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Unit Overview  
Content Area:                          Physics 

Unit Title:                                 Forces and Motion 

Target Course/Grade Level:  11 and 12 

Unit Summary:  In this unit students will become familiar with the way scientists describe forces and 

motion in the physical sense.  They will become accustomed to performing mathematical equations to find 

the information necessary to answer questions related to physics. 

Primary interdisciplinary connections:  Mathematics governs the manipulation of Newton’s Laws.  

Students will algebraically determine force, mass and acceleration given two of the three variables. 

21st century themes:  Scientific investigations and technological developments on new materials are 

critical.  Devices and processes used in various areas of society such as, consumer products, health care, 

communications, agriculture and industry, and the environment have central origins in physics 

Unit Rationale:  The use of kinematic equations is the basis of physics and necessary to determine the 

force and motion of an object anywhere in the Universe.  It is fundamental to understanding any of the 

concepts covered in the course. 

Learning Targets 

Disciplinary Core Ideas:  

1.A: Structure and Properties of Matter  

The structure and interactions of matter at the bulk scale are determined by electrical forces within and 

between atoms.  (secondary to HS-PS2-6) 

PS2.A: Forces and Motion  

 Newton’s second law accurately predicts changes in the motion of macroscopic objects.           

(HS-PS2-1)  

 Momentum is defined for a particular frame of reference; it is the mass times the velocity of the 

object. (HS-PS2-2)  

 If a system interacts with objects outside itself, the total momentum of the system can change; 

however, any such change is balanced by changes in the momentum of objects outside the system. 

(HS-PS2-2),(HS-PS2-3)  

PS2.B: Types of Interactions  

 Newton’s law of universal gravitation and Coulomb’s law provide the mathematical models to 

describe and predict the effects of gravitational and electrostatic forces between distant objects. 

(HS-PS2-4)  

 Forces at a distance are explained by fields (gravitational, electric, and magnetic) permeating 

space that can transfer energy through space.  Magnets or electric currents cause magnetic fields; 

electric charges or changing magnetic fields cause electric fields. (HS-PS2-4),(HS-PS2-5)  

 Attraction and repulsion between electric charges at the atomic scale explain the structure, 

properties, and transformations of matter, as well as the contact forces between material objects. 

(HS-PS2-6), (secondary to HS-PS1-1), (secondary to HS-PS1-3) 

PS3.A: Definitions of Energy  

“Electrical energy” may mean energy stored in a battery or energy transmitted by electric currents.  

(secondary to HS-PS2-5) 

ETS1.A: Defining and Delimiting Engineering Problems  
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Criteria and constraints also include satisfying any requirements set by society, such as taking issues of 

risk mitigation into account, and they should be quantified to the extent possible and stated in such a way 

that one can tell if a given design meets them. (secondary to HS-PS2-3) 

ETS1.C: Optimizing the Design Solution  

Criteria may need to be broken down into simpler ones that can be approached systematically, and 

decisions about the priority of certain criteria over others (trade-offs) may be needed 

 

 

Science and Engineering Practices: 

Planning and Carrying Out Investigations  

Planning and carrying out investigations to answer questions or test solutions to problems in 9–12 builds 

on K–8 experiences and progresses to include investigations that provide evidence for and test conceptual, 

mathematical, physical and empirical models.  

 Plan and conduct an investigation individually and collaboratively to produce data to serve as the 

basis for evidence, and in the design: decide on types, how much, and accuracy of data needed to 

produce reliable measurements and consider limitations on the precision of the data (e.g., number 

of trials, cost, risk, time), and refine the design accordingly. (HS-PS2-5)  

Analyzing and Interpreting Data  

Analyzing data in 9–12 builds on K–8 and progresses to introducing more detailed statistical analysis, the 

comparison of data sets for consistency, and the use of models to generate and analyze data.  

 Analyze data using tools, technologies, and/or models (e.g., computational, mathematical) in order 

to make valid and reliable scientific claims or determine an optimal design solution. (HS-PS2-1)  

Using Mathematics and Computational Thinking  

Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data.  Simple computational simulations are created and used based on mathematical 

models of basic assumptions.  

 Use mathematical representations of phenomena to describe explanations. (HS-PS2-2),(HS-PS2-4)  

Constructing Explanations and Designing Solutions  

Constructing explanations and designing solutions in 9–12 builds on K–8 experiences and progresses to 

explanations and designs that are supported by multiple and independent student-generated sources of 

evidence consistent with scientific ideas, principles, and theories.  

 Apply scientific ideas to solve a design problem, taking into account possible unanticipated 

effects. (HS-PS2-3)  

Obtaining, Evaluating, and Communicating Information  

Obtaining, evaluating, and communicating information in 9–12 builds on K–8 and progresses to evaluating 

the validity and reliability of the claims, methods, and designs.  

