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Title:  Gear, Motion & Newton 
Overview:  Students will explain and demonstrate Newton’s first law of motion and apply it to sports.   Polymers are used in protective gear such as helmets for football players, baseball, and cyclists.  Students will make polymers and use the technology to create their own protective gear.

Grade Level: 5-8
Subject Matter:

Physics, Chemistry

Duration: 5 classes of 40-50 minutes each
National Standards Addressed:

Science Content Standard A:  Science as Inquiry

Design and conduct a scientific investigation

Develop descriptions, explanations, predictions, and models using evidence

Communicate scientific procedures and explanations

Science Content Standard B:  Physical Science

Properties and changes of properties in matter

Motions and forces

Science Content Standard E:  Science and Technology

Abilities of technological design

Design a solution or product

Implement a proposed design

Evaluate completed technological designs or products

Communicate the process of technological design
Objectives:

Define Newton’s first law of motion.


Explain how Newton’s first law of motion applies to objects at rest.

Explain how Newton’s first law of motion applies to objects in motion.


Explain the concept of inertia.
To make observations and record data.

Understand what is a polymer and how they are synthesized.

Explore uses of polymers.
Materials:

Drinking glasses

Eggs

Empty toilet paper tubes

Coins

Spatula

Playing cards

Toy car

Doll

Borax

Elmer’s school glue

Liquid laundry starch

Plastic spoons or wooden popsicle sticks for stirring

Plastic storage bags

Foil wrapped hollow chocolate balls

Plastic eggs

Procedure:

Day 1:

1. Hook- Perform an example of Newton’s First Law of Motion at the start of class.  Set up the following demonstration before the students arrive for class.  Place three drinking glasses half full of water in an area close to the edge of your lab table or desk.  Place an aluminum pie pan (right side up) on top of the three glasses.  Set one empty toilet paper tube on top of the pie pan, over the center of each opening of the three glasses.  Place an egg on top of each toilet paper tube.   The students will see this as they enter the room and will be intrigued by the balancing eggs.  When class starts, take a meter stick and hit the aluminum pie pan with enough force that it quickly moves off of the glasses.  If you are successful, the pie pan and three toilet paper tubes will be on the ground and an egg will be sitting in each of the three glasses of water.  

2. Ask the students to explain what happened in the demonstration.  The students should determine that the system was at rest upon their arrival.  A force acted on the pie pan only.  The edge of the pie pan was the force that acted on the toilet paper tubes.  A force did not act on the glasses and eggs.  When the toilet paper tubes moved, the eggs dropped into the glasses below due to the force of gravity.  Explain to students that this is an example of Newton’s first law of motion (An object at rest stays at rest and an object in motion stays in motion with the same speed and in the same direction unless acted upon by an unbalanced force.)

3. Students should write down Newton’s First Law of Motion in the lab notebooks.  Students will visit stations where they can practice Newton’s First Law of Motion.  Set up an activity at each table:

a. Stack of quarters- hit the quarter at the bottom of the stack, one at a time, continually, with a metal frosting spatula.  

b. Glass, card and coin- set a playing card over the opening of a glass and place a coin on top of it.  Students flick the card and the coin falls into the glass.  A variation of this would be to balance the card and coin on your finger rather than over a glass.

c. Crash test- set up a ramp with a barrier a few centimeters from the bottom of the ramp.  Push a car (with a doll/action figure passenger) down the ramp and observe what happens to the passenger when the barrier is reached.

d. Catch the penny- Bend your elbow completely, so your wrist is as close to your shoulder as possible.  Balance a penny right on your elbow.   Swing your arm forward and catch the penny.  Try it with a stack of pennies!
4. For each station, the students should discuss how each example shows Newton’s First Law of Motion.  They should include the terms “unbalanced force” and “inertia” in their explanation.

Day 2:

1. Review Newton’s First Law of Motion with the students.  Explain that it can be applied to personal experiences, for example, when you try to smack the ketchup out of the bottle or when you ride your bicycle into a tree or pothole.  Newton’s First Law is also applied to sports.

2. Watch a 3:51 minute video to demonstrate the application of the law to football.  “The Science of NFL Football: Newton's First Law of Motion” at http://www.nsf.gov/news/special_reports/football/lawofmotion.jsp and hold a discussion:

a.  How is Newton’s first law of motion applied to a defensive player tackling a quarterback?

b. What is going on with the defensive player?

c. What happens to the quarterback?

d. What is the importance of the pads and helmets worn by the players?

3. Listen to Pulse of the Planet # 4852 Material Science: Helmets” at http://www.pulseplanet.com/dailyprogram/dailies.php?POP=4852
Discuss the purpose of the foam in sports helmets (to absorb the impact of collision).  The program also mentions that the foam is a plastic made of polymers.  Ask what a polymer is.

