Group Names: ______________ _____________ _______________

 

M&M Catapults: Parabolic Flight
 

Materials: Stopwatch, Measuring tape, masking tape, pen/pencil

 

Overview:
You will use catapults (created at home) to launch M&Ms at a target. In class, you will use a stopwatch and time how long the projectile is in the air. That time will then be used to find an equation to model the flight of the M&M. Then the catapult will be moved on top of a desk, and you will use your equation to estimate how far the projectile will travel. You will use this estimate to determine where a target will be placed. Points will be scored based on where your M&Ms land on a target that you place on the floor. You will only have four attempts once the catapult is placed on the desk. Your group will complete this packet and a lab report.

Timelime (tentative): 
	Receive Lab and start building
	Dec 4

	Bring in catapult to practice
	Dec 16

	Day 1 Start Lab
	Dec 19

	Day 2 Target shooting
	Dec 20

	Lab write up due
	Mon Jan 6


Grading:

· [image: image1.jpg]


Worksheet = 20 points

· Lab write up = 70 points

· Target testing = 10 points 



Process:
1) In groups of 2 or 3, students will design and build a catapult. You are to research and design a small catapult that will consistently launch an M&M. 
Some websites to review are:

http://sweeneymath.blogspot.com/2009/08/m-catapult-project-pt-1-catapult-plans.html

http://www.stormthecastle.com/catapult/free-catapult-plan.htm

http://www.stormthecastle.com/catapult/how-to-build-a-catapult.htm

http://www.google.com/images?q=easy+catapult+designs&oe=utf-8&rls=org.mozilla:en-US:official&client=firefox-a&um=1&ie=UTF-8&source=univ&ei=7afJTNi8K8O78gbxqJGYAQ&sa=X&oi=image_result_group&ct=title&resnum=4&ved=0CD4QsAQwAw&biw=1280&bih=540

http://www.instructables.com/id/5-minute-M--M-catapult-game/
http://8ismyluckynumber.blogspot.com/2013/03/catapults-and-m-in-name-of-quadratics.html?showComment=1383619122573#c8460004333681105384
2) Bring the catapult into class on the assigned day. You will have 15 minutes to look at other students’ ideas and test yours and theirs. Then, you will take yours home to practice and make any new adjustment you deem necessary. 
 

3) The two days before Christmas Break we will start the lab. On day 1 of the lab, you will be aiming to finish questions #1-10. We will be measuring with meters. If you do not complete it in class, it will be completed for homework. These questions are using practice launches to create a quadratic equation for your catapult. 
4) On Day 2 of the lab, we will have our target testing. Using the equation calculated from Day 1, you should know where to place a target (a bowl) on the floor. One group at a time will tell the teacher where to place the target and that group will get four tries to launch their M&M (only 3 out of 4 will be recorded). The distances will be recorded and measured and grades will be based on the class average distance. 
5) After completion of Lab Days 1 and 2, the students will write up a lab report. This will be described below. The catapult, the student recording worksheet and the lab write up (typed report) will all be collected and graded for a test grade (see checklist/rubric below).

Directions for Lab Day 1:

1) Place the catapult on the ground. Be careful that it does not change position during tests. Fire a few practice rounds, making sure to pull the catapult back the same distance each time. It is very important to make sure that your shots are as consistent as possible!
 

2) Designate one student as a "launcher", one student as a "spotter”, and one student as the “timer”.

· Try a few practice runs to make sure that you can hit close to the same spot with each shot.
· The launcher will be in charge of firing M&Ms from the group's catapult for the official tries. THE LAUNCHER MUST MAKE SURE TO LAUNCH THE M&Ms THE EXACT SAME WAY EVERY TIME.
· The spotter will put a piece of tape on the exact mark where each M&M lands and measure the distance (in meters).
· The recorder will record the distance (in meters) and the time.

3) Once you get a fairly consistent launch time and launch distance, record 3 official times and their corresponding 3 official distances. Record these values in the table below. Average your three times and distances for the final boxes.

	Distance 1:

	
	
	Time 1:
	

	Distance 2: 

	
	
	Time 2:
	

	Distance 3:
 
	
	
	Time 3:
	

	Average 
Horizontal
Distance:
	
	
	Average 
Time
in the Air:
	


4) To find the maximum height of your M&M, use the formula: 
h = (1/2)gt2,
where h is the vertical distance traveled (meters), g is the acceleration due to gravity (9.81 meters/sec sq.) and t is the time in seconds of free fall. 