 Communicate scientific and technical information (e.g. about the process of development and the 

design and performance of a proposed process or system) in multiple formats. 

NGSS#:  Next Generation Science Standard: 

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

Unit Essential Questions 

 A ball is thrown vertically upward.  What are its 

velocity and acceleration when it reaches its 

maximum altitude?  What is its acceleration just 

before it hits the ground? 

 Can a boat moving eastward accelerate to the 

west? 

 How do vector and scalar quantities differ? 

Unit Enduring Understandings 

 The velocity of the ball when it reaches its 

maximum altitude is zero.  Its acceleration is 9.8 

m/s2.  Its acceleration is still 9.8 m/s2 just before it 

hits the ground. 

 Yes, if a boat is moving eastward but decelerating 

its acceleration is said to be in the opposite 

direction to its motion. 
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 Vector quantities have both a magnitude and 

direction while scalar quantities have only a 

magnitude associated with them. 

Unit Learning Targets 

Students will ... 

 Identify activities and fields that involve the major areas within physics 

 Describe the processes of the scientific method 

 Describe the role of models and diagrams in physics 

 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 

 Distinguish between a scalar and a vector 

Evidence of Learning 
Summative Assessment:  45 days 

 Quizzes and tests 

 Laboratory Experiment Reports 

 Projects 

Equipment needed:  Lab materials and measuring instruments (thermometers, weight scale, rulers, data 

collection controllers) 

Teacher Resources:  Textbook and section review, study guide materials. 

 

Formative/Benchmark Assessments: 

 Quizzes and tests 

 Laboratory Experiment Reports 

 Projects 

  

 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Lab – Qualitative and Quantitative Observations 

 

2 Periods (80min) 

Lesson 2 

Lab – Conversion of Units of Measurement 

 

2 Period (80min) 

Lesson 3 

Lab – Determination of the velocity and 

acceleration of a toy car using the Pasco 

equipment 

 

2 Period (80min) 

Teacher Notes:  Use of laboratory equipment including the Pasco materials as well as stopwatches, meter 

sticks and toy cars help the students to see that the object is accelerating. 
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Curriculum Development Resources 

Click the links below to access additional resources used to design this unit: 

 

www.khanacademy.org 

 

phet.colorado.edu 

 

 

 

 

 

 

 

Unit Overview  
Content Area:                          Rotational Motion 

Unit Title:                                 Circular motion 

Target Course/Grade Level:  11 and 12 

Unit Summary:  Observe rotational motion on earth and around planets 

Primary interdisciplinary connections:   

Reason abstractly and quantitatively. (MS-PS2-1) ,(MS-PS2-2), (MS-PS2-3)  

6.NS.C.5  

Understand that positive and negative numbers are used together to describe quantities having opposite 

directions or values; use positive and negative numbers to represent quantities in real-world contexts, 

explaining the meaning of 0 in each situation. (MS-PS2-1)  

6.EE.A.2  

Write, read, and evaluate expressions in which letters stand for numbers.  (MS-PS2-1),(MS-PS2-2) 

21st century themes:  Spaceships in orbit with gravitational forces 

Unit Rationale:  The understanding of forces and their inter-relationship is fundamental to the 

understanding of Newton’s Laws 

Learning Targets 

Disciplinary Core Ideas:  

Forces and Motion  

 For any pair of interacting objects, the force exerted by the first object on the second object is 

equal in strength to the force that the second object exerts on the first, but in the opposite direction 

(Newton’s third law). (MS-PS2-1)  

 The motion of an object is determined by the sum of the forces acting on it; if the total force on the 

object is not zero, its motion will change.  The greater the mass of the object, the greater the force 

needed to achieve the same change in motion.  For any given object, a larger force causes a larger 

change in motion. (MS-PS2-2)  

 All positions of objects and the directions of forces and motions must be described in an arbitrarily 

chosen reference frame and arbitrarily chosen units of size.  In order to share information with 

other people, these choices must also be shared. 

Science and Engineering Practices: 

Constructing Explanations and Designing Solutions  

Constructing explanations and designing solutions in 6–8 builds on K–5 experiences and progresses to 

include constructing explanations and designing solutions supported by multiple sources of evidence 

consistent with scientific ideas, principles, and theories.  

 Apply scientific ideas or principles to design an object, tool, process or system. (MS-PS2-1)  

Engaging in Argument from Evidence  

http://www.khanacademy.org/
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Engaging in argument from evidence in 6–8 builds from K–5 experiences and progresses to constructing a 

convincing argument that supports or refutes claims for either explanations or solutions about the natural 

and designed world.  

 Construct and present oral and written arguments supported by empirical evidence and scientific 

reasoning to support or refute an explanation or a model for a phenomenon or a solution to a 

problem. (MS-PS2-4)  

NGSS#:  Next Generation Science Standard: 
HS-LS1-1 Construct an explanation based on evidence for how the structure of DNA determines the structure 

of proteins which carry out the essential functions of life through systems of specialized cells.  

