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	LESSON OVERVIEW
	In this activity, students construct small flying rockets out of paper and propel them by blowing air through a straw.
The purpose is to demonstrate and apply the basic understanding of Newton’s third law. (forces come in pairs)

	INSTRUCTIONAL GOALS
	The students are expected to explain and demonstrate how forces come in pairs.

	
 TN STANDARDS
	Standard Number: 11.0 Forces and Motion
The student will investigate the effects of force on the movement of objects.

11.2 Demonstrate an understanding of Newton’s three laws of motion.


	FORMATIVE ASSESSMENT
	Student responses to questions after reading.

Teacher observations during student group work.



	LESSON ORGANIZATION
	Opening the Lesson: 
15 minutes
	Read aloud pp. 26-27 in the trade book, Galileo: the Genius Who Faced the Inquisition by Philip Steele.  Demonstrate the Galileo’s experiment at Pisa.  Discuss with students how we moved from Galileo’s ideas to Newton’s Laws to space travel.
Show a paper rocket to the students. 

	
	Developing the Lesson: 
40 minutes
	Have students construct their own paper rockets and decorate them. Students may work in pairs.

Distribute the materials and construction tools to each student.

Students should construct a rocket as shown in the instructions on the instruction sheet.

Tell students to predict how far their rockets will fly and record their estimates in the test report sheet. After test flying the rocket and measuring the distance reached, students should record the actual distance and the difference between predicted and actual distances. Students will test their rockets a total of three times and record an average.

Following the flight of the first rocket, students will construct and test one additional rocket of different size and design.  Time may force you to test additional rocket design the following day.

	
	Closing the Lesson: 
15 minutes
	Students share their results and discuss ways to improve the models to make them more efficient.

Discussion:

   1. What makes one rocket perform better than another? 

   2. How small can the fins be and still stabilize the rocket?

   3. How many fins does a rocket need to stabilize it?

   4. What would happen if you placed the rocket fins near the rocket's nose?

   5. What will happen to the rocket if you bend the lower tips of the fins pinwheel fashion?

   6. Are rocket fins necessary in outer space?



	TEACHING RESOURCES
	What materials, equipment, and supplies will be needed to implement the lesson?

Enter resources needed to implement the lesson here.

Materials and Tools:

Trade book Galileo: the Genius Who Faced the Inquisition by Philip Steele

Student sheets:

Paper Rocket Construction* 

Paper Rocket Test Report*

Altitude Tracker Sheet*

Scrap bond paper

Cellophane tape

Scissors

Sharpened fat pencil

Milkshake straw (slightly thinner than pencil)

Eye protection

Metric ruler

Masking tape or Altitude trackers

*Obtain student sheets from http://quest.nasa.gov/space/teachers/rockets/act5.html


	LAB SAFETY
	Because the rockets are projectiles, make sure students wear eye protection.

	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Use heterogeneous grouping to ensure special needs learners receive additional support from peers. 

	ENRICHMENT ACTIVITIES
	1) Try to determine how high the rockets fly. To do so, place masking tape markers on a wall at measured distances from the floor to the ceiling. While one student launches the rocket along the wall, another student compares the height the rocket reached with the tape markers. Be sure to have the students subtract the height from where the rocket was launched from the altitude reached. For example, if students held the rocket 1.5 meters from the floor to launch it, and it reached 4 meters above the floor, the actual altitude change was 2.5 meters. Refer to the Altitude Tracker activity for details on a second method for measuring the height the paper rockets reach.

2) Students develop a time line of scientific ideas and theories from Galileo up to 2007.  Select 5 points on the time line and apply the scientific knowledge to every day life.



	STANDARDIZED TEST ITEM 
	Jerry threw a ball into the air. It followed a curved path and soon fell to the ground because

a. air friction stopped the ball.

b. Gravity changed the ball’s direction.

c. The ball was not thrown hard enough.

d. The ball was not thrown straight up.
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	LEARNING GOALS
	Students are expected to explain and demonstrate how forces come in pairs.

	ASSESSMENT

(Attached rubric may be modified to fit teacher’s expectations and styles.)
	CATEGORY

4

3

2

1

Function

Structure functions extraordinarily well, holding up under atypical stresses.

Structure functions well, holding up under typical stresses.

Structure functions pretty well, but deteriorates under typical stresses.

Fatal flaws in function with complete failure under typical stresses.

Construction - Care Taken

Great care taken in construction process so that the structure is neat, attractive and follows plans accurately.

Construction was careful and accurate for the most part, but 1-2 details could have been refined for a more attractive product.

Construction accurately followed the plans, but 3-4 details could have been refined for a more attractive product.

Construction appears careless or haphazard. Many details need refinement for a strong or attractive product.

Construction -Materials

Appropriate materials were selected and creatively modified in ways that made them even better.

Appropriate materials were selected and there was an attempt at creative modification to make them even better.

Appropriate materials were selected.

Inappropriate materials were selected and contributed to a product that performed poorly.

Scientific Knowledge

Explanations by all group members indicate a clear and accurate understanding of scientific principles underlying the construction and modifications.

Explanations by all group members indicate a relatively accurate understanding of scientific principles underlying the construction and modifications.

Explanations by most group members indicate relatively accurate understanding of scientific principles underlying the construction and modifications.

Explanations by several members of the group do not illustrate much understanding of scientific principles underlying the construction and modifications.

Modification/Testing

Clear evidence of troubleshooting, testing, and refinements based on data or scientific principles.

Clear evidence of troubleshooting, testing and refinements.

Some evidence of troubleshooting, testing and refinements.

Little evidence of troubleshooting, testing or refinement.



	LEARNING ACTIVITY
	Making and Launching Paper Rockets:

· You  should each construct a rocket as shown in the instructions on the student sheet.

· Predict how far your rocket will fly. Record your estimate in the test report sheet. 
· After test flying the rocket and measuring the distance it reached, record the actual distance and the difference between predicted and actual distances on the Paper Rockets Test Report.

· Following the flight of the first rocket, construct and test two additional rockets of different sizes and fin designs.

Paper Rockets Construction Steps Provided Below:
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	ENRICHMENT ACTIVITIES
	1) Try to determine how high the rockets fly. To do so, place masking tape markers on a wall at measured distances from the floor to the ceiling. While one student launches the rocket along the wall, another student compares the height the rocket reached with the tape markers. Be sure to have the students subtract the height from where the rocket was launched from the altitude reached. For example, if students held the rocket 1.5 meters from the floor to launch it, and it reached 4 meters above the floor, the actual altitude change was 2.5 meters. Refer to the Altitude Tracker activity for details on a second method for measuring the height the paper rockets reach.
2) Students develop a time line of scientific ideas and theories from Galileo up to 2007.  Select 5 points on the time line and apply the scientific knowledge to every day life.
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