Lesson Plan
Newton & the Jets—Newton’s Third Law & Rocket Propulsion

Unit:  Rocket Science for Dummies		Date:  26 Mar 02	
Grade: 8th 						Subject:  Science				
Duration:  3-hours/Two class periods
Authors:  Donna Lutz, Lisa Mitchell & Duane Orr Pinnacle Team Project
Rationale:  Provide students with multiple sensory experiences they can associate with Newton’s Laws of motion and rocket design
Essential Question:  How do Newton’s Laws of Motion influence rocket propulsion?
NCSCS Science Objective Reference:  4.07 Apply Newton's Laws of Motion to the way the world works: 
· Inertia. 
· Acceleration. 
· Gravitation. 
· Action/Reaction. 
Interdisciplinary NCSCS Objective Reference
Language Arts
Analyze and evaluate informational materials that are read, heard, and/or viewed by:
· Summarizing information. 
· Determining the importance of information. 
· Making connections to related topics/information. 
· Monitoring comprehension. 
· Drawing inferences. 
· Generating questions. 
· Extending ideas.
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· Explore expressive materials that are read, heard, and viewed by generating a learning log or journal. 


· Interact in group activities and/or seminars in which the student shares personal reactions to questions raised.


Math
· Select appropriate units and tools for measurement tasks within problem-solving situations; determine precision and check for reasonableness of results 

Informational Skills
· Collaborate with others, both in person and through technologies, to identify information problems and to design, develop and evaluate information products and solutions.
Technology Skills
· The learner will use a variety of technologies to access, analyze, interpret, synthesize, apply, and communicate information.
Visual Arts
· The learner will perceive connections between visual arts and other disciplines. 
(:20)  Focus/Review
Focus:  Explore the relationship between Newton’s Third Law and the flight of a rocket using multiple exposures.
Review: In our last lessons you were introduced to Sir Isaac Newton, his three laws of motion.  Also, we defined rocketry terms and concepts.  First we’ll review them.
Review: Vocabulary
Let’s review, First Let’s Look at the four aerodynamic forces (Power Point Slide)
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· Lift
· Thrust
· Drag
· Gravity

Now let’s review our other rocket terms (Power Point)
1. 
· Acceleration
· Aerodynamics
· Escape Velocity
· Inertia (Law 1)
· Mass
· Passive Controls
· Propellant
· Stability
· Velocity


Review:  Newton’s Laws (PowerPoint Slide)
Newton’s three laws of motion are.
· First:  Every body will remain at rest, or in a uniform state of motion unless acted upon by a force. --INERTIA
· Second:  When a force acts upon a body, it imparts acceleration proportional to the force and inversely proportional to the mass of the body and in the direction of the force.
· Third:  Every action has an equal and opposite reaction.  In rocketry that opposite reaction produces thrust. —TODAY’S FOCUS

Let’s take the Virtual Quiz on Newton’s Laws, I’ll read the questions as they come up on the slide. (PowerPoint Slides)  
I want you to think about the video clip and see if they make sense in explaining the law
(:15) Teacher Input
However, today and tomorrow, the focus is to get hands-on with rocketry.  Today, you’ll have an opportunity working in groups to launch string balloon rockets and compare their flight characteristics.

Tomorrow, you’ll build a film canister rocket.  Depending on the time it takes each group to finish, you may have a chance to engage in some more challenging launches.

Let’s begin by looking at the similarity between releasing a balloon filled with air and a jet engine.  (release a filled balloon in the classroom)

Explain Newton’s third law using the balloon example (PowerPoint Slide or Diagram on whiteboard) for example see page 6 of lesson plan

Explanation: When the pressure of the air is released that action is air rushing out the back end of the balloon and the reaction is the forward propulsion of the object, which is also known as thrust.

(:30) Guided Practice:
String Balloon Rocket Activity
	Divide students into teams of three
	Read all instructions below before proceeding
	Each team will: 
2. Run their fishing line through the straw
3. Tie the ends of the fishing lines to fixed objects on the other side of the room so the line is parallel to the ground
4. Blow up the balloon 
5. Hold the end of the balloon so no air escapes
6. Tape the balloon to straw
7. Slide the balloon to the launching end of the fishing line
8. Let go of the end of the balloon
9. Repeat this procedure with balloons of different shapes and sizes
10. Measure the distance they travel using measuring tape and make judgments about the velocity of travel
11. Observe
Teacher’s Role:  Monitor, Help, Ask & Answer questions
Option: Activity for Advanced Students/High Performing Groups or Extended Learning
Two-Stage String Rocket Activity
Directions: http://www.uidaho.edu/idahotech/lessons/rockets/balloon.html
1. Run fishing line through the straws
2. Tie the ends of the fishing lines to fixed objects on the other side of the room so the line is parallel to the ground
3. Blow up the balloons 
4. Hold the end of the balloons so no air escapes
5. Tape the first balloon to a straw
6. Slide the cardboard hoop over end of balloon
7. Tape second balloon to straw
8. Position the front of the second balloon into Styrofoam cup hoop so that it fills the hoop and compresses against the tail end of the first balloon so it’s airtight
9. Slide the balloons to the launching end of the fishing line
10. Let go of the end of the balloon
11. Observe

(:05)Once triads complete their 3 launches
1. They will enter their data onto an Excel spread sheet
2. Create bar graph comparing distance data