MS-PS2-4. 

 

Construct and present arguments using evidence to support the claim that gravitational interactions 

are attractive and depend on the masses of interacting objects. 

MS-PS2-5. 

 

Conduct an investigation and evaluate the experimental design to provide evidence that fields exist 

between objects exerting forces on each other even though the objects are not in contact. 

 

Unit Essential Questions 

 When a wheel rotates about a fixed axis, do all 

points on the wheel have the same angular 

speed? 

 What does Newton’s Law of Universal Gravity 

state?  Fg = Gmm   R2 

Unit Enduring Understandings 

 No, the angular speed is determined by the 

distance of the point from the axis of rotation. 

 Every particle in the Universe attracts every other 

particle with a force that is directly proportional to 

the product of their masses and inversely 

proportional to the square of the distance between 

them. 

Unit Learning Targets 

Students will ... 
 Relate radians to degrees 

 Calculate angular displacement using the arc length and distance from the axis of rotation 

 Calculate angular speed or angular acceleration 

 Solve problems using the 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 an outward 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 

Evidence of Learning 
Summative Assessment:  45 days 

 Quizzes and tests 

 Laboratory Experiment Reports 

 Projects 

Equipment needed:  

Lab materials and measuring instruments  

Teacher Resources:  Textbook and section review, study guide materials. 
Formative/Benchmark Assessments 

 Questions and answers during lectures  Worksheets for in-class and at-home work 
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 Textbook-based review and reinforcement 

questions 

 

 

Lesson Plans  
Lesson Timeframe 

Lesson 1: Lab – Determining the speed of a 

rotating mass 

 

2 Class Periods – 80 minutes 

Lesson 2: Determination of the centripetal force 

of a rotating mass 

 

1 Class Period – 40 minutes 

Teacher Notes: Use of a mass attached to a string will demonstrate the rotational motion of a mass. 

Curriculum Development Resources 

www.khanacademy.org 

phet.colorado.edu 

Unit Overview  

Content Area:                          Waves and Vibrations 

Unit Title:                                 Light Sound and waves 

Target Course/Grade Level:  11 and 12 

Unit Summary:  In this unit students will apply the fundamentals learned in the previous units to waves 

and vibrations in order to allow them to understand how light and sound moves. 

Primary interdisciplinary connections:  

RST.6-8.1 

Cite specific textual evidence to support analysis of science and technical texts. (MS-PS4-3) 

RST.6-8.2  

Determine the central ideas or conclusions of a text; provide an accurate summary of the text distinct from 

prior knowledge or opinions. (MS-PS4-3)  

RST.6-8.9  

Compare and contrast the information gained from experiments, simulations, video, or multimedia sources 

with that gained from reading a text on the same topic. (MS-PS4-3) 

WHST.6-8.9 

Draw evidence from informational texts to support analysis, reflection, and research. (MS-PS4-3)  

SL.8.5  

Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and 

evidence, and add interest. (MS-PS4-1), (MS-PS4-2) 

Mathematics –  

MP.2  

Reason abstractly and quantitatively. (MS-PS4-1)  

MP.4  

Model with mathematics. (MS-PS4-1)  

6.RP.A.1  

Understand the concept of a ratio and use ratio language to describe a ratio relationship between two 

quantities. (MS-PS4-1)  

6.RP.A.3  

Use ratio and rate reasoning to solve real-world and mathematical problems. (MS-PS4-1)  

7.RP.A.2  

Recognize and represent proportional relationships between quantities. (MS-PS4-1)  

8.F.A.3  

Interpret the equation y = mx + b as defining a linear function, whose graph is a straight line; give 

examples of functions that are not linear.  

21st century themes:  Technology with ultrasound, sonar, and solar panels 

http://www.khanacademy.org/
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Unit Rationale:  relate frequency to wavelength in cycles for periods. 

Learning Targets 

Disciplinary Core Ideas:  

PS4.A: Wave Properties  

 A simple wave has a repeating pattern with a specific wavelength, frequency, and amplitude.  

(MS-PS4-1)  

 A sound wave needs a medium through which it is transmitted. (MS-PS4-2) 

PS4.B: Electromagnetic Radiation  

 When light shines on an object, it is reflected, absorbed, or transmitted through the object, 

depending on the object’s material and the frequency (color) of the light. (MS-PS4-2)  

 

 The path that light travels can be traced as straight lines, except at surfaces between different 

transparent materials (e.g., air and water, air and glass) where the light path bends. (MS-PS4-2)  

 A wave model of light is useful for explaining brightness, color, and the frequency-dependent 

bending of light at a surface between media. (MS-PS4-2)  

 However, because light can travel through space, it cannot be a matter wave, like sound or water 

waves. (MS-PS4-2)  

PS4.C: Information Technologies and Instrumentation  

 Digitized signals (sent as wave pulses) are a more reliable way to encode and transmit 

information. (MS-PS4-3)  

Science and Engineering Practices: 

Developing and Using Models  

Modeling in 6–8 builds on K–5 and progresses to developing, using, and revising models to describe, test, 

and predict more abstract phenomena and design systems.  

