CATAPULTS IN ACTION!
	

	Objectives: 

	 Give students an experience in engineering while teaching principles of physics. Introduce students to the scientific processes of experimentation and trial and error. 


	 Students will: 

	• Be introduced to the history of catapults and the theory of how they work. 

• Learn physics vocabulary terms. 

• Assemble a basic catapult from the kit provided for them. 

• Observe the changes in the catapult’s performance after adjustments. 

• Record their catapult’s performance. 

• Compete to test their team catapult’s accuracy at hitting targets at various distances. 




	 Vocabulary: 

	Potential Energy -________________________________________________________

______________________________________________________________________

Kinetic Energy-__________________________________________________________

_______________________________________________________________________

Trajectory-______________________________________________________________

_______________________________________________________________________

Range-_________________________________________________________________

_______________________________________________________________________

Energy-_________________________________________________________________
_______________________________________________________________________


Science Content: 
Over 2000 years ago, the Greeks and Romans did not know about gunpowder, yet were able to hurl projectiles over a large distance using kinetic energy storage devices. Through the years, some modifications were made to increase the accuracy and throwing distance of these machines. The first two types of throwing machines were the catapult and the ballista. The catapult started out as a large cross bow to shoot oversized arrows at an enemy. The ballista was about 10 times larger than a catapult and threw large stones. 

The ballista’s design consists of two pieces of wood, each fastened at one end to a torsion device rotating about a more or less horizontal axis. The free ends of the wooden pieces are connected together with a rope. The projectile to be thrown is held by the connecting rope used as a sling. 

When most people think of the catapult, they are actually thinking about an onager. The strange name is derived from a wild donkey kicking with its hind legs. The onager (or gone, mangonel, or nag) was typically a single spar held in a more or less vertical position by a torsion device rotating around a horizontal axis. The projectile was located in either a pocket at the top end of the spar or in an attached sling. 

The choice of the Middle Ages was a trebuchet. This device used gravity instead of torsion springs to provide propulsion energy. The theory is simple: put a large weight at the short end of a lever arm and put the projectile in some kind of basket at the other end of the lever. The velocity of the projectile can become quite large when the ratio of the lengths of the lever arms is great. Incidentally, the trebuchet was also used as a punishment device called the ducking stool. People were placed in a seat at the long end and successively ducked into a pool of water. 

The catapult is still in use today, although radically different from those used in history. The modern catapult is used to launch aircraft from the deck of an aircraft carrier. The aircraft carrier catapult uses steam as a source of energy to push a piston along a linear track in the aircraft carrier’s deck. The piston pushes the aircraft and accelerates the plane up to flying speed in a very short distance. The same kind of mechanism can be found at Knott’s Berry Farm, where it propels the Montezuma’s Revenge roller coaster ride. 

Catapult -
Assessment: The following rubric can be used to assess students during each part of the activity. The term “expectations” here refers to the content, process and attitudinal goals for this activity. Evidence for understanding may be in the form of oral as well as written communication, both with the teacher as well as observed communication with other students. Specifics are listed in the table below. 
1= exceeds expectations 

2= meets expectations consistently 

3= meets expectations occasionally 
4= not meeting expectations
	                                 Engage
	                            Explore 
	Explain

	1 
	Shows leadership in the discussion and offers creative ideas reflecting a good understanding of the physics behind the catapult. 
	Completes work accurately while providing an explanation for what is observed. Works very well with partner. 
	Provides an in-depth explanation of findings, making good use of vocabulary terms. Fills out worksheet clearly. 

	2 
	Participates in the brainstorm and shows an understanding of the physics related to the catapult. 
	Completes work accurately and works cooperatively with partner. 
	Provides clear explanation of findings. Fills out worksheet clearly. 

	3 
	Contributes to the brainstorm, but shows little understanding of catapult physics. 
	Works cooperatively with partner, but makes some mistakes with the procedure. 
	Provides a limited explanation of findings. Fills out some of the worksheet. 

	4 
	Does not participate in brainstorm. Shows no understanding of catapult physics. 
	Has trouble working with partner. Does little to complete the procedure. 
	Is not clear in explanation of findings. Does not fill out worksheet. 


Extension Activities: 
• Challenge students to adjust their catapult in order to throw the whiffle ball the longest distance possible. 
• Encourage students to think about what other projectiles they could use, how they would perform, and why they would perform this way. 

• Challenge questions are listed on the following three pages. 

QUESTIONS:  ANSWER THE BEST YOU CAN WITH WHAT YOU KNOW.  

1. Name the various forms of energy involved in the catapult. 
2. If one were to use a golf ball instead of a whiffle ball, would the ball go farther, everything else being equal? 
3. If you were to do the project on the moon, which of the three balls would you expect to go the shortest distance? 
4. Using the whiffle ball on earth, if you doubled the rubber bands, so the force would be twice as much, the whiffle ball would leave the cup at about twice the velocity. Would you expect it to go twice as far? 
5. If the ball left the cup going parallel with the ground, would the time in the air be longer with two rubber bands as compared to one? 
6. If you didn’t have air friction, at what angle with the earth’s surface would give the greatest distance? 
7. If you tried to fire the catapult exactly the same every time, would you expect the ball to fall in the same place each time, or in some specific pattern that would have specific mathematical meaning? 
8. If the ball leaves the catapult with a velocity V, what are the vertical and horizontal components? 
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	Event 1
	Event 2

	Inner
	7
	15

	Middle
	5
	10

	Outer
	3
	5
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Score Total
Distance F
t.

TEAM #1 #2 #3 #4 #5 Bestof 3




