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Simulation of Brownian Motion
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Lesson Title: Applied Physics Integration
Draft Date: 7/9/2014
1st Author (Writer): Steve Hamersky

2nd Author (Editor): Brian Sandall 

Instructional Component Used: 

Application Programming Interface (API)

Grade Level: 9-12 
Content (what is taught): 

· Application Programming Interfaces (APIs)
· Physics simulation software (Algodoo, Physion)
· Mechanics concepts from physics
Context (how it is taught):

· Students learn the API of a physics simulation software package such as Algodoo or Physion
· Students design and model an experiment involving a physics concept by determining the independent and dependent variables, collecting simulated data, and drawing conclusions
· Students keep a project notebook where they record their learning, design ideas, modeling methods, experimental data, analysis methods, conclusions, and project evaluation

Activity Description:

Application programming interfaces (APIs) are very important in a world where computer technology is being applied in most disciplines. The process of learning a new software tool or library should be practiced, reviewed, and evaluated. This activity was designed to be completed in a physics or computer programming class. It is assumed that students have had some exposure to performing science experiments and identifying variables. Science curriculum designers have recommended that students become more active in planning experiments as well as collecting and analyzing the data. By using simulation software, students can take a more active role in experimental design without the need for a vast assortment of equipment and supplies. 
Standards: 

Math 
Science
Computer Science
MD1, MD2, ME1
SB1, SE2, SG1, SG2
CCP:L3:MW, CCP:L3:CP


CT:L2, CT:L3:MW, CT:L3:CP

Technology
Engineering

TA3, TB4, TD2
EA1, EB1, ED5

Materials List: 

· Computers with the software installed
· Algodoo http://www.algodoo.com

· Physion http://physion.net

Asking Questions (Applied Physics Integration)

Summary: Students ask questions about application programming interfaces (APIs).
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Simulation of a Car Crash

Source: Wiki Commons


 Outline: 

· Students ask questions about the uses of physics simulation engines.
· Students ask questions about the importance of application programming interfaces (APIs).
· Students record questions and answers in work journal notebook.
Activity: 

The teacher leads a discussion about physics simulation software and application programming interfaces (API). Students share and ask questions about their experiences with physics simulation software.  Simulation videos like those listed under resources below can be used to provide initial ideas for students to consider.  Students are encouraged to keep a project work journal notebook and to record questions, answers, explorations, research, experimentation, results, conclusions, and evaluations.
	Questions
	Answers

	What is a physics simulation engine?
	A Physics simulation engine is a software library that can be used to simulate real-world motion and interaction in games and programs.

	Where are physics simulation engines used?
	Physics simulation engines are mostly used in games, but are being used more in engineering, process design, and program interface design.

	How are computer simulations created?
	An information worker would need to learn how the simulation software worked, practice using it, then plan and carry out the design and implementation of the simulation.

	What is an application programming interface?
	Look up API definition on Internet and discuss.

	Why would a scientist, engineer, or inventor keep a project notebook?
	Project notebooks are used as legal documents that verify proper design methods and ownership of ideas. They also serve as a reference to past work as needed for the continuation of future work.


Resources:

· Gas law simulation - https://www.youtube.com/watch?v=Mytvt0wlZK8

· Over 32000 planks - https://www.youtube.com/watch?v=143k1fqPukk
· VW Golf crash simulation - https://www.youtube.com/watch?v=ffV3jjsw52g

· Infinite element car crash simulation
https://www.youtube.com/watch?v=NrvuFiDqn5A
Attachment:

· Notebook - description and checklist
T094_RET_Applied_Physics_Integration_A_Notebook.doc
Exploring Concepts (Applied Physics Integration)
Summary: Students simulate common physics concepts and record work in project notebook
Outline: 

· Download and install the Algodoo software
· Follow the Algodoo tutorials and watch Algodoo videos

· Create Algodoo simulations of common physics concepts

· Add or apply simple scripting to Algodoo simulations
· Record learning, design, methods, in project notebook
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Algodoo Float and Sink Activity
Create liquid and float objects


Activity: 
Students use the Algodoo simulation software to illustrate basic concepts of physics and apply simple scripting methods. Students will learn the basic operation of the Algodoo tools and will create simulations of selected physics topics which could include:
· Constant motion, velocity, and acceleration

· Force, friction, and inclined planes

· Projectile motion and vector component independence

· Circular motion, centripetal force, gravity, and orbits

Students will record their work in a project notebook that will be evaluated at the end of the project. The notebook will serve as a journal, work log, reference, and will provide for the evaluation of the project.  Notebook topics could include:

· Learning and methods
· Simulation design and methods

· Experiment data and analysis
Resources (Physics Engines):

· Algodoo physics engine is more interactive, but the API is not well documented
http://www.algodoo.com
· Physion includes an interactive interface and a documented API that uses JavaScript
http://physion.net
· PhysicsJS uses JavaScript code only and has an interactive website
http://wellcaffeinated.net/PhysicsJS/
Attachments:
· Algodoo - Download, install, learn, explore, and scripting
T094_RET_Applied_Physics_Integration_E_Algodoo.doc
Instructing Concepts (Applied Physics Integration)

Application Programming Interface (API)

Typically, an application programming interface (API) is a library that includes data structures and methods that can be used by programmers and used to build applications. Once the API code is written, it can be reused by programmers for different projects. The API is carefully designed to provide the access a program library or other system. APIs must also guard against improper usage to protect the application providing the API. Popular APIs create more usage of the application, which makes the application more popular as well. The most popular social media web sites include an API that can be used to access the web site data. This allows other people to create applications on other platforms like mobile devices that use the web site data. 