 Develop and use a model to describe phenomena. (MS-PS4-2) 

Using Mathematics and Computational Thinking  

Mathematical and computational thinking at the 6–8 level builds on K–5 and progresses to identifying 

patterns in large data sets and using mathematical concepts to support explanations and arguments.  

 Use mathematical representations to describe and/or support scientific conclusions and design 

solutions. (MS-PS4-1) 

Obtaining, Evaluating, and Communicating Information  

Obtaining, evaluating, and communicating information in 6-8 builds on K-5 and progresses to evaluating 

the merit and validity of ideas and methods.  

 Integrate qualitative scientific and technical information in written text with that contained in 

media and visual displays to clarify claims and findings. (MS-PS4-3)  

NGSS#:  Next Generation Science Standard: 

HS-LS1-1 Construct an explanation based on evidence for how the structure of DNA determines the 

structure of proteins which carry out the essential functions of life through systems of 

specialized cells.  

MS-PS4-1 Use mathematical representations to describe a simple model for waves that includes how 

the amplitude of a wave is related to the energy in a wave.  

MS-PS4-2 Develop and use a model to describe that waves are reflected, absorbed, or transmitted 

through various materials. 

MS-PS4-3 Integrate qualitative scientific and technical information to support the claim that digitized 

signals are a more reliable way to encode and transmit information than analog signals.  

Unit Essential Questions 

 Why do sound waves need a medium through 

which to travel? 

Unit Enduring Understandings 

 Sound waves are longitudinal waves that travel 

parallel to the direction in which they move.  In 
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 What are the differences between infrasonic, 

audible and ultrasonic sound waves? 

 How do the seven types of electromagnetic 

radiation differ from each other? 

order to do so, these types of waves need to vibrate 

a medium. 

 Audible sound waves are those humans can hear 

they are between 20 Hz and 20,000 Hz.  Infrasonic 

sound waves are below 20 Hz while ultrasonic 

sound waves are above 20,000 Hz, both are 

inaudible to the human ear. 

 While the seven types of electromagnetic radiation 

all travel at the same speed (3.0 x 108 m/s), they 

differ in wavelength and frequency. As the 

wavelength increases the frequency decreases. 

 

Unit Learning Targets 

Students will ... 

 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 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 

 Apply the super position principle 

 Differentiate between constructive and destructive interference 

 Predict when a reflected wave will be inverted 

 Identify nodes and antinodes on a standing wave 

 Explain how sounds are produced 

 Relate frequency and pitch 

 Compare the speed of sound in various media 

 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 

 Identify the components of the electromagnetic spectrum 

 Calculate the frequency or wavelength of electromagnetic radiation 

 Recognize that light has a finite speed 

 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 

 Distinguish between real and virtual images 

 Distinguish between images produced by convex and concave mirrors 

 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 

Evidence of Learning 
Summative Assessment (45 days):  
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 Quizzes 

 Unit Tests 

 Lab Experiments and Reports  

Equipment needed: 

springs, tuning forks 

 

Teacher Resources:  

You tube 

Physics classroom 

 

Formative/Benchmark Assessments: 

 Quizzes and tests 

 Laboratory Experiment Reports 

 Projects 

  

 

Lesson Plans  
Lesson Timeframe 

Lesson 1: Lab – Calculating the frequency of 

wavelenghts 

 

2 Class Periods – 80 minutes 

Lesson 2: harmonic motion  

1 Class Period – 40 minutes 

Lesson 3: Lab – Snell’s law  

2 Class Periods – 80 minutes 

Teacher Notes:  

 

Curriculum Development Resources 

Click the links below to access additional resources used to design this unit: cut and paste from old 

curriculum document that applies to this topic 

 

 

 

 
 

Unit Overview  
Content Area:                         Energy and Matter 

Unit Title:                                Work Kinetic and Potential 

Target Course/Grade Level:  11 and 12 

Unit Summary:  The conservation of energy is a fundamental physical concept.  Students will 

algebraically determine the potential energy, kinetic energy and heat energy in an object by measuring the 

change in position, velocity and temperature of the object 

Primary interdisciplinary connections:  Mathematics governs the manipulation of Newton’s Laws.  

