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Theme:  Sports 
Title: Sports and Polymers
Overview:

Polymers have changed just about every sport:  the way the games are played, the speed in which they are played, and the level of protection.  This technology comes from the use of polymers.  Polymers are lightweight, incredibly durable, and easy to make.  These factors have influenced sports.

Grade Level:

· 9-12

Subject Matter:

· Physical Science

Duration:
· 3-4, 50 minute lessons

National Standards Addressed:

Science as Inquiry

· Abilities necessary to do scientific inquiry

· Understandings about scientific inquiry

Physical Science

· Structure and properties of matter

· Motions and forces

· Conservation of energy and increase in disorder

· Interactions of energy and matter

Science and Technology

· Abilities of technological design

· Understandings about science and technology

Objectives:

By the end of the lesson, the students will be able to:

· Describe some of the chemistry in the bonds of polymers
· Describe the concepts behind conservation of energy
· Describe the concepts behind energy transfer
· Hypothesize on the bounciness of balls.
Materials:

· Internet connection

· Whiteboards

· Whiteboard markers

· Projector

· Screen

· Various balls

· Experimentation materials (see below)

Procedure:

1. Hook: Making slime

a. View (and download) the directions for making slime from Polyvinyl Alcohol (http://www.flinnsci.com/Documents/demoPDFs/Chemistry/CF0608.00.pdf). 

b. Instruct the students on how the procedure should go for making slime.

i. Tell them the instructions or,

ii. Print out the lab.

c. When finished discuss what they made.  Details from the background section of this lab can be expressed to the class.

i. PVA is a polymer.  What is a polymer?

ii. The word “polymer” is actually two words with one meaning.  What does “poly” mean?  What does “mer” mean?

iii. What is the “repeating unit” of PVA?  Can anybody draw it?

iv. If one polymer chain can have a molecular mass of 300,000 u (Daltons), how many PVA monomers would be in this huge chain?

2. Inquiry: Polymers

a. Introduce the next section by playing Pulse of the Planet Program: “Materials Science:  Making Chains”

b. After the program, point out the following:

i. Polymers are long chains of single monomers

ii. The monomers have been linked together somehow.

iii. The long chains of polymers are somehow linked together.

iv. The chains can be linked together to get different polymers that do different things.

c. Have students create “Silly Putty” with the following experiment:  http://www.stevespanglerscience.com/experiment/00000039 

d. When the lab is done and they have created their silly putty have the students answer the questions on the “Making Silly Putty” handout

e. Wrap up the lesson by playing Pulse of the Planet program “MatSci: Silly Putty.”  Answer any questions that come up from the lab.

3. Polymers in sports http://blogs.lib.ncsu.edu/chem/entry/polymers_in_sports 

a. In this section of the lesson the students will pick a sport from a suggested list and research the different plastics that contribute to the success of the sport.

i. Describe to the class the purpose of the activity:  to research, identify, and describe the plastics used in various sports.

ii. Hand out the page entitled:  “Plastics in Sports”

4. Impact Sports and Polymers

a. This portion of the lesson will allow students to use a guided research method to discover how helmets are made, their anatomy, and how they protect athletes.

b. Describe to the students the task:

i. They are to work with a partner.

ii. They are to research:  how helmets are made, the anatomy of the helmet, and how they protect athletes.

iii. Hand out the research form entitled “Impact Sports and Polymers.”

iv. Provide computers or ample time to finish the project.

c. Go over the answers in class and impress upon your students the benefits of polymers for their lightweight properties, flexible design, and lifesaving characteristics.

d. As a conclusion to this portion of the lesson, try the Helmet Crash Melon experiment at Steve Spangeler Science: http://www.stevespanglerscience.com/experiment/helmet-crash-the-melon-test 

i. Gather data and observations

ii. Discuss with the students the results

1. Which helmet worked the best?

2. Why did some helmets perform better than others?
5. The Science Behind Bouncing Balls

a. The Physics

i. Explain several principles of physics by showing several videos.

ii. Hand out the sheet entitled “Why do balls bounce?”

iii. Show the videos and describe the physics.

iv. Bouncing the Ball in Ultra Slow  http://www.youtube.com/watch?v=3jI57WMOzbU&NR=1 

v. Teacher notes:

1. Through this lesson, several videos will be shown to teach the students the concepts.  If you have a website, feel free to post these videos on your website so your students can review them.  You can create a quick easy site at: sites.google.com 
2. Video #1: Potential Energy http://www.youtube.com/watch?v=Jnj8mc04r9E 

a. Stop the video and discuss the vocab.

b. Based on what they see, have the students try to define the words first

c. Define: Potential Energy, Gravitational Potential Energy

3. Video #2:  Three Laws of Motion http://www.youtube.com/watch?v=UVdqxYyFRKY 

a. Allow the students time to fill in the blanks on their study guide (press pause when needed).