4. Listen to Pulse of the Planet # 4851 Material Science: Making Chains” at http://www.pulseplanet.com/dailyprogram/dailies.php?POP=4851
a. What does “poly” mean?  “mer”?

b. Monomers are units that make up polymers.  What happens when you combine polymers?  (Changes the properties of the plastic)

c. Reinforce that the foam of a football helmet is made of a polymer.  Ask students if they would like to try to make their own “helmet”.

Day 3:

1. Review polymers.  Students will make different polymers and compare the properties.  They will ultimately be used to form a “helmet” to protect a chocolate on impact.  Students will work in a group of three to make the following recipes for various types of slime or gak.

School glue slime:  

· Place 20 ml of water with 25 ml white school glue into a clean plastic cup.

· Add 5-10 ml of 4% Borax solution (4 grams Borax per 100 ml water) and stir with a stick. 

· Once the slime is formed, knead with your hands for several minutes to get it to the right consistency.  

· Store your slime in a zippered plastic bag.

Laundry starch slime:  This is a polymer made from white glue and laundry starch. Laundry starch is a polymer in water and is used to help fabric resist wrinkling. 

· Place 5 ml of white glue into the bottom of your plastic cup.

· Add 15 ml of the blue laundry starch and stir with a stick. Have your partner stir the glue as you add the starch.

· Once the slime has formed, remove from the cup and knead with your hands for several minutes. 

· Store your slime in small plastic storage bags.
Guar Gum slime:  

· Put 80 ml warm water into your plastic cup. 

· Use a stirring stick and add 1 ml guar gum into the water. Stir until mixed and the guar gum is dissolved. 

· While stirring, add about 30 ml 4% borax solution to the guar gum mixture. 

· Once the mixture has formed, remove the slime from the cup and knead it in your hands. 

· Place the slime in a plastic storage bag.
2. Once students have made all three polymers (slime recipes), have them do various tests on the slime by pulling, pushing, twisting, bending and squeezing it.  The students should record their observations in their lab notebook.

3. Make sure all slime samples are stored in plastic bags and labeled.   Do not allow the slime to go down the drain or it will adversely affect the plumbing.
Day 4:

1. Students will work in groups of three to design and create a “helmet” for an unwrapped hollow chocolate ball.  The shell of the helmet is a plastic egg.  Students will line the egg with portions of the slime recipe or other foam/polymer materials on hand (polystyrene foam peanuts, Styrofoam, etc.).  An effective helmet will prevent the hollow chocolate from cracking at a height of at least 30 cm.

Day 5:  

1. Students will test helmets by dropping from various heights, starting with 30 cm above the ground.   Students will analyze the designs that worked and did not work.  

2. Discuss:  

a.  Which materials/design protected the chocolate?  How?

b. Which materials/design were not successful?  Why?

c. What happened to the plastic egg shell- stay closed or open up on impact?  

d. What are the similarities between your helmet and a helmet used in the sports industry?  

e. How did the chocolate ball experience Newton’s first law of motion?

Additional Resources

Web sites

Steve Spangler Science- GAK recipe

http://www.stevespanglerscience.com/experiment/00000039
The Science Spot

http://sciencespot.net/Pages/classchem.html#Anchor-poly
Amusement Park Physics

http://www.learner.org/interactives/parkphysics/bumpcars2.html
Utah State Office of Education- 8th grade Core Curriculum page

http://www.schools.utah.gov/curr/science/sciber00/8th/forces/sciber/newtons.htm
Bill Nye printables

http://www.billnye.com/for-kids-teachers/printable-one-sheets-for-teachers/
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
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
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
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 
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
Video

The Science of NFL Football

http://www.nsf.gov/news/special_reports/football/lawofmotion.jsp
NBC Learn

http://www.nbclearn.com/portal/site/learn
PopSci’s Future of: Smart Football

http://science.discovery.com/videos/popscis-future-of-smart-football.html
The Science Channel- How Its Made:  Football Helmets

http://science.discovery.com/videos/how-its-made-football-helmet.html
Audio

Pulse of the Planet # 4851 Material Science: Making Chains  http://www.pulseplanet.com/dailyprogram/dailies.php?POP=4851
Pulse of the Planet # 4852 Material Science: Helmets http://www.pulseplanet.com/dailyprogram/dailies.php?POP=4852
Pulse of the Planet # 4872 Material Science: Silly Putty

http://www.pulseplanet.com/dailyprogram/dailies.php?POP=4872
Interactive Graphics

Wisc-Online

http://www.wisc-online.com/Objects/ViewObject.aspx?ID=tp1202
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
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
Articles

Other

Educational Innovations Impact Testing Kit

http://www.teachersource.com/Physics/LawsofPhysics/ImpactTestingKit.aspx
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