apply the superposition principle. 
● Differentiate between constructive and destructive interference. 
● Predict when a reflected wave will be inverted. 
● Predict whether specific traveling waves will produce a standing wave. 
● Identify nodes and antinodes of a standing wave. 

 

Subunit 9.2: Sound Wave 
 
Content to Be Learned 

● Explain how sound waves are produced. 
● Relate frequency to pitch. 
● Compare the speed of sound in various media. 
● Relate plane waves to spherical waves. 
● Recognize the Doppler effect and determine the direction of a frequency shift when there is relative 

motion between a source and an observer. 
● Calculate the intensity of sound waves. 
● Relate intensity, decibel level, and perceived loudness. 
● Explain why resonance occurs. 
● Differentiate between the harmonic series of open and closed pipes. 
● Calculate the harmonics of a vibrating string and of open and closed pipes. 
● Relate harmonics and timbre. 
● Relate the frequency difference between two waves to the number of beats heard per second. 

 

Subunit 9.3: Characteristics of Light 
 



 

Content to Be Learned 
● Identify the components of the electromagnetic spectrum. 
● Calculate the frequency or wavelength of electromagnetic radiation. 
● Recognize that light has a finite speed. 
● Describe how the brightness of a light source is affected by distance. 
● Distinguish between specular and diffuse reflection of light. 
● Apply the law of reflection for flat mirrors. 
● Describe the nature of images formed by flat mirrors. 
● Calculate the distances and focal lengths using the mirror equation for concave and convex spherical 

mirrors. 
● Draw ray diagrams to find the image distance and magnification for concave and convex spherical 

mirrors. 
● Distinguish between real and virtual images. 
● Describe how parabolic mirrors differ from spherical mirrors. 
● Recognize how additive colors affect the color of light. 
● Recognize how pigments affect the color of reflected light. 
● Explain how linearly polarized light is formed and detected. 

 

Subunit 9.4: Refraction 
 
Content to Be Learned 

● Recognize situations in which refraction will occur. 
● Identify which direction light will bend when it passes from one medium to another. 
● Solve problems using Snell’s law. 
● Use ray diagrams to find the position of an image produced by a converging or diverging lens, and 

identify the image as real or virtual. 
● Solve problems using the thin-lens equation. 
● Calculate the magnification of lenses. 
● Describe the positioning of lense in compound microscopes and refracting telescopes. 
● Predict whether light will be refracted or undergo total internal reflection. 
● Recognize atmospheric conditions that cause refraction. 
● Predict whether light will be refracted or undergo total internal reflection. 
● Recognize atmospheric conditions that cause refraction. 
● Explain dispersion and phenomena such as rainbows in terms of the relationship between the index of 

refraction and the wavelength. 
 

Subunit 9.5: Interference 
 
Content to Be Learned 

● Describe how light waves interfere with each other to produce bright and dark fringes. 
● Identify the conditions required for interference to occur. 
● Predict the location of interference fringes using the equation for double-slit interference. 
● Describe how light waves diffract around obstacles and produce bright and dark fringes. 



 

● Calculate the positions of fringes for a diffraction grating. 
● Describe how diffraction determines an optical instrument's ability to resolve images. 
● Describe the properties of laser light. 
● Explain how laser light has particular advantages in certain applications. 

 
Practices 

● Planning and carrying out investigations. 
● Analyzing and interpreting data. 
● Using mathematical and computational thinking. 
● Constructing explanations and designing solutions. 
● Science models, laws, mechanisms, and theories explain natural phenomena. 

 
Crosscutting Concepts 

● Patterns. 
● Cause and effect. 
● Systems and system models. 
● Structure and function. 

 
Essential Questions 

● What is the origin of sound? 
● What are the characteristics of resonance in air columns? 
● What are the characteristics of resonance on strings? 
● Why are there variations in sound quality among instruments? 
● How are beats produced? 
● What is the ray model of light? 
● How are distance and illumination related? 
● How was the speed of light determined? 
● What is the law of reflection? 
● What is the difference between specular and diffuse reflection? 
● How can the images formed by plane mirrors be located? 

 
 



 

Next Generation Science Standards 

 



 

 

 



 

 

 



 

 



 

 



 

 

 

Unit 10: Modern Physics 
 

OVERVIEW 
 

Summary 
Modern Physics refers to the advancements in physics from 1900s to the present.  The transition from Classical 
Newtonian physics to Quantum Mechanics has changed the way scientists look at the world.  An understanding 
of this change is critical in securing a good foundation for physic students.  This  transition is leading to new 
information technologies that present new opportunities to advance how information is processed and stored.  
 
Content to Be Learned 

● Particle wave duality. 
● Double slit experiment. 
● Heisenberg Uncertainty Principle. 
● Aspect experiment. 
● Quantum entanglement. 
● Superposition. 
● Quantum computing. 
● Implication to SETF. 

 
Practices 

● Asking questions and defining problems. 



 

● Evaluating questions that challenge the premise of an argument. 
● Obtaining, evaluating, and communicating information. 
● Science models, laws, mechanisms, and theories explain natural phenomena. 

 
Crosscutting Concepts 

● Cause and effect. 
● Systems and system models. 
● Stability and change. 
● Interdependence of science, engineering, and technology. 
● Influence of science, engineering, and technology on society in the natural world. 

 
Essential Questions 

● How might quantum mechanics and computing effect artificial intelligence and the world? 
 
Next Generation Science Standards 

 



 

 



 

 



 

 

 
 



 

 

 
 

 

 