Students will algebraically determine force, mass and acceleration given two of the three variables  

RST.6-8.1  

Cite specific textual evidence to support analysis of science and technical texts, attending to the precise 

details of explanations or descriptions (MS-PS3-1), (MS-PS3-5) 

RST.6-8.3  
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Follow precisely a multistep procedure when carrying out experiments, taking measurements, or 

performing technical tasks. (MS-PS3-3), (MS-PS3-4) 

RST.6-8.7  

Integrate quantitative or technical information expressed in words in a text with a version of that 

information expressed visually (e.g., in a flowchart, diagram, model, graph, or table). (MS-PS3-1) 

WHST.6-8.1  

Write arguments focused on discipline content. (MS-PS3-5) 

WHST.6-8.7 

Conduct short research projects to answer a question (including a self-generated question), drawing on 

several sources and gene rating additional related, focused questions that allow for multiple avenues of 

exploration. (MS-PS3-3), (MS-PS3-4) 

SL.8.5  

Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and 

evidence, and add interest. (MS-PS3-2)  

Mathematics –  

MP.2  

Reason abstractly and quantitatively. (MS-PS3-1), (MS-PS3-4), (MS-PS3-5)  

6.RP.A.1  

Understand the concept of ratio and use ratio language to describe a ratio relationship between two 

quantities. (MS-PS3-1), (MS-PS3-5)  

6.RP.A.2  

Understand the concept of a unit rate a/b associated with a ratio a:b with b ≠ 0, and use rate language in the 

context of a ratio relationship. (MS-PS3-1)  

7.RP.A.2  

Recognize and represent proportional relationships between quantities. (MS-PS3-1), (MS-PS3-5)  

8.EE.A.1  

Know and apply the properties of integer exponents to generate equivalent numerical expressions.       

(MS-PS3-1)  

8.EE.A.2  

Use square root and cube root symbols to represent solutions to equations of the form x2 = p and x3 = p, 

where p is a positive rational number.  Evaluate square roots of small perfect squares and cube roots of 

small perfect cubes. Know that √ 2 is irrational. (MS-PS3-1)  

8.F.A.3  

Interpret the equation y = mx + b as defining a linear function, whose graph is a straight line; give 

examples of functions that are not linear. (MS-PS3-1), (MS-PS3-5)  

6.SP.B.5  

Summarize numerical data sets in relation to their context. (MS-PS3-4)  

21st century themes:  Scientific investigations and technological developments on new materials are 

critical.  Devices and processes used in various areas of society such as, consumer products, health care, 

communications, agriculture and industry, and the environment have central origins in chemistry 

Unit Rationale:  Understand the relationship of the conservation of energy 

Learning Targets 

Disciplinary Core Ideas:  

PS3.A: Definitions of Energy  

 Motion energy is properly called kinetic energy; it is proportional to the mass of the moving object and 

grows with the square of its speed. (MS-PS3-1)  

 A system of objects may also contain stored (potential) energy, depending on their relative positions. 

(MS-PS3-2)  
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 Temperature is a measure of the average kinetic energy of particles of matter.  The relationship between 

the temperature and the total energy of a system depends on the types, states, and amounts of matter 

present. (MS-PS3-3), (MS-PS3-4)  

PS3.B: Conservation of Energy and Energy Transfer  

 When the motion energy of an object changes, there is inevitably some other change in energy at the 

same time. (MS-PS3-5)  

 The amount of energy transfer needed to change the temperature of a matter sample by a given amount 

depends on the nature of the matter, the size of the sample, and the environment. (MS-PS3-4)  

 Energy is spontaneously transferred out of hotter regions or objects and into colder ones. (MS-PS3-3)  

PS3.C: Relationship Between Energy and Forces  

 When two objects interact, each one exerts a force on the other that can cause energy to be transferred to 

or from the object. (MS-PS3-2)  

ETS1.A: Defining and Delimiting an Engineering Problem  

 The more precisely a design task’s criteria and constraints can be defined, the more likely it is that the 

designed solution will be successful.  Specification of constraints includes consideration of scientific 

principles and other relevant knowledge that is likely to limit possible solutions.                       

(secondary to MS-PS3-3) 

ETS1.B: Developing Possible Solutions  

 A solution needs to be tested, and then modified on the basis of the test results in order to improve it.  

There are systematic processes for evaluating solutions with respect to how well they meet criteria and 

constraints of a problem. (secondary to MS-PS3-3 

Science and Engineering Practices: 

Developing and Using Models  

Modeling in 6–8 builds on K–5 and progresses to developing, using and revising models to describe, test, 

and predict more abstract phenomena and design systems.  

 Develop a model to describe unobservable mechanisms. (MS-PS3-2)  

Planning and Carrying Out Investigations  

Planning and carrying out investigations to answer questions or test solutions to problems in 6–8 builds on 

K–5 experiences and progresses to include investigations that use multiple variables and provide evidence 

to support explanations or design solutions.  

