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	CONTENT AREA
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	TOPIC
	Newton’s Laws of Motion

	TIME FRAME
	8 – 13 days
	NUMBER OF LESSONS
	7

	TARGETED STANDARDS/
LEARNING EXPECTATIONS
	Standard 11.0: Forces and Motion
      The student will investigate the effects of force on the movement of objects.

Learning Expectation

       11.2 Demonstrate an understanding of Newton’s three laws of motion.
Performance Indicators State

8.11-Forces and Motion Level 2- Recognize the relationship between mass, force and acceleration. 

8.11-Forces and  Motion Level 3- Identify Newton's three laws of motion and relate the first two laws to the concepts of inertia and momentum. 

	SUMMARY OF PERFORMANCE ASSESSMENT
	Students write an email to a friend describing 5 stunts they performed during competition in the X-games.  Each stunt will be explained in terms of Newton’s Laws.  A rubric will be used to assess the contents of the email.


	OVERVIEW OF STUDENT LEARNING ACTIVITIES

	>>>LESSON  1
	Anticipation guide for key content, teacher demonstration of Newton’s Laws, discussion groups, 3-2-1 Evaluation.

	Engagement: 
Newton’s Laws


	

	 >>>LESSON 2
	Students explore Newton’s First Law of Inertia.  Students will be given a skateboard or roller car, a small water bottle and a book.  They will use the materials to explore what happens to a water bottle riding on a skateboard when the skateboard suddenly stops by running into a book.

	Exploration:
Newton’s 1st Law
	

	 >>>LESSON 3
	Students explore Newton’s Second Law concerning the relationship among Acceleration, Force, and Mass.  Students are given a skateboard or roller car, a small water bottle and an inclined surface.  They use these materials to explore what happens to the acceleration of a skateboard traveling down an incline with a variety of masses.

	Exploration:
Newton’s 2nd Law
	

	 >>>LESSON 4
	Students explore Newton’s Third Law of Action/Reaction.  Students are  given two skateboards or roller cars and two small water bottles.  They use these materials to explore what happens when two skateboards of the same or different masses collide.

	Exploration:
Newton’s 3rd Law
	

	 >>>LESSON 5
	Students take three scenarios involving Santa Claus and describe what action is taking place in accordance of Newton’s Laws.  

http://www.educationworld.com/a_tsl/archives/04-1/lesson037.shtml

	Explanation:
Newton’s Sleigh Ride

	

	 >>>LESSON 6
	Students apply what they’ve learned about motion by using an online roller coaster simulator.  Funderstanding Roller Coaster website  www.funderstanding.com/k12/coaster/

	Extension: 
Roller Coaster Mania

	

	 >>>LESSON 7
	Students complete the Performance Assessment involving the skateboarding email.

	Evaluation: 
Extreme Games
	

	*NOTE
Some lessons may require more than one class period.
	


	CONTENT CLARIFICATION

	>> Go to Cover Sheet
>> Go to Performance Assessment
> Go to Curriculum Integrations
>> Go to Lesson…
1 | 2 | 3 | 4 | 5 | 6 | 7 | 8


	TENNESSEE
Go to…

>>>6-8

	Standard 11.0: Forces and Motion
       The student will investigate the effects of force on the movement of objects.

Learning Expectation

        11.2 Demonstrate an understanding of Newton’s three laws of motion.
Performance Indicators State

8.11-Forces & Motion Level 2- Recognize the relationship between mass, force and acceleration. 

8.11-Forces & Motion Level 3- Identify Newton's three laws of motion and relate the first two laws to the concepts of inertia and momentum.

	Go to 
State  Standards…
	

	BENCHMARKS FOR SCIENCE LITERACY
	The Physical World 

F.  Motion
An unbalanced force acting on an object changes its speed or direction of motion, or both. If the force acts toward a single center, the object's path may curve into an orbit around the center.
G. Forces of Nature

Every object exerts gravitational force on every other object. The force depends on how much mass the objects have and on how far apart they are. The force is hard to detect unless at least one of the objects has a lot of mass.

	Go to Benchmarks…
	

	NATIONAL SCIENCE EDUCATION STANDARDS
	Physical Science

Content Standard B:  Forces and Motion
· The motion of an object can be described by its position, direction of motion, and speed. That motion can be measured and represented on a graph.  

· An object that is not being subjected to a force will continue to move at a constant speed and in a straight line. 

· If more than one force acts on an object along a straight line, then the forces will reinforce or cancel one another, depending on their direction and magnitude. Unbalanced forces will cause changes in the speed or direction of an object's motion. 



	Go to NSES…
	

	CONTENT CLARIFICATION
Associated K-12 Mathematics Standards and Benchmarks

	Go to Science Netlinks…
	BENCHMARKS FOR SCIENCE LITERACY

	K-2  BENCHMARKS
	· Things move in many different ways, such as straight, zigzag, round and round, back and forth, and fast and slow. 

· The way to change how something is moving is to give it a push or a pull.
· Things near the earth fall to the ground unless something holds them up.  

	3-5  BENCHMARKS
	· Changes in speed or direction of motion are caused by forces. The greater the force is, the greater the change in motion will be. The more massive an object is, the less effect a given force will have. 

· How fast things move differs greatly. Some things are so slow that their journey takes a long time; others move too fast for people to even see them. 
· The earth's gravity pulls any object toward it without touching it.