4. Video #3 and #4 

Inelastic Collision and Elastic Collision(http://www.youtube.com/watch?v=dyRj7k-mA2s&feature=related) ; Inelastic and Elastic Collisions (http://www.youtube.com/watch?v=MrZvzb23-Lo&feature=related) 

a. Video #3 has good information on elastic and inelastic collisions.

i. Pause frequently so the students can record answers.

ii. Elaborate and ask questions when needed.

b. Based on what they learned in video #3 have the students predict whether the collisions in video#4 will be elastic or inelastic.

i. Turn the sound down

ii. Pause the video for answers.

5. Video #5:   A water balloon not Exploding at High Speed http://www.youtube.com/watch?v=XngQJzAmVm8&playnext=1&list=PL9AC2E471B5EEADD3&index=49
a. Show this high speed video of a water balloon falling but not breaking.

b. Allow some time for the students to generate an answer.

6. Video #6:  High Speed video of a golf ball compressed by a driver http://www.youtube.com/watch?v=2Y57pw_iWlk 

a. Describe the science behind a bounce.  See this site for a quick explanation:  http://www.howeverythingworks.org/page1.php?QNum=1426 
b. Superballs

i. In this portion students will look into some of the chemistry and additional physics using the Superball (by Wham-o).  http://indianapublicmedia.org/amomentofscience/superballs/   or  http://www.ideafinder.com/history/inventions/superball.htm  
c. How does temperature affect bounce?

i. Click on the Bouncing Balls from Exploratorium:  http://www.exploratorium.edu/baseball/bouncing_balls.html . 

1. Do this as a demonstration for the class.

2. Describe the following:

a. The lower the temperature the less flexible the particles are.

b. Any deformation in the ball will go to warming the ball rather than rebound.
ii. To enhance the ideas presented show them these videos of balls that were chilled to extreme temperatures.

1. Glass transition energy dissipation as rubber ball bounces at 25 ºC http://www.youtube.com/watch?v=T0Ail1q5G_4 
2. Glass transition energy dissipation as rubber ball bounces at 50 ºC http://www.youtube.com/watch?v=jnC5pUrP0n4&NR=1
3. Glass transition energy dissipation as rubber ball bounces at 70 ºC http://www.youtube.com/watch?v=Hbvu3Ctkp1E&NR=1 

d. Test what you know.

i. Describe the activity:

1. Students have learned a lot about materials and the science behind the bounce.

2. Now they will hypothesize and test their own experiments.

ii. How the activity will be done.

1. Students will form in to small groups.

2. They will decide on 5 balls (or spheres) that they want to test.  The balls have to have varying composition.  In other words, they shouldn’t test different brands of golf balls.

3. Go over the different aspects of the lab the students are required to include.

iii. Bouncing Ball Experiment http://www.lauracandler.com/filecabinet/science/ballexp.pdf 

Handouts:

Making Silly Putty

1.  What is the source of the polymer in this experiment?

2. What is the name of this polymer?  Look this up online.  Use a netbook, an iPod, or cell phone with a data plan. Silly Putty http://www.science-house.org/CO2/activities/polymer/sillyputty.html (scroll down)

3. What does the Borax do to the polymer strands?

4. How did the physical properties of the glue polymer change when the Borax was added?

5. Is the “silly putty” you made a solid or a liquid?  Come up with an answer by running a few tests.  First, stretch is slowly.  What does the putty do?  Second, pull it apart very quickly.  What does the putty do?  Third, hit the putty with a hammer.  What does the putty do?  Now, answer the question from above and support your answer with some of your results.

Plastics in Sports
Objective:  research, identify, and describe different plastics used in sports.

Use the following sites to research the different plastics in sports:

· American Chemistry: Plastic in Sports http://www.americanchemistry.com/s_plastics/sec_learning.asp?CID=1456&DID=5329
· American Chemistry: Athletic Excellence http://www.americanchemistry.com/s_plastics/sec_learning.asp?CID=1456&DID=5350 
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	Plastics
	Uses of the plastics in the sport
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“Impact Sports and Polymers”

Directions:  Answer the following questions using the resources listed below.  Use complete sentences and thoughts to demonstrate understanding of the concepts.

Resources:

· Pulse of the Planet program:  “MatSci:  Helmets.”

