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	PREPARATION:  Summary of “to do’s” that the teacher should understand and prepare before bringing this lesson to the classroom.

	
Resources:
· Online Search Engine
· Microsoft Excel (not included)
· See Materials Sheet in Stem Academy for list of materials and prices
· Air Compressor / Pump (not provided)
· Angle measuring device (not provided)
· Plumb bob, protractor, or other angle trajectory mechanism
· Tape Measure (25ft and 100ft), Drill Press, Tap, Band Saw, Scale, Stopwatch (not provided)
· T-shirts (not provided)
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	SAFETY:  Summary of safety strategies in the lesson.

	
· Do NOT point t-shirt cannon at any other person. 
· ALWAYS check your surroundings before firing. 
· Do NOT pressurize air tank above 60psi. 
· Use extreme caution when building t-shirt cannon (sharp machinery and hazardous fumes will be present). 
· Follow all instructions when constructing t-shirt cannon. Improper construction may cause injury. You may, however, change the variables involving barrel and air tank dimensions. 
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	DESIRED RESULTS:  

	ESTABLISHED GOALS:
	
	TRANSFER:

	
Problem Solving Techniques and Applications Standards:



	
	Students will be able to independently use their learning to…

· Understand the relation between angle of launch and distance. 
· Understand and recognize use of fluid power in their everyday lives.
· Use the basic functions of Microsoft Excel


	
	
	MEANING:

	
	
	UNDERSTANDINGS
Students will understand that...

· The angle of launch, and initial psi in the air tank, affects the distance an object will travel.
· There are several resistance factors when calculating the distance an object will travel: such as air resistance, wind, aerodynamics, and friction.
· The radius of the barrel will affect the distance an object can travel, but the length will not. (The length affects the accuracy of the launch)
· The length and radius of the air tank does not affect the distance an object will travel. (The initial psi does)

	ESSENTIAL QUESTIONS
Students will keep considering...

· Which form of resistance plays the largest role in projectile motion, and is there a way to reduce this?
· What are the optimal dimensions for the barrel and air tank to launch an object the farthest and most accurate? 
· How do scientists calculate the optimal dimensions and angles used in everyday projectile motion: such as catapults, football and baseball throws, and slingshots? 


	
	
	ACQUISITION OF KNOWLEDGE AND SKILL:

	
	
	Students will know...

· The optimal angle of trajectory, for distance, is 45 degrees.
· The aerodynamics of an object plays a vital role in its distance and accuracy. (The way they fold their t-shirt impacts the flight pattern)
· The distance an object travels when shot from a cannon depends on the amount of initial energy given to the object, not the amount of potential energy stored. (A larger air tank does not mean the t-shirt will fly farther)
· To use the basic functions of Microsoft Excel.

	Students will be skilled at...

· Basic fabrication work involving PVC.
· Using Microsoft Excel, or other similar software programs.
· Calculating the optimal angle and pressure for an accurate shot.
· Using trials and calculations to predict the distance and location of an object in projectile motion.
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	EVIDENCE:  

	EVALUATIVE CRITERIA:
	
	ASSESSMENT EVIDENCE:

	

· Worksheet and notes assignments
· Completed on time
· Overall quality of design, observations, and spreadsheets
· Report submitted
· Participation 

	Performance Task(s): 

Design Process and Fabrication
In this activity, your group will evaluate the design plans for constructing your t-shirt cannon, and can change the dimensions of the barrel and air tank for optimal design. After you have chosen barrel and air tank dimensions, build your cannon.  

Testing and Recording 
In this activity, your group will test the t-shirt cannon. Observe how the difference in angel of launch, air tank pressure, and aerodynamics of the t-shirt have on accuracy and distance. Record your findings, and use Excel to find the average distance of each launch. 

Results
In this activity, you will evaluate the results of the project, reflect on possible errors that may have occurred, compare your Excel sheets to other groups, and find resistance variables that may have been overlooked.