 Plan an investigation individually and collaboratively, and in the design: identify independent and 

dependent variables and controls, what tools are needed to do the gathering, how measurements will be 

recorded, and how many data are needed to support a claim. (MS-PS3-4)  

Analyzing and Interpreting Data  

Analyzing data in 6–8 builds on K–5 and progresses to extending quantitative analysis to investigations, 

distinguishing between correlation and causation, and basic statistical techniques of data and error 

analysis.  

 Construct and interpret graphical displays of data to identify linear and nonlinear relationships.        

(MS-PS3-1)  

Constructing Explanations and Designing Solutions  

Constructing explanations and designing solutions in 6–8 builds on K–5 experiences and progresses to 

include constructing explanations and designing solutions supported by multiple sources of evidence 

consistent with scientific ideas, principles, and theories.  

 Apply scientific ideas or principles to design, construct, and test a design of an object, tool, process or 

system. (MS-PS3-3)  

Engaging in Argument from Evidence  

Engaging in argument from evidence in 6–8 builds on K–5 experiences and progresses to constructing a 

convincing argument that supports or refutes claims for either explanations or solutions about the natural 

and designed worlds.  
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 Construct, use, and present oral and written arguments supported by empirical evidence and scientific 

reasoning to support or refute an explanation or a model for a phenomenon. (MS-PS3-5)  

NGSS#:  Next Generation Science Standard: 

HS-LS1-1 Construct an explanation based on evidence for how the structure of DNA determines the 

structure of proteins which carry out the essential functions of life through systems of 

specialized cells.  

HS-PS3-1. 

 

Construct and interpret graphical displays of data to describe the relationships of kinetic 

energy to the mass of an object and to the speed of an object 

HS-PS3-2 

 

Develop a model to describe that when the arrangement of objects interacting at a distance 

changes, different amounts of potential energy are stored in the system. 

HS-PS3-3. 

 

Apply scientific principles to design, construct, and test a device that either minimizes or 

maximizes thermal energy transfer 

HS-PS3-4 

 

Plan an investigation to determine the relationships among the energy transferred, the type 

of matter, the mass, and the change in the average kinetic energy of the particles as 

measured by the temperature of the sample 

HS-PS3-5. 

 

Construct, use, and present arguments to support the claim that when the kinetic energy of 

an object changes, energy is transferred to or from the object 

Unit Essential Questions 

 How much work is done by a weightlifter 

while he holds a heavy bar above his head? 

 If an object is not moving, what is its 

momentum? 

 If two objects have equal kinetic energies, 

do they have the same momentum? 

Unit Enduring Understandings 

 None, the definition of work is that the force 

applied must result in the movement of the 

object. 

 None, the definition of momentum is that the 

object must be moving to have momentum. 

 Not necessarily, their masses and velocities 

may be different 
Unit Learning Targets 

Students will ... 

 Recognize the difference between the scientific and 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 

 Distinguish between potential and kinetic energy 

 Calculate the kinetic energy of an object 

 Calculate the potential energy of an object with an object’s position 

 Identify situations in which conservation of mechanical energy is valid 

 Solve problems using conservation of mechanical energy 

 Apply the work-kinetic energy theorem to solve problems 

 Relate the concepts of energy, time and power 

 Explain the effect of machines on power and work 

 Compare the momentum of different moving objects 

 Compare the momentum of the same object moving with different velocities 

 Describe changes of momentum in terms of force and time 

 Describe the interaction 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 their initial velocities 

 Identify the different types of collisions 

 Determine the decrease in kinetic energy during perfectly inelastic collisions 
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 Compare conservation of momentum and conservation of kinetic energy in perfectly inelastic and elastic 

collision 

 Relate the temperature to the kinetic energy of atoms and molecules 

 Describe the changes in the temperatures of two objects reaching thermal equilibrium 

 Identify the various temperature scales and be able to convert from scale to another 

 Explain heat as the transfer of energy between substances that are at different temperatures 

 Relate heat and temperature change on the macroscopic level to particle motion on the microscopic level 

 Apply the principle of energy conservation to calculate changes in potential, kinetic, and internal energy 

 Perform calculations with specific heat capacity 

 Perform calculations involving latent heat 

 Interpret the various sections of a heating curve 

Evidence of Learning 
Summative Assessment (45 days): 

 Quizzes and tests 

 Laboratory Experiment Reports 

 Projects 

Equipment needed:  

Lab materials and measuring instruments (thermometers, weight scale, rulers, data collection controllers) 

Teacher Resources:  Textbook and section review, study guide materials. 
Formative/Benchmark Assessments 

 Questions and answers during lectures 

 Textbook-based review and reinforcement 

questions 

 Worksheets for in-class and at-home work 

 

 

Lesson Plans  
Lesson Timeframe 
Lesson 1 

Lab – Determination of the change in kinetic energy 

into potential energy using rubber frogs 

 

2 Period (80 mins) 

Lesson 2 

Lab – Determining the specific heat capacity of a 

substance 

 

2 Periods (80 mins) 

Lesson 3 

Lab – Determining the latent heat of fusion of water 

 

2 Periods (80 mins) 

Teacher Notes:  Use of Pasco probes help to determine the speed, acceleration and heat of substances to find the 

conservation of energy in each of the labs. 

