Paper Clip Catapult Challenge

Overview

Participants make simple spring catapults out of a piece of cardboard, tape, and a paperclip that shoots projectiles made of small folded pieces of paper.  Participants form teams of two.  The challenge is to modify the catapult so that it fires projectiles as far as possible.  The purpose of the activity is to engage students in planning and carrying out controlled experiments.

Background

Catapults are featured in dozens of movies as the weapons of choice when storming stone castles. The devices were developed more than two thousand years ago, most likely by Greek engineers working in Egypt. 
  Various forms of catapults were developed over the centuries, and each new type of catapult was improved by systematically changing the size and shape of various components until they could hurl a heavy projectile as far as possible—a method that today we call “controlled experiments.”
	Materials

1
jumbo paperclip per participant
1
block of small paper notes, or other uniform small pieces of paper.
1      measuring tape or meter stick for every 2 teams

1
roll of transparent tape for every 5-6 teams
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Preparation

1. Assemble materials so they are ready to hand them out to the participants.

2. Prepare to demonstrate the principle of the catapult.  Do this by bending a paperclip as shown in the picture above, but do not tape it to cardboard.  Make a projectile by folding a small piece of paper as many times as possible.  Hold the paperclip on a table or desk with one finger while placing the projectile on the paperclip.  Let go so the projectile is thrown into the air.  Your students will be able to use the cardboard and tape to improve the catapult during the class.

Action

1. Ask your participants what they know about catapults.  Some participants may have a lot of information about these devices, or a similar kind of weapon, which works by gravity, called a trebuchet.  

2. Introduce the “paperclip catapult.”  Show the participants how the paperclip can be bent to make a spring, and how a small piece of paper can be folded several times to make a projectile.  Demonstrate the principle, but do not try to make the projectile go very far.  Your participants will enjoy figuring out just how far they can throw a projectile during the activity.

3. What are the variables?  Ask the participants what might be changed to make the catapult work better, so that it throws the projectile further.  The participants may name a number of ideas—such as using a heavier or lighter projectile, using a bigger or smaller paperclip, bending it a different amount, or holding it a different way.  Ask the participants the generic name of these different ways of changing the catapult, or the way it is used (variables).

4. Assign the challenge.  Tell the participants that they will be working in pairs to figure out how to make a catapult that will throw the projectile as far as possible.  Show them all possible materials that are available for their use. Tell them that there will be a contest to see which team’s catapult can throw the projectile furthest.
5. Recording data.  Tell the participants to keep a record of each variable they try, even if it turns out not to be helpful.  Sketches can also be used to show what was tested.  The written record should enable another team of engineers to figure out what they did, and find the same result.
6. Circulate around the room, helping as needed. Most teams will quickly figure out that taping the paperclip to a surface makes a big difference.  By using the cardboard they can also change the launch angle, which turns out to be an important variable.  
7. Hold a contest.  Have each team demonstrate their catapult, one team at a time.  Ask the teams to explain what did and did not work in terms of the variables tested.

8. Reflect.  Have participants complete the reflect sheet and then discuss with the larger group.
Discussion

Which of the following Content Standards and Performance Expectations do you think elementary school students would be able to demonstrate when doing this activity? What student evidence would you look for to support your thinking?  How might you apply this set of standards to the materials you use in your classroom?
	
	Content Standards
	Performance Expectations

	
	Students know that:
	Students are expected to:

	4-5 PS3A
	Energy has many forms, such as heat, light, sound, motion, and electricity.
	1. Identify different forms of energy (e.g., heat, light, sound, motion, electricity) in a given system.

	4-5 PS3B
	Energy can be transferred from one place to another.
	1. Draw and label diagrams showing several ways that energy can be transferred from one place to another (e.g., sound energy passing through air, electrical energy through a wire, heat energy conducted through a frying pan, light energy through space).

	4-5 SYSB
	A system can do things that none of its subsystems can do by themselves. 
	1. Specify how a system can do things that none of its subsystems can do by themselves (e.g., a forest ecosystem can sustain itself, while the trees, soil, plant, and animal populations cannot).

	4-5 INQC

Investigate
	An experiment involves a comparison. For an experiment to be valid and fair, all of the things that can possibly change the outcome of the experiment should be kept the same, if possible. 
	1. Conduct or critique an experiment, noting when the experiment might not be fair because some of the things that might change the outcome are not kept the same.

	4-5 INQD

Investigate
	Investigations involve systematic collection and recording of relevant observations and data. 
	1. Gather, record, and organize data using appropriate units, tables, graphs, or maps. 

	4-5 INQE

Investigate
	Repeated trials are necessary for reliability.
	1. Explain that additional trials are needed to ensure that the results are repeatable.

	4-5 APPD
	Scientists and engineers often work in teams with other individuals to generate different ideas for solving a problem.
	1. Work with other students to generate possible solutions to a problem and agree on the most promising solution based on how well each different idea meets the criteria for a successful solution.*a

	4-5 APPE
	Possible solutions should be tested to see if they solve the problem. Building a model or prototype is one way to test a possible solution.
	1. Use suitable tools, techniques, and materials to make a drawing or build a model or prototype of the proposed design. 

2. Test the solution to see how well that solution solves the problem. Modify the design, if necessary.*a


�  Based on a concept developed by Tara Richerson, OSPI.





�  Soedel, Werner and Foley, Vernard (1979). Ancient catapults. Scientific American, March 1979, pp. 150 – 160.  Online at http://www.mlahanas.de/Greeks/war/Catapults.htm