	


	Other Evidence:  

· [bookmark: _GoBack]Peer Reviews
· Project Evaluation
· Technical/ Build Report 
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	LEARNING PLAN:  Summary of Key Learning Events and Instruction

	
Pre-Assessment:
· Have students complete “Fluid Pwer 3.0 Pre Test” 
· Watch “Fluid Power: A Force for Change”  Video

Outline:
Design Process and Fabrication
1. Have students review the “Construction” document. 
2. Explain to students that barrel length will not affect distance, but will affect accuracy.
3. Explain to students that air tank length will not affect distance. 
4. Allow students to construct their cannons.
Testing and Recording
1. Before testing, have students print out “Testing Data Sheet,” and record the weight of their t-shirt in grams. Be prepared to record the angle of launch in degrees, flight time in seconds, and distance in inches and meters. Have tape measure (100ft recommended) and stop watch.
2. Go outside or in a very large room for testing.
3. Tell students to load t-shirt into cannon the same way each time. (May differ for 2inch and 3 inch barrels)
4. Have one spot and one direction where students fire from. 
5. Have students’ fire cannon at 35, 45, 55 and 65 degree angles at 40, 50, and 60psi. 
a. Record data in chart.
6. Have students open “Excel Worksheet,” and follow the instructions provided. 
Results
1. Have students compare their test results to the equation’s estimates. Ask them how they compared. Was there a difference?
2. Have each group compare their results to another group. Tell them to note any major differences between the data. 
3. Ask the groups why these differences, if any, may have occurred. Focus on differences between test data and Excel estimates. 
a. Possible error. Measured angle or distance wrong? Design flaw in cannon? Pack t-shirt differently? Other?
b. Note that there are resistance factors that may not have been mentioned. Friction, aerodynamics, air resistance, wind, etc.
4. Ask students which angle worked the best. Which psi? Which combination of angle and psi gave the farthest distance? Why is this?
5. Ask students if there were any differences between the 2 inch and 3 inch barrels.
a. Which barrel shot farther? Why? (2 inch, because the pressure is displaced more in a 3 inch barrel than 2 inch barrel after fringing) 
6. Ask students to compare 2 different barrel lengths.
a. Which barrel shot farther? (Distance is the same. The loner barrel should be more accurate, however)
7. Have students turn in their Excel sheet and data sheets. 



Learning Experiences:

1. Throughout this project, continue to make the relationship between the air cannon and projectile motion.

2. Comparing test results to an equation’s estimates may be a new experience for the students. Put emphasis on how the test data may be flawed, and there are many factors that may not have been accounted for that alter the results. 

3. This project will teach the students about fluid power, and will give them a heightened understanding of the way fluid power is applied to real-life situations.

Progress Monitoring:

· Teacher observes students and provides on-going feedback during the activity. While introducing the unit, the teacher will pause and ask for questions to make sure everyone understands.
· Students will complete self-assessment and brainstorm how they could improve their skills in the future. At the end of the unit, there will be a project evaluation to measure their overall understanding.


	




	[image: ]
	DIFFERENTIATION:  Summary of Key Differentiation Techniques

	

The ASCD Study Guide for Integrating Differentiated Instruction and Understating by Design: Connecting Content and Kids.
by Carol Ann Tomlinson, Jay McTighe

Integrating Differentiated Instruction and Understating by Design: Connecting Content and Kids.
by Carol Ann Tomlinson, Jay McTighe
ISBN-13: 978-1416602842   
ISBN-10: 1416602844

Differentiating Reading Instruction
by Laura Robb.
ISBN13: 9780545022989

A Teacher's Guide to Differentiating Instruction
The Center for Comprehensive School Reform and Improvement
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	CAREER CONNECTIONS:  Summary of Career Opportunities Associated with this Lesson

	
Good sources for career connections:

Occupational Outlook Handbook
http://www.bls.gov/ooh

The National Career Clusters® Framework
http://www.careertech.org/career-clusters 

Wisconsin Career Pathways
https://www.wicareerpathways.org/
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	KEYWORDS:  Please Insert Keywords from this Lesson with their Definitions

	
Use resources like dictionary.com to find definitions to your keywords
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