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Career, Technical, & Agricultural Education







PATHWAY:  
Energy Systems
COURSE:  

Energy and Power Technology
UNIT 4: 

ENGR-EP-4 Newton’s Laws
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Annotation: 
Students will complete experiments to learn about Newton’s Laws and the ideas of work, force, energy, and power.  
Grade(s):  

	
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  
10 hours
Author: 
Tim Schmitt
Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation.
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GPS Focus Standards: 
ENGR-EP-1 
Students will utilize the ideas of energy, work, power, and force to explain how systems convert, control, transmit, and/or store energy and power. 
b) Use Newton’s Laws to calculate the net force acting or exerted by a system. 

GPS Academic Standards:
SPS7 
Students will determine relationships among force, mass, and motion. 
b. Apply Newton’s three laws to everyday situations by explaining the following: 
Inertia, Relationship between force, mass and acceleration, Equal and opposite forces 
SPS8 
Students will relate transformations and flow of energy within a system. 
b. Investigate molecular motion as it relates to thermal energy changes in terms of conduction, convection, and radiation. 
SP1. 
Students will analyze the relationships between force, mass, gravity, and the motion of objects. 
d. Measure and calculate the magnitude of frictional forces and Newton’s three Laws of Motion. 
SP3 
Students will evaluate the forms and transformations of energy. 
a. Analyze, evaluate, and apply the principle of conservation of energy and measure the components of work-energy theorem by describing total energy in a closed system. 
identifying different types of potential energy. calculating kinetic energy given mass and velocity. Relating transformations between potential and kinetic energy. 

f. Analyze the relationship between temperature, internal energy, and work done in a physical system. 
g. Analyze and measure power. 
MM3P1 
Students will solve problems (using appropriate technology). 
b. Solve problems that arise in mathematics and in other contexts. 
c. Apply and adapt a variety of appropriate strategies to solve problems. 
MM3P4 
Students will make connections among mathematical ideas and to other disciplines 
c. Recognize and apply mathematics in contexts outside of mathematics. 
ELAALRC2 
The student participates in discussions related to curricular learning in all subject areas. 
a. Identifies messages and themes from books in all subject areas. 
b. Responds to a variety of texts in multiple modes of discourse. 
c. Relates messages and themes from one subject are to those in another area. 
d. Evaluates the merits of texts in every subject discipline. 
e. Examines the author’s purpose in writing 
f. Recognizes the features of disciplinary texts. 
ELAALRC3 
The student acquires new vocabulary in each content area and uses it correctly. 
a. Demonstrates an understanding of contextual vocabulary in various subjects. 
b. Uses content vocabulary in writing and speaking. 
c. Explores understanding of new words found in subject area texts. 
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Enduring Understandings: 
Understanding Newton’s law is critical in the field of engineering.  We encounter Newton’s Law every day, but rarely do we know or understand it.
Essential Questions: 
· How are Newton’s Laws applied in everyday life?
· Why are Newton’s Laws important in engineering?

· What is the relationship between force, mass, and acceleration?

· How is Newton’s Third Law related to rocket takeoffs?

· What causes the tides?
Knowledge from this Unit:  
Students will be able to: 
· Define and give examples of each of Newton's three laws as they occur in everyday experiences. 
· Visualize and differentiate the difference between a direct proportion and an inverse proportion using the formula F=ma. 

· Explain how the gravitational law affects the tides of the earth. 
Skills from this Unit:  
Students will:
· Apply and calculate Newton’s Second Law.
· Calculate the actual gravitational force between the sun and earth and the moon and earth to conclude which has the stronger influence.
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Assessment Method Type: 
	
	Pre-test

	
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

__ Unit test

	X
	Group project

	X
	Individual project

	
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Lab Book
__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	X
	Subjective assessment/Informal observations

	
	_X_ Essay tests

__ Observe students working with partners

__ Observe students role playing

	
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	X
	Dialogue and Discussion

	
	__ Student/teacher conferences
__ Partner and small group discussions

_X_ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	X
	Post-test


Assessment Attachments and / or Directions: 

Newton’s Laws Unit Test

Newton’s Laws Unit Test Key
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•
LESSON 1: INTRODUCTION

1.
Identify the standards. Standards should be posted in the classroom.

ENGR-EP-1 
Students will utilize the ideas of energy, work, power, and force to explain how systems convert, control, transmit, and/or store energy and power. 
b) Use Newton’s Laws to calculate the net force acting or exerted by a system. 