	6-8  BENCHMARKS
	· Unbalanced force acting on an object changes its speed or direction of motion, or both. If the force acts toward a single center, the object's path may curve into an orbit around the center.

· Every object exerts gravitational force on every other object. The force depends on how much mass the objects have and on how far apart they are. The force is hard to detect unless at least one of the objects has a lot of mass.

	9-12  BENCHMARKS
	· The change in motion of an object is proportional to the applied force and inversely proportional to the mass. 
· All motion is relative to whatever frame of reference is chosen, for there is no motionless frame from which to judge all motion. 

· Whenever one thing exerts a force on another, an equal amount of force is exerted back on it. 

· Gravitational force is an attraction between masses. The strength of the force is proportional to the masses and weakens rapidly with increasing distance between them.


	Go to NSES…
	NATIONAL SCIENCE EDUCATION STANDARDS

	K-4  STANDARDS
	· The position of an object can be described by locating it relative to another object or the background. 

· An object's motion can be described by tracing and measuring its position over time. 

· The position and motion of objects can be changed by pushing or pulling. The size of the change is related to the strength of the push or pull.

	5-8  STANDARDS
	· The motion of an object can be described by its position, direction of motion, and speed. That motion can be measured and represented on a graph.[See Content Standard D (grades 5-8)] 

· An object that is not being subjected to a force will continue to move at a constant speed and in a straight line. 

· If more than one force acts on an object along a straight line, then the forces will reinforce or cancel one another, depending on their direction and magnitude. Unbalanced forces will cause changes in the speed or direction of an object's motion.

	9-12  STANDARDS
	· Objects change their motion only when a net force is applied. Laws of motion are used to calculate precisely the effects of forces on the motion of objects. The magnitude of the change in motion can be calculated using the relationship F = ma, which is independent of the nature of the force. Whenever one object exerts force on another, a force equal in magnitude and opposite in direction is exerted on the first object. 

· Gravitation is a universal force that each mass exerts on any other mass. The strength of the gravitational attractive force between two masses is proportional to the masses and inversely proportional to the square of the distance between them.




	CONTENT CLARIFICATION
Related Content Knowledge

	SCIENCE FOR ALL AMERICANS
	MOTION

Motion is as much a part of the physical world as matter and energy are. Everything moves—atoms and molecules; the stars, planets, and moons; the earth and its surface and everything on its surface; all living things, and every part of living things. Nothing in the universe is at rest. 

Since everything is moving, there is no fixed reference point against which the motion of things can be described. All motion is relative to whatever point or object we choose. Thus, a parked bus has no motion with reference to the earth's surface; but since the earth spins on its axis, the bus is moving about 1,000 miles per hour around the center of the earth. If the bus is moving down the highway, then a person walking up the aisle of the bus has one speed with reference to the bus, another with respect to the highway, and yet another with respect to the earth's center. There is no point in space that can serve as a reference for what is actually moving. 

Changes in motion—speeding up, slowing down, changing direction—are due to the effects of forces. Any object maintains a constant speed and direction of motion unless an unbalanced outside force acts on it. When an unbalanced force does act on an object, the object's motion changes. Depending on the direction of the force relative to the direction of motion, the object may change its speed (a falling apple) or its direction of motion (the moon in its curved orbit), or both (a fly ball). 

The greater the amount of the unbalanced force, the more rapidly a given object's speed or direction of motion changes; the more massive an object is, the less rapidly its speed or direction changes in response to any given force. And whenever some thing A exerts a force on some thing B, B exerts an equally strong force back on A. For example, iron nail A pulls on magnet B with the same amount of force as magnet B pulls on iron nail A—but in the opposite direction. In most familiar situations, friction between surfaces brings forces into play that complicate the description of motion, although the basic principles still apply.

FORCES OF NATURE

The two kinds of forces we are commonly aware of are gravitational and electromagnetic.

Everything in the universe exerts gravitational forces on everything else, although the effects are readily noticeable only when at least one very large mass is involved (such as a star or planet). Gravity is the force behind the fall of rain, the power of rivers, the pulse of tides; it pulls the matter of planets and stars toward their centers to form spheres, holds planets in orbit, and gathers cosmic dust together to form stars. Gravitational forces are thought of as involving a gravitational field that affects space around any mass. The strength of the field around an object is proportional to its mass and diminishes with distance from its center. For example, the earth's pull on an individual will depend on whether the person is, say, on the beach or far out in space.

UNITING THE HEAVENS AND EARTH

But it remained for Isaac Newton, an English scientist, to bring all of those strands together, and go far beyond them, to create the idea of the new universe. In his Mathematical Principles of Natural Philosophy, published near the end of the seventeenth century and destined to become one of the most influential books ever written, Newton presented a seamless mathematical view of the world that brought together knowledge of the motion of objects on earth and of the distant motions of heavenly bodies.

The Newtonian world was a surprisingly simple one: Using a few key concepts (mass, momentum, acceleration, and force), three laws of motion (inertia, the dependence of acceleration on force and mass, and action and reaction), and the mathematical law of how the force of gravity between all masses depends on distance, Newton was able to give rigorous explanations for motion on the earth and 
in the heavens. With a single set of ideas, he was able to account for the observed orbits of planets and moons, the motion of comets, the irregular motion of the moon, and the motion of falling objects at the earth's surface, weight, ocean tides, and the earth's slight equatorial bulge. Newton made the earth part of an understandable universe, a universe elegant in its simplicity and majestic in its architecture—a universe that ran automatically by itself according to the action of forces between its parts.