Curriculum Development Resources 

Click the links below to access additional resources used to design this unit: 

www.khanacademy.org 

 

phet.colorado.edu 

 

 

 

 

 

 

 

 

 

http://www.khanacademy.org/
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Content Area 

Unit Name 

Science 

Interdisciplinary 

Connections 

Mathematics, Technology, and English Arts, Science 

Core 

Instructional 

Materials  

including digital 

tools 

Textbooks, Classroom Resources, Digital Tools 

21st Century 

Themes and 

Skills 
 

 

For information related to the 12 Career Ready Practices follow the links 

below:  

 

http://www.state.nj.us/education/cccs/2014/career/CareerReadyPractices.pdf 

 

Personal Financial Literacy 9.1 

http://www.state.nj.us/education/cccs/2014/career/91.pdf  

 

Career Awareness, Exploration, and Preparation 9.2 

http://www.state.nj.us/education/cccs/2014/career/92.pdf  

 

Career and Technical Education 9.3 

http://www.state.nj.us/education/cccs/2014/career/93.pdf  

 

8.1 Educational 

Technology 
 

8.2 Technology 

Education, 

Engineering, 

Design, and 

Computational 

Thinking - 

Programming 
 

 

 

K-2:  Navigate provided URL’S, Use basic word processing to create and 

illustrate a simple story, Work collaboratively with peers on project, Use 

digital tools to explore an issue and design solution for a problem, Identify 

how technology improves life, Use digital tools to design an approach to 

solving problems. 

 

3-5:  Peers collaborate to produce text about current events; Understand the 

consequences for inappropriate use of technology and social media, Apply 

engineering designs to data collection and solutions, Understand how 

technology evolves based on need and cultural influences. 

6-8: Select appropriate technology and applications to create publication on 

global topic, Use technology and social media responsibly, Employ a wide 

range of digital resources to collect data and form solutions, Identify the 

http://www.state.nj.us/education/cccs/2014/career/CareerReadyPractices.pdf
http://www.state.nj.us/education/cccs/2014/career/91.pdf
http://www.state.nj.us/education/cccs/2014/career/92.pdf
http://www.state.nj.us/education/cccs/2014/career/93.pdf
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forces that come into play for further development of technology; apply 

engineering design process to real world problems. 

 

9-12:  Create and edit multi-page document for public presentation. 

 

Considerations for classified students: 

 

Classroom Instruction: 

 All instruction for classified students will be guided by the students’ Individualized 

Education Plan (IEP). 

 Regular education teachers will be responsible for differentiating instruction for classified 

students based on the instructional modifications listed in the IEP. 

 In the case of General Education - Supported Instruction (GE-SI) Classes, the special 

education teacher will be responsible for support in modifying the curriculum for the 

students, informing the class room teacher of the modifications, and directing 

instructional aide(s) to provide support accordingly. 

 Grading will be done collaboratively by the regular and special education teachers.  

 

Modifications: 

 Modifications include but are not limited to: 

Extra time for assignments, modified classwork/homework assignments based on 

disability, preferential seating, study guides, copies of class notes, assistive technology 

and rewording/repeating or clarifying directions.   

 

In-class Assessments: 

 All assessments are to be in line with students’ IEPs.  In-class support teachers should 

modify tests for classified students.  Tests may be given in the regular education 

classroom or completed with the inclusion teacher in another location with additional 

time. Students may be tested separately according to the IEP. 

 Assessment grades may be modified based on a student’s disability and in accordance 

with their IEP.   

 

Considerations for English Language Learners (ELLs): 

 

Classroom Instruction: 

 Instruction for ESL students will be guided by their WIDA English Language Proficiency 

level.  Teachers should receive this level from the ESL teacher assigned to the building. 

 General education teachers will be responsible for differentiating instruction for ELLs 

with the assistance of the ESL teacher that promotes language, literacy and content 

learning. 

 Sheltered Instruction Observation Protocol (SIOP)  

http://siop.pearson.com/about-siop/  

The following 8 components provide all teachers with lesson planning and instructional 

strategies that support language and learning goals for all students.  This approach to 

teaching aligns with preparing students with college and career ready skills. 

