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

	
Teachers will need to ensure that the proper supplies are available for students to build their solutions.  

Information:
Before starting this exercise, students should have an understanding of material covered in:

· Document: The Physics of “Punkin’ Chunkin’”
· Presentation: History of Trebuchets
· Presentation: The Metric System and Measurements
· Presentation: Tight Triangles and Trigonometry
· Presentation: Energy
· Video: Newton’s First Law
Presentation: Projectile Motion

Materials:
· 1.5" diameter PVC pipe, 10' length (18)
· 1.5" diameter PVC pipe, DWV 45-Degree Hub x Hub x Hub Wye (72)
· 1.5" diameter PVC Schdule 40 S x S x S Tee (12) 
· 1.5" diameter PVC DWV 45-Degree Hub x Hub Elbow (36)
· .5" x 24" Black Steel Schedule 40 Cut Pipe (6)
· 1.5" PVC Schedule 40 Socket Cap (6)
· .25" x 1' Braided Nylon and Polyester Rope, white, 30' length (180)
· 5-Gallon Orange Bucket (6)
· 5-Gallon Bucket Leak-proof Lid (6)
· .125" x 36" Plain Steel Cold Rolled Round Rod (6)
· Canvas work apron (6)
· .25" x 3.75" Zinc-Plated Lag Thread Screw Eye (18)
· .24"-20 Zinc-Plated Hex Nuts, 25 pieces (6)
· 12" x 24" Weldable Galvanized Sheet in 22 Gauge (6)
· 12-Gallon Flip-Top Tote (6)
· 12" Miter Box with Saw (6)
Tools:
· PVC cutter
· Sharpie®
· PVC cleaner (purple solution)
· PVC cement
· Scissors
· Power drill
· Drill press (optional)
· Drill bit set
· Needle and thread set
· Sewing machine (optional)
· Bench clamp
	
Rotating Machinery: Students will be using power tools. Extra caution and training should be observed when using these tools.

Sharp: PVC Cutters and sewing needles are very sharp. Extra cautions should be observed when using these tools.
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	SAFETY:  Summary of safety strategies in the lesson.

	
Please use this space to describe safety procedures or highlights for this lesson.  
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	DESIRED RESULTS:  

	ESTABLISHED GOALS:
	
	TRANSFER:

	
Problem Solving Techniques and Applications Standards:

Teachers should use the STEM Academy Standards Correlation System available in the STEM Connections area of a unit to extract specific standards and insert these standards here.




















	
	
	Students will be able to independently use their learning to…
· Construct a trebuchet and use mathematical properties to calculate various properties of the trebuchet system


	
	
	MEANING:

	
	
	UNDERSTANDINGS
Students will understand that...

· Physical properties such as efficiency, delta, and energy can be calculated using measurements from the trebuchet system

	ESSENTIAL QUESTIONS
Students will keep considering...

· How their trebuchet could become more efficient
· How they could increase launch distance
· 

	
	
	ACQUISITION OF KNOWLEDGE AND SKILL:

	
	
	Students will know...

· How to construct a trebuchet
· The principles of physics and math under which trebuchets operate


	Students will be skilled at...

· Constructing a trebuchet utilizing power tools
· Calculating various different physics principles of a system
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	EVIDENCE:  

	EVALUATIVE CRITERIA:
	
	ASSESSMENT EVIDENCE:

	





· Measurements activity (3 difficulty levels)


· Right Triangles and Trigonometry activity (3 difficulty levels)






· Energy activity (3 difficulty levels)


· Projectile Motion activity (3 difficulty levels)


· Trebuchet assembled





· Trebuchet data collected











· Target hit

· Target hit
	Performance Task(s): 

Activity 1: Research-What We all Need to Know
In this activity, students will be introduced to the idea of the trebuchet and the principles on which it operates.

Activity 2: Measurement Exercise
In this activity, students will learn how to calculate surface area and volume for various bodies.

Activity 3: Right Triangles and Trigonometry Exercise
In this activity, students will learn how to utilize right triangle and trigonometry concepts to complete calculations.