(:05) Discussion Questions:
1. In the flight of the balloon what was the action? Air escapes out the rear end
2. What was the reaction? Balloon propels forward—thrust
3. How does this relate to Newton’s third law?
4. How does the size & shape of the balloon affect the distance of its flight?  Note: Help coach them through this part to set them up for journaling
5. Do bigger balloons have greater or less velocity than smaller balloons?  Answers based on their experiment?  Encourage them to speculate.
6. If you used coarse twine instead of fishing line, how would this affect the flight of the balloon? Highlight the role of friction in creating drag
(Homework Assignment) Journal Entry: (refer to handouts or access them on computer)
1. Which of Newton’s Laws applied to your balloon experiment and defend your answer? (Option)  Allow some students to draw question one
2. How did the space and size of the balloon affect the flight of the your balloon?
(:10) Interim Summary (End of Day 1)
Thumbs up/Thumbs down quiz	True/False Questions
1. T/F--Newton’s Third Laws says that a balloon filled with air and release will go forward because a body in motion wants to remain in motion
2. T/F—The reaction in Newton’s Third law produces thrust in the string balloon.
3. T/F—If the 7” balloon moves faster on the string than the 12” balloon, we would say it has a greater mass.
Student Assist Diagram
If I were going to diagram Newton’s Third Law as it applies to rockets, how would I draw it? (Power Point slide)
Verbally have student lead you through constructing the balloon propulsion diagram on whiteboard.
Label: Action, Reaction, and Thrust
Tomorrow, we’ll work with this concept again by experimenting with Alka-Seltzer Rockets.  We’ll also reinforce how passive controls influence the flight of the rocket.
 
(:15) Teacher Input (Day Two)
Review Yesterday’s String Balloon Activity
	Discussion Questions:
1. How did Newton’s third law of motion influence?
2. In the string balloon describe what is the action and what is the reaction?
3. How does the shape & size of a balloon influence the velocity or acceleration of the string balloon rocket?
4. How is this similar to a real jet engine?

Re-teach any concepts or vocabulary that didn’t your assessments revealed were lacking
(:50) Independent Practice
Note1:  If computers and Internet access are available, have student triads find the instructions on the website below, print them out and have them go to work.  If not, print out the directions and put them to work.

Note 2:  You will need materials listed for the Alka-Seltzer activity.  If you use the stomp or water rocket options, you’ll need those materials also.  Check the day one lesson plan materials list on page 6.

Build A Rocket Activity:  Working in triads students will build and launch one of the rockets below

(Standard Option)  -Alka-Seltzer Rocket according to instructions provided at www.spaceplace.jpl.nasa.goov/rocket.htm
· Provide triads with four Alka-Seltzer tablets
· Instruct them to vary the amount of tablet & water mixture to assess what mixture provides the best propellant

(Simple Option)  Stomp rockets
· Provide triads with stomp rocket kit
· Triads will perform basic assembly
· Ensure they take turns launching rocket
· If they get ahead of the others, have the perform target competition

(Advanced Option)  Water Rocket
· Provide the with water rocket kit
· Triads will construct rocket & launcher
(:05) Assignments:  Journal Entry and Diagram
1. Journal Entry:  How does Newton’s Third Law of Motion influence the flight of your film canister rocket or stomp?  Elaborate please (1/3 page single spaced)
2. Diagram:  Draw a diagram showing how Newton’s Third Law of Motion influenced the flight of your rocket.  Include the action, reaction and thrust. 

(:20) Summary & Closure (PowerPoint)

Summary
Jet-Parody Summary/Review Activity
Closure
This lesson is bases on a simple premise—the core of rocket propulsion is based on actions and reactions you’d find in a simple balloon.  When the trapped air finally acts and begins to flow, it creates a reaction, which causes motion we call thrust.
A jet engine does the same as the balloon engine it forces air out the back of the engine with such force that it generates a large enough amount of thrust to propel an aircraft or rocket forward
Evaluation/Assessment of Student Learning
1. Success/Failure of triad’s string balloons and Alka-Seltzer Rocket Experiments
2. Responses to PowerPoint Flashcards
3. Responses to post activity discussion questions
4. Responses to PowerPoint Jet-Pardy Game
5. Responses to Thumbs Up/Down Review
6. Journal Entry responses
Plans for Individual Differences
1. Activity Options:  For student who would have difficulty constructing the Alka-Seltzer rocket, the stomp rocket activity is a valuable substitute activity.  It’s quick & simple.
2. Journal Options: For students with difficulty writing journal entries, you can have them only draw the diagram.  Have them focus more effort on providing detail and properly labeling the components of their diagram.
3. Optional Activity:  For really advanced students, they can substitute a water rocket for the Alka-Seltzer rocket.  This will provide them a more challenging construction and launch activity.





Materials/Technology

· Aver-key or video projector
· Computers with Printer
· Internet
· Microsoft Office: Word, Power Point, and Excel Software
· Journal Entry and Balloon Findings Forms

Balloon String Rocket Activity
· Assorted Balloons (1 per size per triad)
· Fishing line (approx. 40feet per triad)
· Poles, beams or structures approximates 40 feet apart suitable to tie line on
· Drinking Straws (1 per triad)
· Masking Tape
· Two Stage Balloon String Option
· 2 long party balloons (per triad)
· Fishing line 
· 2 plastic straws (per triad)
· Styrofoam coffee cup (per triad) 
· Masking tape 
· Scissors 
· Spring clothespins (optional)
· 50” measuring tape

Alka-Seltzer-Film Rocket Activity (per triad)
· 1 “Fuji-type” film canister w/caps
· Scissors
· Construction Paper
· Measuring cup (a marked film canister will work)
· Cup for pouring water
· 4 Alka-Seltzer Tablets
· Stomp Rocket Kit (Option)
· Water Rocket Kit (Option)
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