Newton's system prevailed as a scientific and philosophical view of the world for 200 years. Its early acceptance was dramatically ensured by the verification of Edmund Halley's prediction, made many years earlier, that a certain comet would reappear on a particular date calculated from Newton's principles. Belief in Newton's system was continually reinforced by its usefulness in science and in practical endeavors, right up to (and including) the exploration of space in the twentieth century. Albert Einstein's theories of relativity—revolutionary in their own right—did not overthrow the world of Newton, but modified some of its most fundamental concepts.

The science of Newton was so successful that its influence spread far beyond physics and astronomy. Physical principles and Newton's mathematical way of deriving consequences from them together became the model for all other sciences. The belief grew that eventually all of nature could be explained in terms of physics and mathematics and that nature therefore could run by itself, without the help or attention of gods—although Newton himself saw his physics as demonstrating the hand of God acting on the universe. Social thinkers considered whether governments could be designed like a Newtonian solar system, with a balance of forces and actions that would ensure regular operation and long-term stability.


	Go to SFAA…
	

	BENCHMARKS FOR SCIENCE LITERACY 
(ESSAY)
	Nothing in the universe is at rest. Motion is as essential to understanding the physical world as matter and energy are. Following the organization of Science for All Americans, the benchmarks for motion constitute a wide range of topics, from the movement of objects to vibrations and the behavior of waves. Rotary motion, as interesting as it is, poses much greater difficulties for students and is not included in the benchmarks.

The benchmarks for understanding the motion of objects and repeating patterns of motion do not demand the use of equations. For purposes of science literacy, a qualitative understanding is sufficient. Equations may clarify relationships for the most mathematically apt students, but for many students they are difficult and may obscure the ideas rather than clarify them. For example, almost all students can grasp that the effect of a force on an object's motion will be greater if the force is greater and will be less if the object has more mass-but learning a=F/m (which to many teachers seems like the same thing) is apparently much harder.

Newton's laws of motion are simple to state, and sometimes teachers mistake the ability of students to recite the three laws correctly as evidence that they understand them. The fact that it took such a long time, historically, to codify the laws of motion suggests that they are not self-evident truths, no matter how obvious they may seem to us once we understand them well. Much research in recent years has documented that students typically have trouble relating formal ideas of motion and force to their personal view of how the world works.
These are three of the obstacles:

1. A basic problem is the ancient perception that sustained motion requires sustained force. The contrary notion that it takes force to change an object's motion, that something in motion will move in a straight line forever without slowing down unless a force acts on it, runs counter to what we can see happening with our eyes. 

2. Limitations in describing motion may keep students from learning about the effect of forces. Students of all ages tend to think in terms of motion or no motion. So the first task may be to help students divide the category of motion into steady motion, speeding up, and slowing down. For example, falling objects should be described as falling faster and faster rather than just falling down. As indicated earlier, the basic idea expressed in Newton's second law of motion is not difficult to grasp, but 
vocabulary may get in the way if students have to struggle over the meaning of force and acceleration. Both terms have many meanings in common language that confound their specialized use in science. 

3. Like inertia, the action-equals-reaction principle is counterintuitive. To say that a book presses down on the table is sensible enough, but then to say that the table pushes back up with exactly the same force (which disappears the instant you pick up the book) seems false on the face of it. 

What is to be done? Students should have lots of experiences to shape their intuition about motion and forces long before encountering laws. Especially helpful are experimentation and discussion of what happens as surfaces become more elastic or more free of friction. Students should continue describing motion. And they can be more experimental and more quantitative as their measurement skills sharpen. Determining the speed of fast things and slow things can present a challenge that students will readily respond to. They also can work out for themselves some of the general relationships between force and change of motion and internalize the notion of force as a push or pull of one thing on another-whether rubber bands, magnets, or explosions.
For a good many school years, force may be treated as the originator of motion, and an explanation of force itself may be postponed. But the force between a bat and a ball has an entirely different origin than that between the earth and the moon. In helping students broaden their understanding of the fundamental forces of nature, the emphasis should be on gravitational and electromagnetic forces.



	GRADES:
	

	Go to Benchmarks…
	


	CONTENT CLARIFICATION
Research into Student Learning and Ideas about Teaching

	Go To Benchmarks…
	4F-MOTION:  The concept of force 
Students hold various meanings for the word "force." Typically, students think force is something that makes things happen or creates change. Their descriptions of force often include related words such as energy, momentum, pressure, power, and strength. Younger students associate the word "force" with living things (Watts, 1983b). 

Students tend to think of force as a property of an object ("an object has force," or "force is within an object") rather than as a relation between objects (Dykstra, Boyle, & Monarch, 1992; Jung et al., 1981; Osborne, 1985). In addition, students tend to distinguish between active objects and objects that support or block or otherwise act passively. Students tend to call the active actions "force" but do not consider passive actions as "forces" (Gunstone & Watts, 1985). Teaching students to integrate the concept of passive support into the broader concept of force is a challenging task even at the high-school level (Minstrell, 1989).

