PENNY CATAPULT CONSTRUCTION				SPH 4C

Energy can be transformed from one type to another: gravitational to kinetic, elastic to gravitational and so on. In this project you will be building a catapult that throws pennies.
Minimum Requirements: 
· Catapult must use levers (see chapter 2) and energy transformations (see chapter 3).
· Springs, magnets, elastics, syringes are all acceptable suppliers of energy for making your catapult work. You can wind it up, apply a force to get the catapult into position, but you can not use your muscles to throw the penny. Once the catapult is “armed” and ready you may only release the switch, catch etc. to make it go. No mouse or rat traps allowed.
· You must first supply me with a construction plan before making your device. This plan will be marked. Please note, it must be a solid lever not a bendy arm.
· You must build the device in class. One full period usually suffices!
· You must use the K’Nex supplied in the classroom for your basic structure. Any additional materials must be checked with me. The dollar store is a great supplier of Popsicle sticks, elastics, springs, straws, string, rulers etc. A hot glue guns and duct tape are available in the classroom as well.
· The device must be limited in size to 20 cm x 20 cm x 20 cm maximum. You are only throwing pennies after all! 

Deadline for construction plan: __________________
Deadline for completed catapult: ________________
MARKING SCHEME 
Construction plan		0	1	2	3	4	5 K
ONE PER PERSON!	0	1	2	3	4	5 T
(in pencil, use a ruler, scale diagram, TOP and SIDE view, label all parts, materials list, paragraph how it works)
Presentation of Catapult (knowledge of how it works, clarity, all members involved)
				0	1	2	3	4	5 C
Size limitation			
				0	1	2	3	4	5 K
More than one simple machine (must use a lever to launch)
				0	1	2	3	4	5 T
Stability and Design (includes ease of operation)
				0	1	2	3	4	5 K
Safety of device (and workability of latch)
				0	1	2	3	4	5 T
Distance penny travels	
				0	1	2	3	4	5 A
K: _____/15   T:_____/15  A:_____/5   C:_____/5	TOTAL:_____/40

K: _____/15   T:_____/15  A:_____/5   C:_____/5	TOTAL:_____/40

Name: ____________________________	Partner: _________________________
HAND IN ONE PER PERSON!
Name: ____________________			Date: ________________________
Partner: ___________________
Chapter Three and Four: Energy Transformations and Conservation
K: _____/20	T:_____/21	A:_____/10	C:_____/10	TOTAL: _____/61
Penny Catapult Calculations and Discussion of Energy Conservation Exercise	
Use your text to help you with this assignment. Show all your work! Use GRASP, sig digs, etc.
	Q# and mark
	Measure the following in METERS AND KILOGRAMS. Show units and uncertainties! Look at the diagram.
	Symbol
	Value with units
	+/- with units, and %

	#1(1C)
	The distance your penny travels in meters.

	dx

	
	

	#2(1C)
	The mass of your penny in kilograms.

	m1

	
	

	#3(1C)
	The mass of the entire load arm in kg
	m2


	
	

	#4(1C)
	The distance from the fulcrum to the effort force in m
	dE


	
	

	#5(1C)
	The distance from the fultrum to the load (penny) in m
	dL


	
	

	#6(1C)
	The height your penny was launched from (ie. the height above the floor from which the penny leaves the arm upon launching) in m
	hL

	
	

	#7(1C)
	The maximum height your penny reached from the floor in m
	hT


	
	

	#8 (1C)
	Use a force scale to measure the effort force needed to arm your catapult (note: take the largest value from the point where you are holding the arm in the armed position with the scale as the force may not be a constant) 
	FE

	
	

	#9 (1C)
	The effort distance you must pull the arm to load it if different from hL.
In m
	dW

	
	

	#10(1C)
	The launch angle as shown below. The instructor will help with this.

