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2 Liter Bottle Rockets

A cross curriculum experiment that can be expanded to encompass all curriculum areas.

Overview:  Students will use scientific process skills to accomplish this project that requires them to plan, design, examine and learn about motion and forces.  This is a small group project.  Each group of approximately 4 students will design, make purchases, build, test, launch and refine a bottle rocket.  As part of this project, the team will have a budget of the amount of money that is age appropriate to build the rocket.  Groups will keep a continuous record of expenditures once they begin construction.  As students prepare for launch, they will predict how much fuel (water) should be used to provide the maximum performance.  After the launch, students will evaluate their rocket’s performance.  Learning from their first launch, students will adjust the fuel load to improve their rocket’s performance.
Why:  This lesson is a cross curriculum lesson design to excite students and give a real world example of why all curriculum areas are important in a project.  They will be motivated to use their math and science skills.  Students will see a practical application for classroom lessons.  This lesson promotes social skills as students work in teams.

Grade level:  Can be adjusted for grades 3 – 8

Scientific Principles: Motion, force, mass, gravity, friction

Other subject areas: Math, writing, business, accounting, art

Materials Needed:  (the list can be expanded by the students)
2 liter plastic bottles

Poster board
Cardboard

Construction paper

String

Straws

Markers

Rulers

Scissors

Pencils

Glue and glue guns

Duct tape

Masking tape

Sandwich bags – plastic

Modeling clay

Water

Water pitchers

Rocket Launchers
Rocket Launchers can be made or purchased, several different science supply companies are listed below that make launcher kits

http://www.arborsci.com/Products_pages/cool_tools/cooltoolsbuy2.htm
http://sciencekit.com/category.asp_Q_c_E_594395
Students can even bring in their own materials if you wish.  

General Objectives:  Students will:

1. Work as a team to accomplish their objectives

2. Create and work within a budget

3. Use scientific method to test their ideas about rocketry
4. Find the center of mass and center of pressure on a rocket

5. Create a scale drawing of their rocket

6. Design and launch a stable rocket

The Activity 

Students will need some idea of what a rocket is and what it is used for.  Many students will have only known the Space Shuttle as a method of going into space.  Many images of the Saturn V can be found online that took us to the moon.  They are also used to launch satellites, part of the International Space Station, even 4th of July fireworks.  At this point you might want to start covering scientific concepts and terminology.

The project will be conducted in four stages (like rocket stages, each building on the other)

Stage 1: Introduction

(Based on the age groups that you teach, feel free to modify the steps as needed)

Objectives: 

1. Students will understand the goal and basic processes needed to complete the rocket project
2. Students will complete the rocket checklist

3. Students will complete the company name sheet

4. Students will complete their budget projection sheet

Note: Teacher should give notice that the project is graded on numerous criteria, not just how good the rocket looks or even just how well it flies
Procedures:

Create groups with no more than 4 students each

Provide a focus about taking an empty bottle and being able to launch it into the air

Distribute the handouts and journal

Discuss the overview of the project.  Trainees will design and build the rocket within a given budget.  Explain that this is the only information that they will receive for free.  After this rocket briefing, any additional information or answering any question will cost them money, therefore it is important that students be attentive to the information and asks questions.

Employment list:  Students decide who wants to be responsible for various parts of their project

Name their project: 

Materials and price list: Explain to the students that they have a budget based on age group.  This page list the cost of items

Budget Sheet: Students record everything they need to build a rocket and sum the total cost
Start Scale drawing – have student to do their best to determine the design of their rocket

Stage II: Construction

Objectives: 
1. Group will keep accurate balance sheet
2. Group will go shopping for materials

3. Group will construct a rocket

Note: Each question address to the NASA Rocket Consultant (teacher) will cost money determined by age group.

Note: Students need to know NOT to permanently attach the nosecone with glue until they have completed the swing test in Stage III.

Procedures:

1. After the budget project sheet is completed, the teacher will check it.  Money will be taken away for mistakes.

2. Group will build their rocket

3. When rocket is complete, measurements will be taken of the rocket and recorded

4. Clean up and make sure all information is recorded in the journal and the journal is up to date

Stage III: Testing and revision if needed

Objectives:

1. Group will learn about the center of mass and center of pressure
2. They will record this data to determine if modifications are needed
3. Group will conduct swing testing and record resulting data

4. Group will make modifications

Procedures:

1. Explain the center of mass and Center of pressure.  
2. Hand out the page on rocket stability.  Explain this is very important.  It will help them determine if their rocket will be stable during flight.  
3. Discuss how to find the center of mass and center of pressure.  You can practice find the center of mass on several items in your classroom.  Point out that the center of mass must be in front of the center pressure.  
4. Demonstrate a swing test for them.
5. Students will now refer to the stability test and swing test instructions

6. Students may purchase additional materials if needed.

7. Clean up work area

Stage IV: Launch

Objectives:
1. Group will launch their rocket

2. Group will observe their rocket and record information

3. Students will discuss and draw conclusions about rocket performances

Teacher Assistance:

What to do around launch time?
· As each group is ready to launch, have one person from the team present the rocket and give a “briefing” on its design

· The team must select the amount of water to place into the rocket and they are to record this data.  Never fill the rocket more than ½ full of water

· After the launch, each group should record all data about the flight

· After the entire class has launched their rockets, compile data on the rocket launch from the entire class.  Here are some ideas that you can use to involve the class in discussion.