Newton's laws of motion 

 Students believe constant speed needs some cause to sustain it. In addition, students believe that the amount of motion is proportional to the amount of force; that if a body is not moving, there is no force acting on it; and that if a body is moving there is a force acting on it in the direction of the motion (Gunstone & Watts, 1985). Students also believe that objects resist acceleration from the state of rest because of friction—that is, they confound inertia with friction (Jung et al., 1981; Brown & Clement, 1992). Students tend to hold onto these ideas even after instruction in high-school or college physics (McDermott, 1983). Specially designed instruction does help high-school students change their ideas (Brown & Clement, 1992; Minstrell, 1989; Dykstra et al., 1992).

Research has shown less success in changing middle-school students' ideas about force and motion (Champagne, Gunstone & Klopfer, 1985). Nevertheless, some research indicates that middle-school students can start understanding the effect of constant forces to speed up, slow down, or change the direction of motion of an object. This research also suggests it is possible to change middle-school students' belief that a force always acts in the direction of motion (White & Horwitz, 1987; White, 1990).

Students have difficulty appreciating that all interactions involve equal forces acting in opposite directions on the separate, interacting bodies. Instead they believe that "active" objects (like hands) can exert forces whereas "passive" objects (like tables) cannot (Gunstone & Watts, 1985). Alternatively, students may believe that the object with more of some obvious property will exert a greater force (Minstrell, 1992). Teaching high-school students to seek consistent explanations for the "at rest" condition of an object can lead them to appreciate that both "active" and "passive" objects exert forces (Minstrell, 1982). Showing them that apparently rigid or supporting objects actually deform might also help (Clement, 1987).

4G-FORCES OF NATURE:   The earth's gravity and gravitational forces in general form the bulk of research related to Forces of Nature. Elementary-school students typically do not understand gravity as a force. They see the phenomenon of a falling body as "natural" with no need for further explanation or they ascribe to it an internal effort of the object that is falling (Ogborn, 1985). If students do view weight as a force, they usually think it is the air that exerts this force (Ruggiero et al., 1985). Misconceptions about the causes of gravity persist after traditional high-school physics instruction (Brown & Clement, 1992) but can be overcome by specially designed instruction (Brown & Clement, 1992; Minstrell et al., 1992). 

Students of all ages may hold misconceptions about the magnitude of the earth's gravitational force. Even after a physics course, many high-school students believe that gravity increases with height above the earth's surface (Gunstone & White, 1981) or are not sure whether the force of gravity would be greater on a lead ball than on a wooden ball of the same size (Brown & Clement, 1992). High-school students have also difficulty in conceptualizing gravitational forces as interactions. In particular, they have difficulty in understanding that the magnitudes of the gravitational forces that two objects of different mass exert on each other are equal. These difficulties persist even after specially designed instruction (Brown & Clement, 1992).

	BENCHMARKS FOR SCIENCE LITERACY
	

	Go to NSES…
	In grades 5-8, the focus on student understanding shifts from properties of objects and materials to the characteristic properties of the substances from which the materials are made. In the K-4 years, students learned that objects and materials can be sorted and ordered in terms of their properties. During that process, they learned that some properties, such as size, weight, and shape, can be assigned only to the object while other properties, such as color, texture, and hardness, describe the materials from which objects are made. In grades 5-8, students observe and measure characteristic properties, such as boiling points, melting points, solubility, and simple chemical changes of pure substances and use those properties to distinguish and separate one substance from another.

Students usually bring some vocabulary and primitive notions of atomicity to the science class but often lack understanding of the evidence and the logical arguments that support the particulate model of matter. Their early ideas are that the particles have the same properties as the parent material; that is, they are a tiny piece of the substance. It can be tempting to introduce atoms and molecules or improve students' understanding of them so that particles can be used as an explanation for the properties of elements and compounds. However, use of such terminology is premature for these students and can distract from the understanding that can be gained from focusing on the observation and description of macroscopic features of substances and of physical and chemical reactions. At this level, elements and compounds can be defined operationally from their chemical characteristics, but few students can comprehend the idea of atomic and molecular particles.

The study of motions and the forces causing motion provide concrete experiences on which a more comprehensive understanding of force can be based in grades 9-12. By using simple objects, such as rolling balls and mechanical toys, students can move from qualitative to quantitative descriptions of moving objects and begin to describe the forces acting on the objects. Students' everyday experience is that friction causes all moving objects to slow down and stop. Through experiences in which friction is reduced, students 
can begin to see that a moving object with no friction would continue to move indefinitely, but most students believe that the force is 
still acting if the object is moving or that it is "used up" if the motion stops. Students also think that friction, not inertia, is the principle reason objects remain at rest or require a force to move. Students in grades 5-8 associate force with motion and have difficulty understanding balanced forces in equilibrium, especially if the force is associated with static, inanimate objects, such as a book resting on the desk.

The understanding of energy in grades 5-8 will build on the K-4 experiences with light, heat, sound, electricity, magnetism, and the motion of objects. In 5-8, students begin to see the connections among those phenomena and to become familiar with the idea that energy is an important property of substances and that most change involves energy transfer. Students might have some of the same views of energy as they do of force--that it is associated with animate objects and is linked to motion. In addition, students view energy as a fuel or something that is stored, ready to use, and gets used up. The intent at this level is for students to improve their understanding of energy by experiencing many kinds of energy transfer.