	Θ

	
	





                              v     
  							   hT
				θ						      
                hL
						dx					land
Your catapult is a projectile launcher. You will use some of the information you know about projectiles to solve the problems laid out as well as conservation of energy concepts.
11. (2T) Using your values for dx (#1) and θ (#10) above, calculate the theoretical launch velocity using the following formula. Remember what g = ???
    NOTE: the assumption when using this formula hL  = 0. Explain what problems this may cause for your answer.     Note: the whole expression is square rooted, ask the instructor if you are unsure.
v =   1/2
       










12(3T) Now calculate the horizontal velocity (vx) and vertical velocity (vy) using the following trigonometric functions. 

vx = v cos θ		v			vy = v sin θ
				 θ	vy
				 vx



 
													
											   list  Energy type(s)
13(1K) a) If you look at only the y-direction motion 		max. penny
of the projectile, complete the energy diagram at right.   	height (hT)
That is, write in what type(s) of energy your penny has at 
each of the three positions marked. Hint: elastic potential
energy Ee, gravitational potential Eg and kinetic energy Ek
are the only three you will use here
(2K) b) Use the vy value to calculate the initial 
kinetic energy of your penny (immediately after launch)
in the vertical (upwards) direction. 			            When penny 
leaves arm
										(hL)

                  								Loaded arm position






(2K) c) Calculate the gravitational potential energy of the penny at the launch height (hL).








(1K) d) Using (b) and (c), calculate the total mechanical energy (Ek + Eg) of your penny upon launch.




(1T) e) Your value from (d) is now the total gravitational potential energy of the penny at its maximum height? Explain why we can say that! Read your text section 3.6!!





(2T) f) Use that information from (d) to calculate the 'theoretical' maximum height (hT) of your penny at the top of it arc.










14 a) (2K) Compare the theoretical value you calculated for height in question #13f (accepted) to the measured value in #7 using percent error.










b) (1K) Did your theoretical height fall within the range of your measured height?  Look at the range of uncertainty (your +/- values) in your measurement to check this.	_________

c) (3T) Explain why the two numbers are not the same! This is your error discussion for this lab. Stick to experimental errors only. Your measurement skills are already incorporated in your +/- values. Give at least two well explained reasons.








15. (2T) Use the effort force, FE (#10), and dE (# 4)  to calculate the effort torque  (TE) exerted by your catapult on the penny.

















16. a) (2T) Calculate the load force (FL) using the mass of the penny. Hint: what force are you calculating here? _________________________










b) (2T) Now calculate the load torque (TL). Use dL (# 5) and FL(from #16a).













17. (6K) Calculate the IMA, AMA, and percent efficiency of your catapult. 



















18. (2A)Look at your percent efficiency from #17 and your percent error in #14a. If you are 100% efficient, you should have 0% error! Comment on what YOUR results mean. Can you think of something we neglected (say, when looking at the load arm?) in our calculations? Hint, look at all the things I made you measure.







19. a) (2K) Let’s try again. Calculate the work done to load the arm using FE (#10) and dW (#9). That is your energy input into your catapult.  











b) (2T) Then use your total mechanical energy of the penny from (#13d) as the energy output and calculate the percent efficiency using the formula from Ch 4.












c) (1A) Are the results any better than from #17 efficiency calculation? Explain why they are different (that is why one efficiency gives a better number than the other).
















FINAL DISCUSSION: (Use your textbook.)
1. a) (3A) Use sentences to describe the energy transformations involved in order of operation, from arming of the catapult to when the penny first strikes the ground. Relate each transformation you mention to the object that has the energy. There will be more than one transformation. Use section 3.1 in your text for help.
EXAMPLE: For a first-class lever catapult with a large mass being used on one side of the lever to act as the effort force, you would say…..   The gravitational potential energy of the large mass is converted into kinetic energy of the penny.




















2. (3K) a) State the type(s) of lever(s) and any other machine(s) that your catapult employs. There will be more than one! See the handout on Machine types and section 2.1 in your text. Relate each thing you mention to a part of your catapult. State the type of advantage that machine gives you.
EXAMPLE: My catapult uses a first-class lever and acts as a force redirection machine. 













(1A) b) Sketch the lever portion of your catapult and label effort, force and fulcrum. If there is more than one lever, draw them both! 










3. (1T) What level of conformity does your final project have with your original design? Circle one:
100%	90%	80%	70%	60%	50%	40%	30%	20%	10% 	0%

4. (2A) a) Explain why you changed your design change. Give reasons. If your design was the same as your plan that you handed in, instead state whether or not your design was the first idea you had and why you discarded any previous ideas OR state any other ideas you might have (other than the ones we have already seen).















b) (1A) Also, state what you would do differently if you were to build it again.






5. (1T) Other than your own design, which design did you like the best? Explain why.
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