Activity 4: Calculations for a Counterweight Bucket Component
In this activity, students will learn how to calculate the surface area of a counterweight bucket component and use geometry and trigonometry to complete counterweight bucket calculations.

Activity 5: Energy Exercise
In this activity, students will learn how to apply Newton’s laws.

Activity 6: Projectile Motion Exercise
In this activity, students will learn to calculate projectile motion, initial velocity, final velocity, range, time, and acceleration.

Activity 7: Trebuchet Assembly
In this activity, students will be walked-through the process of assembling the trebuchet itself.

Activity 8: Calculating Initial Velocity
In this activity, students will calculate the initial velocity that will be produced by their trebuchet.

Activity 9: Trebuchet Data
In this activity, students will measure various aspects of their trebuchet to be later used in calculations.

Activity 10: Launch and Collect!
In this activity, students will launch their trebuchet and collect the appropriate data from their launch.

Activity 11: Changing Factors Changes Results
In this activity, students will change factors in their trebuchet systems and note the impact of said changes.

Activity 12: Trebuchet Challenge—Part 1
In this activity, students get three launches to get as close to a specified target as possible.

Activity 13: Trebuchet Challenge—Part 2
In this activity, students get two launches to hit a specified target using angular calculations.

Activity 14: Trebuchet Games
In this activity, students are given a list of different games they may play with other groups using their trebuchets.


	

· Correct answers
· Correct answers

	Other Evidence:  

· Trebuchet pre-test
· Trebuchet post test
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	LEARNING PLAN:  Summary of Key Learning Events and Instruction

	
1) Set Introduction
Trebuchets have been used to launch various objects throughout history. Today they are most commonly used in classrooms to display various properties of engineering, mathematic, and physics. In this lesson, students will construct their own trebuchet and use it to display these principles in a physical form.

2) Present Trebuchets
Some students may not know what trebuchets are or what they were used for. Take time to present the included presentation of the history of trebuchets to students.

3) Activities 2 – 6
These activities are used to teach students the various mathematical properties that can be used in the trebuchet. Before students complete the activity for the specified math property, present the presentation on that math principle first.

4) Assembling Trebuchet
The assembly of the trebuchet will most likely take more than one class day to complete. If allowing your students to use power tools and/or a sewing machine, ensure the students are familiar with their operation and are comfortable operating the tools. Allow students to construct their trebuchets in groups by following the online walkthrough. If obvious mistakes are being made by, help correct the mistakes. If a group is off-task, redirect their attention.

5) Calculating Trebuchet Data
Students will be tasked with calculating the initial velocity of their trebuchet object and noting trebuchet data to be used in future calculations. 

6) Launching Trebuchets
Trebuchets should only be launched in a large open area, such as outside or in a gymnasium with very high ceilings. Ensure students are wearing eye protecting when operating their trebuchets and observing proper measurement practices.

7) Set Target
A target must be set up for students to aim at. Choose something like a large trashcan or large circle of construction paper. Students only get a specific number of attempts to hit their target so ensure these rules are being followed

8) Games
If time permits, allow students to choose games from the list of trebuchet games provided on the online portal. Ensure everyone is using eye protection when these games are being played.

9) Quiz
Administer the trebuchet post-test after appropriate study time has passed. 

Progress Monitoring:
· The instructor will need to monitor the classroom, checking students’ work and ensuring students are on task and following directions 
· Ensure students store their projects at the end of class and no materials leave the room
· At the end of the activity, post student projects in the room and provide appropriate feedback
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	DIFFERENTIATION:  Summary of Key Differentiation Techniques

	
Please use this space to insert your differentiation techniques.  Depending on the needs of students, various techniques might be needed in a classroom, therefore use the information below and experts in the area needed to design your plan for differentiation.



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

	
Please use this space to insert careers that might be connected to this lesson. This section will need continuous updating as new careers and emerging technologies change the opportunities available in the workforce.

Good sources for career connections:

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

The National Career Clusters® Framework
http://www.careertech.org/career-clusters
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	KEYWORDS:  Please Insert Keywords from this Lesson with their Definitions

	
Please use this space to insert keywords and their definitions
Use resources like dictionary.com to find definitions to your keywords
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