

Cockburn, Eldridge, Parker 6

Determining the Velocity of a Ball Launched from a Catapult Based on Distance and Time
MAGGIE COCKBURN, AMANDA ELDRIDGE, MEAGHAN PARKER

SPH 4U Period 2

Mr.Putman

Introduction


The history of the catapult has spanned from 300 B.C.E into the modern era, with many of the same principles of propulsion remaining unvaried. The name is derived from the Greek words κατα (against) and βαλλειν (to hurl (a missile)). Originally, "catapult" referred to a stone-thrower, while "ballista" referred to a dart-thrower, but the name is interchangeable. First used widely by Alexander the Great, who introduced the idea of catapults to provide cover on the battlefield in addition to using them during sieges. A variation of the catapult was the trebuchet, which was invented in China, and perfected in France, designed to utilize a counter-weight, creating a large amount of propulsion needed for a high velocity flight of whatever was launched.


Catapults can be classified according to the physical concept used to store and release the energy required to propel the projectile. The ideal design would be to use as little power as possible to produce the most effect distance possible. To achieve this, one would have to launch the ball at a 45o angle.  


After creating the catapult for the lab, launching a 5 gram mylex ball and measuring the distance traveled and the amount of time to reach the ground, the velocity of the ball when leaving the cup can be determined after finding the average time and distance using the formula;

Average= X1 + X2 + X3 … + Xn ÷ n
Where n equals to the amount of numbers used, and x represents the values that are being averaged. To find the velocity of a vertical component, one would use the formula;
a= v2 – v1
         t

Where a is the acceleration of the object being launched, v2 and v1 are the secondary and initial velocities appropriately, and t is the time taken to complete the flight. To find the velocity of a horizontal component, one would use the formula;
v=d ÷ t

Where v is the velocity of the object, d is the distance traveled and t is the time taken to complete the flight. To find a value of a side on a right angle triangle one could use Pythagorean Theorem;
x2 = a2 + b2
Where x is the hypotenuse and a and b are the other sides on the triangle. To find an angle of a right angle triangle one formula that could be used is;
tanθ = o ÷ a

Where θ is the angle, o is the opposite side to the angle and a is the adjacent side to the angle. 
Purpose


The purpose of this lab is to calculate the velocity of the ball when the ball is launched from the catapult. 
Materials

· Wood  (refer to Fig. 1 and 2 for dimensions)
· 10” & 12” Dowel 
· Two elastics
· Nails
· Styrofoam  
· Tape
· Spray paint (black and gold)
· 5g ball
· Sliding Compound Mitre Saw
Apparatus
Fig. 1
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Fig. 2
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Procedure

Part One: Construction of Catapult 

1. A design was prepared in such a way that the ball would achieve maximum distance. 
2. The catapult was constructed based on the specifications of the design. (refer to Fig. 1 and 2 for exact dimensions) 

3. The elastics were stretched across the two angled beams for the purpose of creating maximum tension. 
4. The design was completed by the addition of a light weight cup made out of styrofoam used to hold the ball. 

Part Two: Launch of the Catapults

1. The ball was placed in the supportive cup.
2. The trajectory arm was pulled back against the elastics until it reached maximum tension.  

3. The arm was released and hit the dowel, causing the ejection of the ball.
4. The distance of the ball and the trajectory time were measured. 

Data

	Trial Launch # 
	Distance (m)
	Time (s)

	1
	11.6
	1.09

	
	11.2
	1.19

	
	
	1.12

	
	
	1.28

	
	
	1.03

	
	
	

	2
	14.7
	1.44

	
	14.9
	1.19

	
	
	1.21

	
	
	1.26

	
	
	1.41


Calculations

Average = X1 + X2 + X3 + . . . + Xn ÷ n

       AT1 = 1.09 + 1.19 + 1.12 + 1.28 + 1.03 ÷ 5

       AT1 = 1.142 sec

	Trial Launch #
	Average Distance (m)
	Average Time (s)

	1
	11.4
	1.142

	2
	14.8
	1.302

	Average Launch
	13.1
	1.222






x-axis

d= 13.1 m

t= 1.222 s

v= ?

v=d ÷ t

v= 13.1 ÷ 1.222 s

v= 10.72 m/s
y-axis
a= -9.8 m/s2

t= 1.222 ÷ 2 = 0.611 s
v2= 0m/s

v1 = ?

a= v2 – v1
         t
v1= v2 – at

v1= 5.9878 m/s

velocity of line x

x2 = vx2 + vy2
x2= (10.72m/s)2 + (5.9878m/s)2

x= 12.29m/s
Angle θ
tanθ= o ÷ a
tanθ= 5.9878 m/s ÷ 10.72m/s

θ= 29.19°
Analysis
1.

        Fnet= -0.05N
        m= 0.005kg

        a= ?

Fnet= ma

a= -0.05N ÷ 0.005kg

a= -10m/s2
       a= -10m/s2
       V1= 10.72m/s2
       t= 1.222s

d=V1t + ½ at2 
d= (10.72)(1.222) + ½ (-10)(1.222)2
d= 5.63m 

       d= ?

2. 

      a= 9.8m/s2
      V1= 5.99m/s

      d= 0.53m

      t= ?

      t= 0.083s
      v= 10.72m/s

      d= ?      
d=V1t + ½ at2 
0.53= (5.99)t + ½ (9.8)t2
4.9t2 + 5.99t -0.53 = 0
Use Quadratic Formula
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t= -5.99 ± √ (5.99)2 – 4 (4.9)(-0.53)
                        2(4.9)

t= 0.083sec          t= -1.31 


                       can’t have a negative time

d= vt

d= (10.72)(0.083)

d=0.89m


Conclusion 

The ideal outcome of this lab resulted in a final velocity of 12.29m/s [29.19o to the horizontal]. Based on this result, the lab was a somewhat of success in that a fairly high velocity was achieved. Had the ball been launched at a 45o angle, the ball would achieve it’s maximum velocity. Nonetheless, the results of this lab were rather ideal.  In this case, ideal is the assumption of there being no factors acting against the velocity of the ball. However, as was calculated in the analysis section, had there been a wind resistance of 0.05N, the velocity would have been decreased, therefore resulting in a shorter horizontal distance. In the case of this lab report, the horizontal distance, factoring in the 0.05N of wind resistance, was 13.1m, 7.47m less than the ideal result. 
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Therefore, had there been a force of 0.05N of wind against the movement of the ball factored into the original calculations, the distance would have been 5.63m, instead of 13.1 m, a difference of 7.47m.
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After the ball had reached the equivalent height of the catapult the horizontal distance that was left to travel was 0.89m. Therefore, the actual distance that the catapult traveled was 13.99m.