The SIOP Model components:  

http://siop.pearson.com/about-siop/
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1. Lesson Preparation  

2. Building Background  

3. Comprehensible Input   

4. Strategies   

5. Interaction   

6. Practice and Application  

7. Lesson Delivery  

8. Review and Assessment 

 In the case of Content-Based ESL (CBE), the ESL teacher and the general education 

teacher will be responsible for identifying language objectives and additional 

instructional strategies that improve proficiency in English and academic success of 

ELLs.  Instructional strategies and the necessary scaffolds to promote student learning 

will be shared with the general education teacher for daily lessons that are aligned to 

District Curricula, CCSS, and WIDA Standards.  The general Education teacher and ESL 

teacher will be co-teachers for a pre-determined amount of classroom instruction. 

 Grading will be done collaboratively by the regular and ESL teachers.  

 

Modifications:  The following are possible modifications but are not limited to this list –  

 Direct instruction, small group or pullout, about the contrasting letter sound 

correspondences, syllabication patterns and morphology in English supported with 

connections to their native language, native language text and/or resources, graphic 

organizers, visuals, sentence starters/ sentence frames, cloze activities, modeling, working 

with a partner, timeline and phrase wall and adapted text (in English) or specific sections 

of the original text, highlighted/bold-faced words within text. 

 Draw pictures instead of writing/speaking.  

 Match drawings with new vocabulary that might correspond. 

 Work in small group or pairs with their English Only (EOs) peers for authentic content 

language talk and grade level modeling. 

 Write simple sentences instead of complex sentences that demonstrates an understanding 

of academic language particular to specific content.  

 Match simple sentences with new vocabulary that might apply to edit sentences. 

 Have students provide examples/explanations of main idea in simple sentences.  Revisions 

show an attempt to improve Language Control by embedding academic content 

vocabulary and Linguistic Complexity by expanding and varying sentence structures and 

using correct punctuation. 

 Draw pictures instead of writing/speaking about seasonal changes.  Match drawings with 

new vocabulary (adjective word wall, content word walls) that might correspond. 

 Provide multiple opportunities for authentic speech acts to practice language skills and 

develop English fluency. 

 Total Physical Response (TPR) to model critical thinking skills like analyze and 

synthesize. 

 Study Guides 

 

In Class Assessments: 

http://www.youtube.com/v/o5xK5gP_Tbw?version=3&hl=en_US
http://www.youtube.com/v/mTnHonxao70?version=3&hl=en_US
http://www.youtube.com/v/rhYI3w5I0EA?version=3&hl=en_US
http://www.youtube.com/v/GjOrFN6PEDg?version=3&hl=en_US
http://www.youtube.com/v/hUrQr4GBg0g?version=3&hl=en_US
http://www.youtube.com/v/GGFTlmJmdmw?version=3&hl=en_US
http://www.youtube.com/v/sXkCZcPGxwE?version=3&hl=en_US
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 All formative and summative assessments will include modifications that support 

student’s English Proficiency level. ESL teachers will collaborate with regular education 

teachers to provide appropriate differentiation for assessing ELLs. 

 

 

 

 

Considerations for At Risk Students: 

 

 At Risk students are identified by the I&RS committee in each school.  The committee 

works to understand the reasons behind the student’s low performance level in school and 

to create and implement a plan that is carried out by a variety of staff members in the 

building. 

 Teachers with At Risk students are notified by the I&RS committee and provided with a 

copy of the plan and a timeframe for assessing the growth of the student.  There are 

academic as well as behavioral goals that are listed for the students with recommended 

strategies unique to each individual. 

 Classroom teachers are to follow the plan using instructional strategies that will help the 

student improve his/her performance while applying appropriate behavioral strategies 

consistent with the needs of the student. 

 Teachers will report student progress to the I&RS committee within the specified 

timeframe for the plan. 

 

Classroom instruction: 

 Teachers will use differentiated instruction for At Risk students as they do for all students 

in their class.  The strategies would be guided by the I&RS plan and be consistent with 

the student’s ability and learning modality.  

 

Modifications:  

 Clarify all assignments and place specific timeframes for completion.  Provide student 

with opportunity for one on one time for clarification. 

 Set clear expectations for all assignments, in and outside of class.  Keep expectations 

within the framework of the I&RS plan. 

 Use positive reinforcement for all successes.  Hold student to defined consequences for 

not completing work. 

 Provide time outside the normal class time for completion of work.  Not completing 

assignments is unacceptable, all assignments will be completed. 

 

In Class Assessments: 

 At Risk students should receive any modifications listed in their I&RS plan.  

 If necessary, students should be provided with extended time to complete assessments. 

 

Considerations for Gifted Students: 

 Teachers will use differentiated instruction for Gifted Students as they do for all students 

in their class. 
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 Assignments and assessments can be planned and implemented with input from the 

student. 

 Gifted students will be provided with the opportunity to demonstrate their knowledge 

through a variety of platforms. 

 Teachers will have the latitude to provide assignments with the individual student’s 

ability in mind.  

 

 

 