	Average time 
in free fall (t):  
	
	

	Maximum height 
of M&M (h):
	
	


 
5) Find the vertex of the parabola using x as the horizontal distance traveled and y as the vertical distance traveled.
6) Using the vertex you calculated and a start point of (0,0) , calculate you’re a-value.
7) Write the final equation for the flight of your M&M:

 

	Equation: 

	
	


8) Measure from the floor to the top of a desk. (Be as exact as you can)
 

	Desk height
(meters)
	
	


9) Using your understanding of translations, incorporate your new starting height into your equation. 
 

	Translated 
Equation:
	
	


10) Using your equation, estimate where the M&M will land.

	Distance the 
M&M will travel
(meters)
	
	


 

Directions for Lab Day 2:

1) One group at a time will place their target where they expect their M&M to land. You will be given four attempts. There are NO PRACTICE RUNS from the desk.

Record ALL your distances then cross off the worst result. One person will be the launcher. The spotter will watch where it lands and put a piece of masking tape. The measurer will use a measuring tape and will measure the distance from the edge of the bowl to the tape in meters.

	Distance from Target
	

	Shot 1:

	

	Shot 2: 

	

	Shot 3: 

	

	Shot 4: 


	

	Average of top 3:

	


2) Record your top 3 scores and average on the teacher’s recording sheet.

Extension Questions:

Using your group’s catapult equation, answer the following extension questions within your lab write up. (Measure in meters)

1) If you place your catapult on the rim of the basketball hoop in the gym what is your new equation? 
2) What is the horizontal distance travelled by the M&M?

2) What is the maximum height the M&M reaches?

Reflection piece of lab write up:

1) What would you do differently next time?

2) How did this help you with the understanding the unit?

3) How would you grade your group on this project? How would you grade yourself on this project?
4) Any recommendations for next year?

Final notes:
Your grade will be based on the accuracy of your final shots. This means you must be careful to shoot the catapult in the same exact way each time!

 

If you miss class during this project, you will have to make the project up outside of class time.

Grading Rubric/Checklist:

1.) Target Results






______ / 15 points

2.) Worksheet (1 per student)




______ / 20 points

3.) Lab report:
  a.) Materials used and description of catapult design,  
______ / 5 points include website you used for design

  b.) Description of how you got your equation


______ / 10 points

  c.) Graph of your equation with labels and explain

______ / 10 points your important points

  d.) Lab description 





______ / 15 points

· Describe how you decided where to place your target

· Describe your target results and how it relates to your 

 equation

  e.) Extension questions (3)




______/ 15 points

 f.) Reflection:






______/ 10 points

· What would you do differently next time?

· How did this help you with the understanding the unit?

· How would you grade your group on this project? 
How would you grade yourself on this project?
· Any recommendations for next year?









GRADE: ______ /100 pts

Teacher Recording Sheet for Target Practice

	Group 1
	Group 2
	Group 3

	Names:
	Names:
	Names:

	
	
	

	
	
	

	Shot 1:
	Shot 1:
	Shot 1:

	Shot 2:
	Shot 2:
	Shot 2:

	Shot 3:
	Shot 3:
	Shot 3:

	Average Shot:
	Average Shot:
	Average Shot:


	Group 4
	Group 5
	Group 6

	Names:
	Names:
	Names:

	
	
	

	
	
	

	Shot 1:
	Shot 1:
	Shot 1:

	Shot 2:
	Shot 2:
	Shot 2:

	Shot 3:
	Shot 3:
	Shot 3:

	Average Shot:
	Average Shot:
	Average Shot:


	Group 7
	Group 8
	Group 9

	Names:
	Names:
	Names:

	
	
	

	
	
	

	Shot 1:
	Shot 1:
	Shot 1:

	Shot 2:
	Shot 2:
	Shot 2:

	Shot 3:
	Shot 3:
	Shot 3:

	Average Shot:
	Average Shot:
	Average Shot:


http://www.healthstones.com/knights_and_dragons_store/schleich_world_of_knights/schleich_castle/schleich_catapult/schleich_catapult.html
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