	NATIONAL SCIENCE EDUCATION STANDARDS:
CONTENT-SPECIFIC
INFORMATION

GRADES:

5-8
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	>>> ROLE OR PERSONA…
	>>> TARGETED BEHAVIOR…
	>>> AUDIENCE…
	>>> PRODUCT OR ACTION…

	You are a…
	…who has been asked to…
	…who has been asked by…
	…who will…

	PERFORMANCE TASK
	You are a skateboarder who has been asked to compete at the state x-games by your skater buddies and will be wowing the world with your fearless feats.  When you take the x-games cup, your buddies want explanations for your gravity defying performance.  Write an e-mail describing the stunts used during your competition. Explain how you used Newton’s laws of motion to ace each stunt.  Include five stunts identifying at least one Law per stunt.  All three laws must be used.

	PERFORMANCE ASSESSMENT

	CRITERIA FOR SUCCESS
	PERFORMANCE LEVELS


	
	5
Tony Hawk
	4
Ranked
	3
Pretty Decent
	2
Better keep the pads
	1
Crash and Burn

	Number of Stunts Explained
	5 fully explained
	4 fully explained
	3 fully explained
	2 fully explained
	1 fully explained

	Accuracy of Scientific Terms 


	No mistakes
	1 mistake
	2 mistakes
	3 mistakes
	4 mistakes

	Newton’s 1st Law
	Fully explained and relevant to stunt(s)
	Partially explained and relevant to stunt(s)
	Explanation incorrect or not relevant to stunt(s)
	Explanation incorrect and not relevant to stunt(s)
	Explanation missing

	Newton’s 2nd Law
	Fully explained and relevant to stunt(s)
	Partially explained and relevant to stunt(s)
	Explanation incorrect or not relevant to stunt(s)
	Explanation incorrect and not relevant to stunt(s)
	Explanation missing

	Newton’s 3rd Law
	Fully explained and relevant to stunt(s)
	Partially explained and relevant to stunt(s)
	Explanation incorrect or not relevant to stunt(s)
	Explanation incorrect and not relevant to stunt(s)
	Explanation missing

	COMMENTS
	Modify rubric as necessary.
Web resource: www.uncw.edu/smec/gk_fellows/documents/forcesandmotion.pdf
ThePhysicsofSkateboarding
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	ART
	

	> Go to Art Standards…
> TN Art Standards…
	

	McREL NATIONAL STANDARDS AND BENCHMARKS DATABASE
	

	> Go to McREL…
	

	ENGLISH/
LANGUAGE ARTS
	

	> Go to English/Language Arts Standards…
> TN English/Language Arts
	

	GEOGRAPHY
	

	> Go to Geography Standards…
	

	HISTORY
	

	> Go to History Standards…
	

	MATHEMATICS
	

	> Go to Mathematics Standards…
> TN Mathematics Standards
	

	SOCIAL STUDIES
	

	> Go to Social Studies Standards…
> TN Social Studies Standards
	

	TECHNOLOGY
	

	> Go to Technology Standards…
> TN Technology Standards
	


	CURRICULUM WEB LINKS
	>>> Go to Marco Polo…
	

	NAME OF WEB LINK
	WEB ADDRESS
	DESCRIPTION

	Exploratorium


	www.uncw.edu/smec/gk_fellows/documents/forcesandmotion.pdf
ThePhysicsofSkateboarding
	Webcam of skateboarding maneuvers. Good background for performance assessment.

	Newton’s Laws Santa Claus scenarios
	http://www.educationworld.com/a_tsl/archives/04-1/lesson037.shtml
	Apply Newton’s Laws to three scenarios involving Santa Claus for the Explanation lesson.

	Funderstanding Roller Coaster
	www.funderstanding.com/k12/coaster/
	Apply Newton’s Laws to a roller coaster for the Extension lesson.

	Anticipation Guide
	www.maxteaching.com (anticipation guide) 


	Anticipation Guide for Engagement.

	Video Clip for Newton’s Laws


	www5.unitedstreaming.com
	Streaming Video for Engagement, Evaluation, and Performance Assessment.

	Air Bags and Collisions
	http://www.ktca.org/newtons/9/airbags.html
	Enrichment for the Exploration of 3 Laws


	LESSON TITLE:   Newton’s Laws                                                                                       STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                                ENGAGEMENT
	>>> Go to FOR THE STUDENT…
	1

	LESSON OVERVIEW
	Students are introduced to Newton’s three laws of motion.

	INSTRUCTIONAL GOALS
	The student will be involved and motivated to learn how all movement is governed by these three laws.

	FORMATIVE ASSESSMENT
	The teacher can quickly assess student’s beliefs and prior knowledge by looking at 1)  the anticipation guide as well as the  3-2-1 evaluation.  
To locate the anticipation guide go to http://www.maxteaching.com/sciencezip/ , and then click on sciencezip.zip. 

Find the 3-2-1 evaluation on the Teaching and Learning Resources for the Standards Based Classroom CD.

	LESSON ORGANIZATION
	Opening the Lesson: 
(5  minutes)
	Demonstrate Newton’s first law of motion (inertia) by placing an index card over a clear plastic cup.  Put a coin on top of the index card and quickly pull the index card out from under the coin.  (This is like pulling a tablecloth from under a set table.)  Students make observations.  You may have students try the trick.

	
	Developing the Lesson: 
(40  minutes)
	1. Distribute the anticipation guide for force and friction.  (May be modified to fit your specific needs.)

a. Student completes individually first.

b. Student uses text pages or prior knowledge to justify or refute their answer.

c. Students pair up to compare answers and justifications of answers and modify answers together

2. Watch the United Streaming clip on Newton’s Laws.   (You will need a subscription to this site.)  www5.unitedstreaming.com

	
	Closing the Lesson: 
(5  minutes)
	1. Use a 3-2-1 Evaluation

	TEACHING RESOURCES
	Clear plastic cup, coin, index card, anticipation guide, united streaming clip, 3-2-1 evaluation, computer w/large group viewing accessibility.