2.
Review Essential Questions. Post Essential Questions in the classroom. 
· How are Newton’s Laws applied in everyday life?

· Why are Newton’s Laws important in engineering?

3.
Identify and review the unit vocabulary. Terms may be posted on word wall.

	Inertia
	Force
	Motion

	Newton’s First Law
	Speed
	Newton’s Second Law

	Newton’s Third Law
	
	


4.
Attention Grabber – ask students to reflect on the following questions.
· What causes a book to stop if it is slid down a table?

· Why does our body continue to move forward even after the car is stopped?
5.
Review the following background information and discuss it with the class.  How does this affect their answers to the attention grabber questions?

Isaac Newton summed up motion in three laws. Today we take these laws for granted as we grow up assuming they are true. We do not realize the struggles scientists went through in attempt to understand the world around them. The following activities use brainstorming, discussion, and simple labs to illustrate the laws. 

Newton's Three Laws: 

1) An object which is moving at a constant velocity or at a state of rest does not change its state unless a force acts upon it. 

2) Acceleration of an object increases as the amount of force causing the acceleration increases when mass is constant. 

3) For every force, there is an equal and opposite force.

6.
Use Newton’s Laws of Motion PowerPoint slides 1-3 as a visual aid.

•
LESSON 2: Newton’s First Law

1.
Review Essential Questions. Post Essential Questions in the classroom.
· How are Newton’s Laws applied in everyday life?

· Why are Newton’s Laws important in engineering?
2.
Attention Grabber:  Just prior to Newton's time Galileo had worked with the idea of acceleration. Galileo could only guess about time since precise clocks had not been invented. This is why he rolled metal balls down smooth ramps. Since he noticed how a ball slowed when rolling across the floor, he concluded that friction was the cause. Thus friction was responsible for the idea that objects in motion naturally come to rest. But 'rest' is just one kind of constant velocity. The concept of inertia and Newton's First Law emerged from this insight. 

3.
Use Newton’s Laws of Motion PowerPoint slides 4-13  as a visual aid for lecture.

4.
Use some of the following examples to explain to the students how Newton's first law occurs in everyday events: 
a.
car suddenly stops and you strain against the seat belt 
b.
when riding a horse, the horse suddenly stops and you fly over its head 
c.
the magician pulls the tablecloth out from under a table full of dishes 
d.
the difficulty of pushing a dead car 
e.
lawn bowling on a cut and rolled lawn verses an uncut lawn 
f.
car turns left and you appear to slide to the right

5.
Inertia is Nuts Activity

a.
Balance an embroidery hoop vertically on the flask's mouth. 

b.
Stack nuts on the top of the hoop. Using one hand, snatch the hoop away quickly so that the nuts will fall into the flask. 

c.
Have students perform the activity and create a contest to see who can get the most nuts at once into the flask. 

d.
Relate the activity to Newton's Law of Inertia and the famous magician's act of pulling the tablecloth out from under the dishes. 

6.
Why Barbie Wears a Seat Belt Activity
a.
Place a Barbie doll on each cart. On one of the carts, use a rubber band to securely attach the Barbie (seat belt). 

b.
Attach 2 meters of string to each cart. Attach 200 g. to the hook mass holder. Attach the pulleys to the table edge. 

c.
Place a block of wood in front of the pulley and place the string over the pulley. 

d.
Now attach the mass holder to the string while someone holds the cart in place. 

e.
Pull the carts back and allow the weight to accelerate the carts. 

f.
Discuss the results and relate to Newton’s Law of Inertia.

•
LESSON 3: Newton’s Second Law

1.
Review Essential Questions. Post Essential Questions in the classroom.
· How are Newton’s Laws applied in everyday life?

· Why are Newton’s Laws important in engineering?

· What is the relationship between force, mass, and acceleration?

2.
Use Newton’s Laws of Motion PowerPoint slides 14-23 as a visual aid for lecture.

3.
Lecture: Newton's second law deals with F=MA. When written A = F/M one sees that the acceleration will vary directly with the force applied and inversely with the mass of the body. Since students have trouble with these terms, a simple visual aid can be helpful. 

