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	Lesson Plan Title:  

	High Powered Paper Rockets

	Primary Subject Area: 

	Physics, Engineering

	Grade Level: 

	1st – 12th grades

	Overview: 

	Students will work independently to create a paper rocket out by selecting a body material (note cards, paper, cardboard paper, or newspaper) and creating a nosecone and fins.  Then the rockets will be tested twice each, once vertically to determine the initial velocity, and once at an angle set by the student in attempt to maximize distance and height.  

	Approximate Duration: 


	 120 minutes

	MA Framework: 

	MA Framework (Science, Technology and Engineering):*
Physics (High School): 1.2 Displacement/Distance/Speed/Acceleration.  1.3 Graphing 1D Motion.  1.4 Newton’s 3 Laws.  1.5 Free-Body Diagram.  2.2 Gravitational Potential Energy to Kinetic.  

Technology/Engineering (Grades 6-8):  6.4 Forces in Transportation
*Additional standards can be addressed depending on how the activity is run and any follow-up activities that are used.

	Interdisciplinary Connections: 

	Mathematics, Physics (Gravity, Trajectories) 

	Objectives: 

	Basic introduction to Trajectory physics and the Laws of Gravity 

Students will be able to describe the main components of a rocket.   
Students will be able to follow directions to create their own paper rocket model.   

Students will conduct tests and analyze data in order to determine the components of the most effective rockets.
Areas emphasized: Engineering design process, construction, testing, and data analysis.  Physics and Math

	Lesson Materials and Resources: 

	High Powered Paper Rockets  - Instructions Handout (8 pages)
Data Entry Excel Document – Compiles students’ results, formulates graphical representations of data for analysis purposes
NASA Educator Guide - Rockets


	Technology Tools and Materials: 

	High Powered Paper Rocket Launcher apparatus, Various types of  paper (notecards, paper, construction paper, newspaper), scissors, tape, bicycle pump, stop watches

	Background Information: 

	http://www.nasa.gov/pdf/295786main_Rockets_Adv_High_Power_Paper.pdf

	Lesson Procedures: 

	This activity works well with the following timing (for the max class size of 20 students):

15 mins – introduce the project, show example and overview of construction process, testing procedure (2 launches), data 

                   recording and calculations
30 mins – students construct their own rockets (body, nosecone, then fins)
40 mins – testing of rockets (launch 1 for each, then launch 2 round)
15 mins – data recording and entering  into Excel sheet

15 mins – review of results (graphical analysis of best angle, material, number of fins, etc.)

	Assessment Procedures: 

	The students will assess their performance in the testing and data analysis part of the project.  By timing the duration of the flight in launches 1 and 2, and measuring the distance traveled in launch 2, students can compare their rocket’s performance to others’.   Graphical analysis will provide students with the chance to view the parameters of the project, and how each aspect of the rockets (number of fins, body type, and angle of launch) affects the distance and heights reached.   

	Accommodations/Modifications: 

	* Works best if each students work independently, though pairs can be formed if there are too many students (greater than about 20).  
* Activity can be “scaled up” to a higher challenge level by introducing alternate ways of measuring the height of the rocket and comparing the actual distances versus the calculated (expected) values.  Activity can also be “scaled down” by decreasing or eliminating the mathematical and physics components (the trajectory calculations), leaving the students to just create a rocket that they think will work the best and comparing results based solely on time and/or distance traveled.  
* The construction moves much faster if each student has a section of ½” PVC to construct their rockets around.  This pipe section is needed for creating the body, and also helps in the connection of the nosecone and fins, making it helpful for each student or group to have their own length of pipe.  

	Reproducible Materials: 

	High Powered Paper Rocket Instructions, Data Sheet and Excel Tables for Data Analysis, Paper Rocket Launcher Apparatus

	Explorations and Extensions: 

	Advanced High-Power Rockets (with parachute systems), Rocket Wind Tunnel (for determining air resistance, optimal shape), and Launch Altitude Tracker (for more precise height measurements).  Students could also measure the horizontal distance traveled with a tape measure, and compare the actual value to the calculated or expected value.  

	Contact Information: 

	The Center for STEM Education at Northeastern, Northeastern University, 360 Huntington Ave., 520 International Village
Phone: 617-373-8380, email: stem@neu.edu 
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