	ENRICHMENT ACTIVITIES
	Students pantomime a skit using one of Newton’s laws as the stimulus.

	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Written portion may be modified for students with written expression LD.

	STANDARDIZED TEST ITEM GENERATOR
	Items that cover Newton’s Laws.

	> Go to State Exam Test  Items…
	


	LESSON TITLE: Newton’s Laws
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	1

	LEARNING EXPECTATIONS
	You will use careful observations of the teacher demonstrations to gain a working understanding of how all movement is governed by Newton’s three laws.

	ASSESSMENT
	You are expected to respond to the items in the anticipation guide and participate in the class discussion about the teacher demonstrations.

	LEARNING ACTIVITY
	You should complete the anticipation guide and 3-2-1 evaluation.



	ENRICHMENT ACTIVITIES
	You can try to do the teacher demonstrations yourself.
You can create a pantomime a skit that uses one of Newton’s laws .


	LESSON TITLE: Newton’s 1st Law                                                                                    STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                                 EXPLORATION
	>>> Go to FOR THE STUDENT…
	2

	LESSON OVERVIEW
	Students explore Newton’s First Law of Inertia.  Students are given a skateboard or roller car, a small water bottle and a book.  They use these materials to explore what happens to a water bottle riding on a skateboard when the skateboard suddenly stops by running into a book.



	INSTRUCTIONAL GOALS
	The student is expected to know the definition of inertia and be able to design an experiment to test what happens to a water bottle riding on a skateboard when the skateboard suddenly stops by running into a book.



	FORMATIVE ASSESSMENT
	Student observations will be recorded and discussed as a large group. 



	LESSON ORGANIZATION
	Opening the Lesson: 
(5 minutes)
	List Newton’s First law of Inertia and pose the question of what would happen to a skateboarder if the skateboard hits a rock.  

· Explain that their simulation will be a small water bottle riding on a skateboard (roller car) and the book is the rock.  

Their only instruction is that they are to test what happens to a water bottle riding on a skateboard, when the skateboard suddenly stops by running into a book.



	
	Developing the Lesson: 
(35  minutes)
	Student-Directed Activity

· Students groups are self-directed in designing and conducting their experiment.  

· Possible hints to include would be: 

                  What happens if the amount of water in the water bottle is changed?  

                  What happens if the velocity of the skateboard changes?  

                          What happens if the skateboard travels down an incline?  

	
	Closing the Lesson: 
(10 minutes)
	Have a student from each group summarize their findings.

	TEACHING RESOURCES
	Plastic, screw cap clear bottles; water; graduated cylinder;  skateboards, cars, or carts; boards or other materials to build incline; books for collision; copies of  The Right Angle Perspective from the Teaching and Learning Resources for the Standards Based Classroom CD.  

	ENRICHMENT ACTIVITIES
	http://www.ktca.org/newtons/9/airbags.html  Air Bags and Collisions (Egg Toss)

	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Extended time, peer tutoring

	STANDARDIZED TEST ITEM GENERATOR
	Items that cover Newton’s 1st Law.

	> Go to State Exam Test  Items…
	


	LESSON TITLE: Newton’s 1st Law                                                                                    
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	2

	LEARNING EXPECTATIONS
	You will be expected to understand the concept of inertia and be able to recognize when objects exhibit inertia.



	ASSESSMENT
	You will each have to complete The Right Angle Perspective (from the Teaching and Learning Resources for the Standards Based Classroom CD).  Modify the format in the following way: Basically, sway A and B:   Section A becomes, “What I think about Newton’s First Law.”   Section B should read, “What I know about Newton’s First Law.”  Section C is a summary statement, “What I understand about Newton’s First Law.”

	LEARNING ACTIVITY
	You will be provided materials for the activity. Your only instruction is that you are to design an experiment to test what happens to a water bottle riding on a skateboard, when the skateboard suddenly stops by running into a book.  Your experimental design should follow proper scientific procedures.

	ENRICHMENT ACTIVITIES
	http://www.ktca.org/newtons/9/airbags.html  Air Bags and Collisions (Egg Toss)


	LESSON TITLE: Newton’s 2nd Law                                                                             STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                           EXPLORATION
	>>> Go to FOR THE STUDENT…
	3

	LESSON OVERVIEW
	Students explore Newton’s Second Law dealing with the relationship between Acceleration, Force, and Mass.  Students are given a skateboard or roller car, a small water bottle and an inclined surface.  They use these materials to explore what happens to the acceleration of a skateboard traveling down an incline with a variety of masses.



	INSTRUCTIONAL GOALS
	The student is expected to know the definition of Newton’s Second Law and be able to design and test what happens to the acceleration of a skateboard traveling down an incline with a variety of masses.  The students develop an understanding of the relationship between momentum and mass.



	FORMATIVE ASSESSMENT
	Student observations are recorded and discussed as a large group.

	LESSON ORGANIZATION
	Opening the Lesson: 
(5  minutes)
	List Newton’s Second and pose the question of what would happen to the acceleration of skateboarders that have different weights as they travel down an incline? 

· Explain that their simulation will be a small water bottle riding on a skateboard (roller car) and the inclined surface is a board ramp or table.   

