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Purpose and Scope

This document will define high-level requirements for the GRC LTP Virtual Aeronautics Exploration Project.  The requirements will be used to guide a NASA pilot product for educational use primarily for teachers and students in middle school grades, but applicable to all participants who would like to learn about Aeronautics.  
Business Requirements and Drivers

Product shall be multi-platform and useable as a stand-alone product, online, or downloadable from the web.
This business driver will allow the majority of customers, teachers and students to use the product, acquiring it in many diverse forms and using it on multiple platforms.
Product will be useable on a variety of hardware for all customers, from executing on the desktop to scaling up to an immersive environment.
Schools and most homes traditionally do not have the latest in computational hardware, therefore this product will need to be useable on older computers while still taking advantage of the latest breakthroughs in current technology.
Product will be tied to standards and be inquiry-based.  It will have lesson plans and complete background information, with reference materials listed for additional research
This will be a complete product, allowing teachers the ability to teach the content while satisfying national standards and supplying additional resource materials if necessary.
Product will be easy to use by both teachers and students
Product will have an inherent infrastructure that will step teachers through learning the content and then teaching it.  Students will have the ability to try out designs of their own choosing or a series of standard default designs.  A priority on usability will also help attract and keep users engaged in the product.

Product will be marketed to all NASA Centers and offered to new initiatives such as the Explorer Schools.
Product will be an advertisement for the science content of NASA, and be widely disseminated.  Some of the science that will be utilized will include a module comparing characteristics of bottle rockets to the actual rockets that NASA launches. Another feature will be the ability to launch a bottle rocket on different terrains, with inherent features, such as launching on the moon with no wind variables, or launching on the planet Mars, which could have winds of 100 miles per hour. 
Functional Requirements

Product will have broad based appeal that offers basic capabilities.  Considering the business requirements and drivers stated above, there are three basic functions that will enable successful use of the NASA virtual aeronautics exploration product:
1) The ability to use the product in a school or home environment
2) The ability to scale up to an immersive environment, such as found in museums
3) The ability to share designs and knowledge gained from participating in this project in an interactive, gaming environment

The NASA pilot product will deploy these functions in phases.  

Technical Requirements

The technical requirements are dependent on how the product is received by the end-user:  a stand-alone product, useable online with associated website, or downloadable from the website.

Application will use 3D technology such as JAVA3D programming or comparable. Graphic will use 3D Studiomax or an equivalent open source application for creation of models and terrains. The application will make use of open source technologies as much as possible so as not to hamper the completion of the task, and to be amenable as a downloadable application for both school and home use.  Also, all models will be transformed to a format downloadable and viewable by both school and home desktops. 

Proposed Educational/Lesson Outline
Virtual Aeronautics Exploration
Targeted Age Group:

Middle Grades – High School

National Standards Addressed:

Science

Science as Inquiry

Motions and forces

Transfer of energy

Math

Mathematics as problem solving

Extend an understanding of the concepts of perimeter, area, volume, angle measure, capacity, and weight and mass

Technology

Use content-specific tools, software, and simulations to support learning and research.

Bottle Rockets Simulation:  based on an existing Bottle Rocket Simulation (www.grc.nasa.gov/WWW/K-12/bottlerocket/index.htm) for the mathematics and scientific principles embedded in the simulation and expanding to a more immersive application.  Ideally, within a menu of choices, the application would evaluate the students’ designs and provide graphical feedback highlighting positive and negative design characteristics, such as, (1) denote the calculated center of gravity and center of pressure and proposed improvements or (2) the application could analyze design and propose improvements, etc.  

In this application, we would like to incorporate some of the most taught equations, for example F=ma, into a visual.  As the object translates, the equation could be calculated right on the screen to give the learner a visual of the mathematics associated with movement.

Application will use 3D technology such as JAVA3D programming or comparable. Graphic will use 3D Studiomax or better for creation of models and terrains. The application will make use of open source technologies as much as possible as not to hamper the completion of the task. 
This application will make background information available for rocketry terms, history and aerodynamic principals accessible via self-contained html documents and sound narration files. The use of video where applicable will be used via hyperlinks from these self-contained html files.

See the topics below for these components.
History:

Timeline of Rocketry – From the first known rocket to present day rocketry this timeline can provide names and brief descriptions of this exciting field.

Aerodynamics:

Forces on a Rocket – The mathematical formulas of the forces on a rocket in flight.
Trajectory – Equations and associated information
Propulsion:

How do they fly? – Basics of how rockets fly. Describe the parts of a rocket.

Propulsion of the past, present, and the future.

Additional Reference Information:
Information available from the Science Olympiad, and other organizations/camps who work with bottle rockets. 
Introduction to Inquiry-Based Learning:  To be written by Joe Kolecki
Project:

Lesson

Design a Bottle rocket via computer to solve a particular problem

Testing your Bottle rocket on Computer

Logging results

Making actual bottle rocket

Perform same tests

Compare results

Questions that could be investigated with the Bottle Rocket Simulation:

1. How can I modify the design of the rocket to increase the duration of its flight?

2. How can I modify the design of the rocket to increase the distance it travels?

3. How can I modify the design of the rocket to increase its chances of hitting a target or making a field goal?

4. How can I modify the design of the rocket to have it land an egg safely?

5. Do I have to use water?  Is more water better?

6. What effect will the wind have on the way I launch the rocket?