· How does the amount of water in the bottle affect the flight of the rocket?  This data could be placed in an Excel spreadsheet and then graphed to allow students the chance to view performances based on water used.

· What rocket design worked better?  Did the number of fins impact the flight.  What about the size of the fins?

· Did you use difference size bottles?  If so, how did the size of the bottle impact flight?

· Will a bottle with no nosecone or fins fly or be stable when launched?
Some FAQ’s
· What caused the rocket to fly?  Newton’s’ third law of motion helps explain why the rocket flew.  For every action, there is an equal and opposite reaction.  The action that occurred was pressure escaping through the end of the bottle rocket.  This cause the rocket to move in the opposite direction.

· What caused the rocket to slow down and then return to earth?  Friction caused by air against the rocket caused it to slow down… gravity caused it to return to the ground.

· Why did my rocket flip, tumble, and/or spin?  Some possible factors are:

· Unbalanced:  When the rocket was built, it should have been top heavy.  Adding weight to the nosecone area of the rocket helps it to fly straight when launched.  The Center of Mass should have been close to the nosecone above the center of pressure when the stability test was performed prior to launch.  If the center of pressure was close to or above the center of mass, it will cause the rocket to spin around its center of mass.   

· Poor design: Did the nosecone stay on?  Was the nosecone aerodynamic?  What about the fins?  Were the fins too small?

· Why did some rockets fly higher than others?

· Weight and fuel ratio: Weight of the rocket?  Amount of water used?  Amount of PSI?

· Was the rocket aerodynamic?

· Weather factors such as wind. 

How to Build a Bottle Rocket

Bottle rockets are very easy to build.  Make sure to test your rocket for the Center of Mass and Center of Pressure after you build your rocket.

1. Wrap and glue or tape a tube of poster board around the bottle.

2. Cut out several fins of any shape and glue them to the tube.

3. Form a nosecone and hold it together with tape or glue.
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4. Press a ball of modeling clay into the top of the nosecone or you may want to try to press and type it to the top of the bottle or a little of both.

5. Glue or tape nosecone to upper end of bottle.

6. Decorate your rocket.

Rocket Stability

Key terms:


Stable


Unstable


Center of pressure


Center of mass

A rocket that tracks true (flies straight) through the sky is said to be a stable rocket.  A rocket that veers off course or tumbles is said to be unstable.  The difference between the flight of the stable and unstable depends upon its design.  All rockets have two distinct “centers”.  The first is the center of mass.  This is the point about which the rocket balances.  If you could set your rocket on the edge of a ruler, the center of mass is the point that the rocket would balance horizontally like a seesaw.  (It is also the place in which half the mass is in front of the rocket and the other half is behind.)  If a rocket is unstable, the rocket will spend around this center.

The other center in a rocket is the center of pressure.  This is a point where half of the surface area of a rocket is on one side and the half is on the other.  The center of pressure differs from center of mass in that its location is not affected by the placement of payloads in the rocket.  This is just a point based on the surface of the rocket, not what is inside.  During flight, the pressure of air rushing past the rocket will balance half on one side of this point and half on the other.  You can determine the center of pressure by cutting out an exact silhouette of the rocket from cardboard and balancing it on a ruler edge.

The positioning of the center of mass and the center of pressure on a rocket is critical to its stability.  The center of mass should be towards the rocket’s nose and the center of pressure should be towards the rocket’s tail for the rocket to fly straight.  That is due to the lower end of the rocket (starting with the center of mass and going downward) has more surface area that the upper end.  When the rocket flies, more air pressure exists on the lower end of the rocket than on the upper end.  Air pressure will keep the lower end down and the upper end up.  If the center of mass and the center of pressure are the same place, neither end of the rocket will point upward.  The rocket will be unstable and tumble.

So, to have a stable rocket, the center of mass must be in front of the center of pressure.

How to Determine the Stability of your Rocket

1. Tie a string around the middle of your rocket.  Tie a second string to the first string or leave a very long “tail” (3 – 4 feet) on the string you used to tie around the rocket.  Slide the string loop to a position where the rocket balances.  Note: You might have to type the nose cone in place to keep to from falling off.
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2. Mark on your rocket where the loop is.  This represents your Center of Mass.  

3. Draw a straight line across the scale diagram of the rocket you made earlier to show where the ruler’s position is.  Label this line as the Center of Mass.

4. Lay your rocket on a piece of cardboard.  Carefully trace the rocket on the cardboard and cut it out.  

5. Lay the cardboard silhouette you just cut out on the ruler and balance it.
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6. Draw a straight line across the diagram of the rocket.  This line represents the Center of Pressure. 

If your Center of Mass is in front of the Center of Pressure, your rocket should be stable.  Proceed to the swing test.  If the two centers are on top of each other or very close, add more clay to the nosecone.  This will move the mass forward.  Repeat steps 1 and 2.  Check the new location of Center of Mass against the Center of Pressure.
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Swing Test

1. Tape the string loop you tied around your rocket in the previous set of instructions so that it does not slip.

2. While standing in an open place, slowly begin swinging your rocket in a circle.  If the rocket points in the direction you are swinging it, the rocket is stable.  If not, add more clay to the rocket nose cone or add larger fins.  Repeat the test until the rocket flies true in the direction you swing it.
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