4.
Index Card Activity

a.
Take three index cards and write an A, F, and M on them, and then tape the F card to a meter stick at the 50 cm mark so that it hangs down. Next tape the A card at 0 cm and the M card at the 100 cm mark.  Explain to the students that if the force is constant (either flip the card up or cover it with your hand), when acceleration increases (raise the 0 cm end of the meter stick at a 30 angle) mass must decrease. 
b.
Note that the 100 cm end now angles down. This shows an inverse proportional relationship. 
c.
Now cover the acceleration card with your hand. When force or mass increases or decreases the other variable will do the same. This shows the direct proportional relationship. 
d.
Lastly, do the same for the M card. 
e.
Plug in numbers and work through some simple F=MA problems. 
f.
Use the meter stick to help visualize what the answer will be (greater or smaller). Finally brainstorm everyday applications, some examples are listed below. 
· hitting a baseball, the harder the hit, the faster the ball goes 
· accelerating or decelerating a car 
· the positioning of football players - massive players on the line with lighter (faster to accelerate) players in the backfield 
· a loaded versus an unloaded truck

5.
Constant Force Increases Speed Activity
a.
Have a student bring in a skateboard. 

b.
Have one student stand on the skateboard at the front of the class and hold one end of the spring scale. 

c.
Another student should pull the first student at a constant force of 10 newtons. 

d.
Observe the speed of the students as they keep the force constant. 

e.
Explain that this shows the direct relationship between force and acceleration. 

•
LESSON 4: Newton’s Third Law

1.
Review Essential Questions. Post Essential Questions in the classroom.

· How are Newton’s Laws applied in everyday life?

· Why are Newton’s Laws important in engineering?

· How is Newton’s Third Law related to rocket takeoffs?

2.
Complete any discussions from the previous day’s experiments.

2.
Use Newton’s Laws of Motion PowerPoint slides 24-33 as a visual aid for lecture.

3.
Brainstorm everyday examples of the third law with the class. Listed below are some examples: 
a.
rockets leaving earth--many physicists of the early twentieth century (Goddard's time) said that rockets could never leave the earth. Discuss how a spaceship flies in space. 
b.
guns being fired- discuss why they kick in proportion to the size of the bullet. Why is the stock of the rifle so large? What would happen if the stock of a shotgun came back to a point shape? 
c.
two cars hit head on 
d.
astronauts in space 
e.
pool or billiards 
f.
jumping out of a boat onto the dock 
g.
sprinklers rotating

4.
Balloon Race Activity
a.
Blow up balloons, fasten them with rubber bands, and label them A, B, and C. 

b.
Tape the straw lengthwise to Balloon B and run the wire through the straw. 

c.
Tape Balloon C to the top of the fuselage of the model airplane, placing the balloon opening toward the tail of the airplane. 

d.
Loosen the rubber band on Balloon A very slowly and record the speed and direction of movement. 

e.
Now, on Balloon B, have a partner hold each end of the wire through the straw and keep the wire tight.  Cut the rubber band quickly and observe the balloon. Record observations.  

f.
Draw a sketch showing the direction the air in the balloon moved. Also, on the same sketch, draw a diagram of how the balloon moved along the wire. 

g.
To test Balloon C, have a partner hold the airplane loosely. Cut the rubber band as your partner releases the airplane. Record the flight. You may wish to stage Olympic type competitions between lab partners. 

Hint: Try different shapes of balloons. Elongated should work the best. Also a round trip rocket could be designed.

5.
Have the students complete the Balloon Race Worksheet. 
6.
Homework: Begin introducing students to the next activity by having them research the gravitational force of the moon and sun on tides. 
•
LESSON 5: Gravity and the Tides

1.
Review Essential Questions. Post Essential Questions in the classroom.

· How are Newton’s Laws applied in everyday life?

· Why are Newton’s Laws important in engineering?

· What causes the tides?

2.
Background information for lecture: The gravitational force of the moon and sun play an important role in the tides. When the sun, earth, and moon are in a straight line, their combined gravitational pull causes extra high and low tides known as spring tides. Whenever there is a full or new moon this occurs. The neap tides form when the sun, the earth, and the moon form a right angle, causing a half moon. The question is which, the sun or the moon, has the stronger gravitational pull? 