· Impact of Ploymers in impact sports http://www.polymerambassadors.org/ModernBodyArmorall.pdf
· How NFL Equipment Works http://entertainment.howstuffworks.com/fb-equip5.htm
· Acrylonitrile butadiene styrene http://www.dynalabcorp.com/technical_info_abs.asp
· Polycarbonate Plastics and Bisphenol A Release  http://www.bisphenol-a.org/human/polyplastics.html 

· How It’s Made: Football Helmet http://videos.howstuffworks.com/science-channel/5027-how-its-made-football-helmet-video.htm
· Physics of Football: http://www.youtube.com/watch?v=cGhKVNUfPcc 

· Helmets http://cs-helpdesk.student.framingham.edu/Webpages/connyb/samples/soor/bayview/helmet.htm 

1. List the five parts to a football helmet:

2. What polymer is the outer shell of the helmet typically made out of?  Describe the properties of this polymer.

3. What is the padding inside the helmet made of?

4. What is the outer shell of a baseball helmet made of?  Why do you think baseball helmets are made out of a different substance?

5. Footballs helmets use different foams and air bladders as the inner lining.  What are the advantages of this varied approach to safety?

6. Describe the different impacts that baseball and football players would experience.

7. Compare the “g” forces that a high impact hit in football to what a fighter pilot would experience.

8. What percentage of football equipment is made from plastics?  Why do you think this is so?

9. Describe how the integrity of a helmet is tested.

10. Why can’t a safety helmet (cycling) exceed 300 g’s of force during a test?

The Science of Bouncing Balls

Everything you will need for this portion of the unit will be presented to you or performed by you.  You will use this packet to take notes, define unknown words, and record observations and data.  This will be graded so do you best on each activity.

“The Physics”

1. Define the following as I show you videos or demonstrations.

2. Potential Energy – 

3. Gravitational Potential Energy – 

4. Kinetic Energy – 

5. Newton’s First Law of Motion – 

6. Newton’s Second Law of Motion – 

7. Newton’s Third Law of Motion – 

8. Elastic collision – 

a. Summarize the essentials of an elastic collision:

9. Inelastic collision – 

a. Summarize the essentials of an inelastic collision:

10. Using a few sentences, describe what kind(s) of collision(s) the balloon is going through.

11. Describe why a ball bounces but will never return to its original height.

12. Is a bouncing ball ever a perfect elastic collision?

a. Where does some of the energy go?

13. Describe all the energy transformations that a bouncing tennis ball goes through.  Start with the gravitational potential energy that the ball has before it is dropped.  Be sure to include thermal energy loss, friction, elastic and inelastic collisions.

“Superballs and Bounce”

Use the following sites to help answer the questions below:

· Superballs http://indianapublicmedia.org/amomentofscience/superballs/
· Super Ball http://www.ideafinder.com/history/inventions/superball.htm  

· What is a Ball Made Out Of?  http://pslc.ws/macrog/pb.htm 

· Polymerization of butadiene

http://en.wikipedia.org/wiki/Polybutadiene#Polymerization_of_butadiene
1. What are Superballs made of?  Name the molecule and sketch it below.

2. Describe the molecule that Superballs are made of.

3. What role does sulfur play in making Superballs so bouncy?  Why does this help so much?

4. Based on what you have learned so far, what is it about the construction of Superballs that make them such excellent bouncers?

Bouncing Ball Experiment
Objective:  Your group will design an experiment to effectively test the bounciness of five balls.

What should your experiment include?

· A list of materials:  what you will need to run the experiment.

· A hypothesis:  take a guess at the rank of the best bounciness.

· A procedure:  how you will run the experiment.

· A method for measuring height.

· A method for dropping the ball.

· How many times the balls will be dropped.

· A data table:  recording your results.

· Answers to calculations and questions.

Questions/Calculations:

1. What is the average height of each ball?

2. Did your results agree with your hypothesis?

3. Why do you think there was a deviation from your hypothesis?

4. What was your dependent variable in this experiment?

5. What was your independent variable In this experiment?
Additional Resources

Web sites

Teacher Developed Lesson Plans - Cornell Center for Materials Research 

(Lesson plans on friction, polymers, patterns in nature and more K-12) 

http://www.ccmr.cornell.edu/education/modules/retmodules.html
Lesson Index – Science Net Links / Verizon Foundation Thinkfinity Program / AAAS
(Lesson plans on topics such as the properties of air, materials and manufacturing, among varied materials science topics K-12)

http://www.sciencenetlinks.com/matrix.php
On the Ball teaching guide – PBS / Scientific American Frontiers 

(Teaching guide on the science of baseball, the physics of motion and bouncing - includes quiz and activities 5-12)

http://www.pbs.org/saf/1206/teaching/menu.htm
Teach Engineering – University of Colorado 

(Extensive lesson plan collection on hundreds of topics, including physics, sports and engineering. Enter “engineering in sports” in search field for large learning module on engineering and sports 5-12)

http://www.teachengineering.org//browse_lessons.php
Lesson Plans – Tryengineering.org