· Their only instruction is that they are to test what happens to the acceleration of the skateboard when different masses are upon the skateboard.

	
	Developing the Lesson: 
(35 minutes)
	Student-Directed Activity

· Students groups are self-directed in designing and conducting their experiment.  

	
	Closing the Lesson: 
(10 minutes)
	Have a student from each group summarize their findings.

	TEACHING RESOURCES
	Plastic, screw cap clear bottles; water; graduated cylinder;  skateboards, cars, or carts; boards or other materials to build incline; scales to measure force and mass.

	ENRICHMENT ACTIVITIES
	Provide problems solving for mass, force, and acceleration.

	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Extended time, peer tutoring

	STANDARDIZED TEST ITEM GENERATOR
	Items that cover Newton’s Laws.

	> Go to State Exam Test  Items…
	


	LESSON TITLE: Newton’s 2nd Law 
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	3

	LEARNING EXPECTATIONS
	You are expected to understand the idea of force, mass, acceleration, and momentum.

	ASSESSMENT
	You will be required to write a summary paragraph that includes the three main concepts associated with Newton’s 2nd Law.

	LEARNING ACTIVITY
	You will be provided materials for the activity. Your task is to test what happens to the acceleration of a skateboard when different masses rest upon the skateboard.  Your experimental design should follow proper scientific procedures..

	ENRICHMENT ACTIVITIES
	Problems that require solving for mass, force, and acceleration.


	LESSON TITLE: Newton’s 3rd Law                                                                                 STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                               EXPLORATION
	>>> Go to FOR THE STUDENT…
	4

	LESSON OVERVIEW
	Students explore Newton’s Third Law of Action/Reaction.  Students are given two skateboards or roller cars and two small water bottles.  They use these materials to explore what happens when two skateboards of the same or different masses collide.



	INSTRUCTIONAL GOALS
	The student should know the definition of Newton’s Third Law and be able to design and test what happens when two skateboards of the same or different masses collide.  Discussion of test results will relate the collisions to momentum.

	FORMATIVE ASSESSMENT
	Student observations are recorded and discussed as a large group. 

Each student illustrates Newton’s Third Law with an example from a real-life experience.  

	LESSON ORGANIZATION
	Opening the Lesson: 
(5 minutes)
	List Newton’s Third Law and pose the question of what would happen when two skateboards of the same or different masses collide.

· Explain that their simulation will two skateboards (roller cars) and the different masses are provided by the water bottles. 

· Their only instruction is that they are to test what happens when two skateboards of the same or different masses collide.



	
	Developing the Lesson: 
(35 minutes)
	Student-Directed Activity

· Students groups are self-directed in designing and conducting their experiment.

	
	Closing the Lesson: 
(10  minutes)
	Have each student illustrate Newton’s Third Law with an example from a real-life experience.  

	TEACHING RESOURCES
	Plastic, screw cap clear bottles; water; graduated cylinder;  skateboards, cars, or carts; boards or other materials to build incline; books for collision; scales to measure force and mass.

	ENRICHMENT ACTIVITIES
	Student locates pictures that illustrate Newton’s 3rd Law and label the action-reaction force pairs with arrows.

	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Extended time, peer tutoring

	STANDARDIZED TEST ITEM GENERATOR
	Items that cover Newton’s Laws.

	> Go to State Exam Test  Items…
	


	LESSON TITLE: Newton’s 3rd Law 
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	4

	LEARNING EXPECTATIONS
	You will be expected to understand the concepts of action-reaction forces and momentum.

	ASSESSMENT
	PYour group participation will be assessed as will your description of a real life illustration of Newton’s 3rd Law.

	LEARNING ACTIVITY
	Design and describe an experiment that illustrates Newton’s 3rd Law..


	ENRICHMENT ACTIVITIES
	Locate pictures that illustrate Newton’s 3rd Law and label the action-reaction force pairs with arrows.

	LESSON TITLE:  Newton’s Sleigh Ride                                                                               STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                                  EXPLANATION
	>>> Go to FOR THE STUDENT…
	5

	LESSON OVERVIEW
	Students take three scenarios involving Santa Claus and describe what action is taking place in accordance of Newton’s Laws.  

http://www.educationworld.com/a_tsl/archives/04-1/lesson037.shtml


	INSTRUCTIONAL GOALS
	Students explain the differences among Newton’s 3 laws of motion and apply laws of motion to a variety of scenarios.

	FORMATIVE ASSESSMENT
	Correctly apply one of the three laws to the appropriate scenario and write a fourth scenario that involves Santa Claus.



	LESSON ORGANIZATION
	Opening the Lesson: 
(5  minutes)
	Quick review of Newton’s Laws using illustrations.

	
	Developing the Lesson: 
(25 minutes)
	Using the worksheet with the three scenarios, students read the scenarios, identify the law in each.  Teacher leads discussion and explanations to correct misconceptions and misunderstandings.

Student write fourth scenario. Teacher collects and redistributes this work to other students.

	
	Closing the Lesson: 
(20  minutes)
	Each student reads aloud the scenario they received and defend the reasons for selecting a particular Law. 

	TEACHING RESOURCES
	Copy and paste information from the following website for the Santa Claus scenarios. http://www.educationworld.com/a_tsl/archives/04-1/lesson037.shtml

	ENRICHMENT ACTIVITIES
	Provide a different theme (i.e. Halloween, Easter, Valentine, birthday, etc.) for preparing additional scenario illustrating one of Newton’s laws.  Follow the same format as used in the lesson.