3.
Gravity and Tides Math Activity: Either have students calculate individually or as a class.

Data and Formulas:

Mass of Earth 5.98 x 1024 kg 

Mass of Sun 1.98 x 1030 kg 

Mass of Moon 7.36 x 1022 kg 

Distance - Earth to Sun 1.50 x 1011 m 

Distance - Earth to Moon 3.84 x 108 m 

F = Gm1m2/d2 where G = 6.67 x 10-11 m3kg-1 s-2 

Calculations:

Sun to Earth 
F = 6.67 x 10-11 m3kg-1 s-2 x (1.98 x 1030kg) x (5.98 x 1024kg) 
                                       (1.50 x 1011 m)2 
F = 3.51 x 1022 m/s2 

Moon to Earth  
F = 6.67 x 10-11 m3 kg-1 s-2 x (7.36 x 1022kg) x (5.98 x 1024 kg) 

                                       (3.84 x 108 m)2 

F = 1.99 x 1019 m/s2
4.
Discussion:

Explain to the students that the sun, therefore, should have greater pulling power. The tidal bulge produced by the sun is 46% of that produced by the moon. The tides are primarily caused by the gravitational pull of the moon. Besides the ocean tides, the moon also causes tides in the solid body of the earth as much as 25 cm. These earth tides are very hard to observe or detect. The water on the side of the earth near the moon is pulled toward the moon with a greater than average force, the water on the far side is pulled with a less than average force. In addition, the rotation of the earth helps raise a tidal bulge on the side away from the moon. Thus, two bulges appear in the water on opposite sides of the earth. Tidal bulges occur 3 ahead of the line which runs between the centers of the earth and the moon. 
The pull between the sun and the earth is about 180 times stronger than the pull between the moon and the earth. So our calculations are correct, but why doesn't the sun cause tides 180 times greater? Because of the sun's great distance from the earth, there is not much difference in the distances from the sun to the earth's near and far side. This means that there is not much difference in the gravitational pull of the sun on the ocean nearest it and on the ocean furthest from it. The relatively small difference in pulls on the opposite sides of the earth only slightly elongates the earth's shape. Thus the sun produces tidal bulges less than those of the moon.
The tilt of the earth also affects tides. The tilt causes the 2 daily high tides experienced in most parts of the ocean to be unequal in height. 

5.
Additional Activity: Shape of the Earth
a.
Demonstrate the shape of the earth by first filling a balloon with water. It might be best to consider performing this outside, in the event that the balloon breaks. 

b.
Next, tie it shut and attach a string securely. 

c.
Swing the balloon around over head and observe the shape of the balloon. It should look elongated. 

d.
Explain that this is the same process which occurs on earth while it is rotating around the sun. The water covering the earth is distorted and will bulge like the balloon. 
6. 
Summary:

· Test students knowledge of the material and give them Newton’s Laws Unit Test.
•
ATTACHMENTS FOR LESSON PLANS:
Newton’s Laws of Motion PowerPoint 
Balloon Race Worksheet
•
NOTES & REFLECTION: 

· Additional activities and information can be found on the NASA website: http://www.grc.nasa.gov/WWW/K-12/airplane/newton.html.

· Experiments can be altered based on time constraints. For example:
1. The teacher could complete the experiments as a demonstration

2. The students could complete the experiments each day as a whole group.

3. Students could complete the experiments in stations over the course of the time frame with a brief class discussion each day.
· Have students work in teams to create their own experiments testing one of Newton’s Laws as a homework project.

· You will find a resource PowerPoint if needed to further explain the concepts. – Newton’s Laws of Motion
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Culminating Unit Performance Task Title: 
Newton’s Laws Sci-Fi Essay
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 

Ask the students to write a 2 to 3 page science fiction story describing what differences we would observe if the opposite of Newton's three laws were true on earth. For example, guns would not have recoil, and a cannon's mass would not have to be greater than a cannon ball. You would also not be pushed back in your seat when undergoing acceleration in a car. 

Attachments for Culminating Performance Task: 


Newton’s Laws SciFI Essay Rubric
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Web Resources:

http://www.grc.nasa.gov/WWW/K-12/airplane/newton.html
Materials & Equipment: 
· Projection equipment

· Relationship’s in Newton’s law: meter sticks, index cards, tape, and markers
· Constant Force Increases Speed: skateboard and spring scale 

· Balloon Races: 3 long balloons, 1 plastic straw, 60 cm of fine wire or fishing line, tape, balsa wood plane, marker
· Shape of the Earth: water, small round balloons, and string

· Why Barbie Wears a Seatbelt: 2 carts, 2 pulleys, 2 hook mass holders, 2 Barbies, string, 2 blocks of wood (2X4X8")

· Inertia is Nuts: 500 ML flask, 8 inch embroidery hoop, 10- 1/8 inch nuts 

21st Century Technology Used: 
	X
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	
	Website
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