(Lesson plans covering engineering topics such as motion, force and friction, as well as the parachute and canoe design - includes other sports topics 5-12)

http://www.tryengineering.org/lesson.php?cat_id=33
Stuff for Teachers – Strange Matter Exhibit / Ontario Science Center 

(Includes teachers’ guide, materials science classroom demonstrations and activities K-8)

http://www.strangematterexhibit.com/teachers.html
Educational Resources - Polymer Science Learning Center / University of Southern Mississippi

(Lesson modules on all things polymer covering different types of polymers, every day applications, how they fight fire and more – includes a range of activities and games K-8)

http://www.pslc.ws/teacher.html
Kevlar: The wonder material – Berkeley Lab / University of California

(Teaching modules on Kevlar. Scroll down for extensive lesson on properties and uses of Kevlar 9-12) 

http://www.lbl.gov/MicroWorlds/module_index.html
Plastics Learning Center – American Plastics Council

(Learning modules on everything plastic, including vinyl, polymers - how plastics are used in sports. Includes and investigation kits and activities K-12)

 http://www.americanchemistry.com/s_plastics/sec_learning.asp?CID=1102&DID=4256 
Cool Stuff for the Classroom – The Tech Museum of Innovation

(Learning guides on buoyancy, electricity, forces and motion, and many design challenge topics K-12) 

http://www.thetech.org/education/programs/classroom/
Aerodynamics in Sports Equipment – Cislunar Aerospace

(Topics include racecars, curve balls and the Frisbee, among others - click through learning module, then on “lesson plan” tabs at bottom K-8)

http://wings.avkids.com/Book/Sports/instructor/index.html
In the Classroom Lesson Plans – Verizon Foundation Thinkfinity Program
(Lesson plans on a variety on topics such as invention, what makes things float, and the elements of composition among literally hundreds K-12) 

http://www.thinkfinity.org/lesson-plans
Lesson Plans Page - Hotchalk

(Various lesson plans on topics including friction, torque and the speed of sound – advertising featured on this site K-12)

http://www.lessonplanspage.com/Science.htm
Sports Science – Exploratorium

(Explore the science of hockey, surfing and cycling, among others – extensive interactive learning modules K-12) 

http://www.exploratorium.edu/sport/
Other

Fun Stuff – The UK Center for Materials Education 

(Includes ball games, animated lessons on stealth aircraft and Formula One race cars and other topics K-12)

http://www.whystudymaterials.ac.uk/students/fun.asp
The Science Museum UK

(Materials science activities K-8)

http://www.sciencemuseum.org.uk/educators/classroom_and_homework_resources/ks2/materials.aspx
Polymers in Action! – Polymer Science Learning Center / University of Southern Mississippi

(Activities including polymer experiments, make your own polymers activity and downloadable coloring books K-8)

http://www.pslc.ws/macrog/kidsmac/kfloor4.htm
Science Snacks – Exploratorium

(In-class science experiments re: physics, engineering and sports K-12)

 http://www.exploratorium.edu/snacks/index.html
Student Activities – Cislunar Aerospace

(Quizzes on sports science, engineering and physics 5-12)

http://wings.avkids.com/Activities/intermediate.html
Sports and Science: Physics and Biomechanics - Montana State University 

(Learning module on the physics and biomechanics of winter sports 5-12)

http://btc.montana.edu/olympics/
Stuff! - Strange Matter Exhibit / Ontario Science Museum 

(Educational activities highlighting material structure, performance and properties K-8)

http://www.strangematterexhibit.com/index.html
Activities – Discover Engineering 

(Design your own aircraft, make homemade slime and browse engineering trivia K-12) 

http://www.discoverengineering.org/
Games

Invention at Play – Lemelson Center for the Study of Invention and Innovation

(Puzzle blocks, cloud games, tinker ball and other games for young students K-4)

http://www.inventionatplay.org/
Play Games – Tryengineering.org

(Includes “Bionic Arm Challenge” and “Design a Parachute” 5-12)
http://www.tryengineering.org/play.php
Launchball – The Science Museum UK

(Educational game exploring the physics of light, forces and motion, electricity and magnetism, as well as energy transfer and K-4)

http://www.sciencemuseum.org.uk/educators/classroom_and_homework_resources/resources/launchball.aspx
Online Games – Dragonfly TV 

(Games including “Mechanical Madness,” “Nanobots,” and “Mega Bounce” K-4) 

http://pbskids.org/dragonflytv/games/index.html
Ten Frame – Verizon Foundation Thinkfinity Program / National Council of Teachers of Mathematics 

(Math skills game K-4)

http://illuminations.nctm.org/ActivityDetail.aspx?ID=75
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