	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Extended time, oral rather than written scenario, draw pictures instead of writing scenario

	STANDARDIZED TEST ITEM GENERATOR
	Items that cover Newton’s Laws.

	> Go to State Exam Test  Items…
	


	LESSON TITLE: Newton’s Sleigh Ride                                                                               
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	5

	LEARNING EXPECTATIONS
	You will be able to explain the differences among Newton’s 3 laws of motion and apply laws of motion to a variety of scenarios.


	ASSESSMENT
	You will identify the law illustrated in each Santa scenario.

You will create your own Santa scenario.

You will identify which of Newton’s Laws is illustrated in another student’s scenario.

	LEARNING ACTIVITY
	You will be provided with the Santa scenarios and another scenario written by another student.



	ENRICHMENT ACTIVITIES
	Choose a different theme (i.e. Halloween, Easter, Valentine, birthday, etc) and write an additional scenario illustrating Newton’s laws.  Follow the same format as used in the lesson.


	LESSON TITLE:   Roller Coaster Mania                                                                             STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                                     EXTENSION
	>>> Go to FOR THE STUDENT…
	6

	LESSON OVERVIEW
	Students apply what they learned about motion using an online roller coaster simulator.

	INSTRUCTIONAL GOALS
	Students will be able to:

· Differentiate among Newton’s Laws of motion

· Design a roller coaster

· Evaluate roller coaster designs

	FORMATIVE ASSESSMENT
	1. Students chart the number of trials before building a workable roller coaster

2. Rubric for evaluation of designs for student use

3. Rubric for evaluation of accuracy for teacher use

	LESSON ORGANIZATION
	Opening the Lesson: 
(5  minutes)
	Quick review of Newton’s 3 Laws using illustrations.

	
	Developing the Lesson: 
(35  minutes)
	Use roller coaster simulator to design the “perfect” roller coaster. Chart each trail, its variables, and its result.

Using rubric, evaluate each trail in terms of Newton’s Laws and Forces.  

Swap trial data with another student and evaluate their design.

	
	Closing the Lesson: 
(10  minutes)
	Each group summarizes variables for best design, supporting their finding with connections to Newton’s Laws.

	TEACHING RESOURCES
	Funderstanding Roller Coaster website  www.funderstanding.com/k12/coaster/
Rubrics


	ENRICHMENT ACTIVITIES
	Students may build a “real” roller coaster out of Hot Wheels track or pipe insulating tubing and present to the class.

	ACCOMMODATIONS FOR SPECIAL LEARNERS
	· Paired with a partner

· Preferential seating

· Restate directions

	STANDARDIZED TEST ITEM GENERATOR
	Items that cover Newton’s Laws.

	> Go to State Exam Test  Items…
	


	LESSON TITLE: Roller Coaster Mania                                                                             
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	6

	LEARNING EXPECTATIONS
	After you complete this activity you will be able to:

· Differentiate among Newton’s Laws of motion

· Design a roller coaster

· Evaluate roller coaster designs

	ASSESSMENT
	Your work will be evaluated on the basis of your ability to:

· Use the simulator and chart trial data

· Evaluate roller coaster designs

· Evaluate another student’s design 

	LEARNING ACTIVITY
	You will be provided with a website and instruction for completing Roller Coaster Mania.  You will select variables for trials and create a data table for recording trial results.  You will be provided with a scoring rubric.



	ENRICHMENT ACTIVITIES
	Build a real roller coaster out of Hot Wheels track or pipe insulation tubing.

	LESSON TITLE:  Extreme-Games                                                                                  STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                                        EVALUATION 
	>>> Go to FOR THE STUDENT…
	7

	LESSON OVERVIEW
	Students complete the Performance Assessment involving the skateboarding email.



	INSTRUCTIONAL GOALS
	The student identifies and applies Newton’s three laws of motion to explain skateboarding stunts.

	FORMATIVE ASSESSMENT
	There is no formative assessment since this is the summative unit assessment.

	LESSON ORGANIZATION
	Opening the Lesson: 
(5  minutes)
	Show clip of skateboarding video stream from the website.  www5.unitedstreaming.com

	
	Developing the Lesson: 
(45  minutes)
	Students write the email according to the criteria found in the rubric for the performance assessment.

	
	Closing the Lesson: 
(5  minutes)
	Collect emails from students.

	TEACHING RESOURCES
	Writing prompt and scoring rubric.


	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Scoring focuses on scientific concepts only, not grammar/sentence structure.

	STANDARDIZED TEST ITEM GENERATOR
	

	> Go to State Exam Test  Items…
	


	LESSON TITLE: Extreme-Games
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	7

	LEARNING EXPECTATIONS
	Standard 11.0: Forces and Motion
          The student will investigate the effects of force on the movement of objects.

Learning Expectation

         11.2 Demonstrate an understanding of Newton’s three laws of motion.
Performance Indicators State

8.11-Forces & Motion Level 2- Recognize the relationship between mass, force and acceleration. 

8.11-Forces & Motion Level 3- Identify Newton's three laws of motion and relate the first two laws to the concepts of inertia and momentum.


	ASSESSMENT
	You will write an email to a friend describing five stunts performed during competition in the X-games.  Each stunt will be explained in terms of Newton’s Laws. A rubric will be used to assess the contents of the email.
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