API Components:

· Class - used as a template to create an object

· Constructor - used to initialize an object

· Method - performs a particular task

· Parameter - values that serve as inputs to a method

· Interface- defines the methods used for system communication

API design criteria:

· Easy to learn - complete documentation with simple documented examples

· Easy to use - consistent and logical methods and parameters

· Hard to misuse - descriptive error messages

· Appropriate to the audience
Learning API's

When you want to use an API you must learn the interfaces, functions, and methods. This can be a difficult task depending on the size of the API. Smaller APIs will be easier to learn but they provide less functionality than larger APIs. Different methods are used to learn APIs but the learning mainly involves studying the documentation, short code samples called snippets, longer code samples called tutorials, or complete applications. All APIs should provide documentation about their components. The documentation describes all the components, their purpose, and gives examples of how they are used. Writing clear documentation is an important skill and having very good documentation for an API is extremely important. An API will not be used without good documentation.

Some Common APIs

Most online data systems provide an API such as Twitter, Facebook, and Google. Operating systems also provide services that are accessed through an API such as Microsoft Windows, Apple iOS, and Linux. Programming languages such as Java also provide many internal and external class libraries that are accessed through an API. Examples of API libraries include:

· Java: Color, Math, Graphics, or ArrayList

· Python: Random, Sets, or Array

Attachment:

· Python v3.2.3 Documentation - Built-in Types - Set Types
Applied_Physics_Integration_I_Python_Sets.doc
Organizing Learning (Applied Physics Integration)
Summary: Students model common physics lab experiments and record work in notebook
Outline: 

· Select a physics experiment to model, determine independent and dependent variables

· Create the experiment in Algodoo, add scripting to display dependent variable value

· Carry out the experiment, collect the data, analyze the data, draw conclusions
· Record learning, design, methods, data, and analysis in project notebook

Activity: 

Students use the Algodoo simulation software to model an experiment in physics. They will create an experimental design and determine the independent and dependent variables.  Students will use the Algodoo tools to create a simulation of the experiment. Physics topics to be used for experimental design could include:

· Constant motion, velocity, acceleration, force, friction, and inclined planes

· Projectile motion, circular motion, centripetal force, gravity, and orbits

Students will record their work in a project notebook that will be evaluated at the end of the project. The notebook will serve as a journal, work log, reference, and will provide for the evaluation of the project.  Notebook topics could include:

· Simulation design and methods, experiment data and analysis
· Experiment conclusion and simulation design evaluation
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Algodoo Friction vs Distance Experimental Setup

Set initial values and use the update script to display final values


Resources:

· Algodoo physics engine is more interactive, but the API is not well documented
http://www.algodoo.com

· Physion includes an interactive interface and a documented API that uses JavaScript
http://physion.net

· PhysicsJS uses JavaScript code only and has an interactive website
http://wellcaffeinated.net/PhysicsJS/
Attachments:
Algodoo - Coefficient of Friction versus Distance Activity (Sample Experiment)
T094_RET_Applied_Physics_Integration_O_Friction.doc
Understanding Learning (Applied Physics Integration)
Summary: Students will be evaluated through a project notebook and student self-evaluation
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Scientists, Engineers, and Inventors with Detailed Notebooks

Source: Wiki Commons


Outline: 

· Formative assessment of application programming interfaces.
· Summative assessment of application programming interfaces.
Activity: 

Students will be observed by the teacher and will maintain a project notebook. Students will complete a self-evaluation of the notebook and project.
Formative Assessment

As students are engaged in the lesson ask these or similar questions: 

1) How effective and efficient are students in learning and using the API? 
2) What resources are students using to learn the API?

3) In what ways are students documenting their work?
4) How complete and useful is the student documentation?
5) How are students using the notebook as a reference?
Summative Assessment

As students are evaluating their project and notebook ask them these or similar questions:

1) How did you learn the API? 
2) How did you document your learning?

3) Did you use the API documentation, examples, or tutorials? Which is most helpful?

4) Do you prefer using printed materials or videos? When is each appropriate?

5) What was challenging about learning the API?
Attachment:

· Notebook - description and checklist
T094_RET_Applied_Physics_Integration_U_Notebook.doc
© 2014 Board of Regents University of Nebraska

