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Introduction
	
	In this experiment, the purpose was to study the behavior of a football when it is thrown and projected into the air and determine the projection angle that allows the football to successfully cover a distance of 18 meters. The study of an object being thrown and projected into the air is also known as ballistic motion.  Since the law of physic applies to airborne objects, we must specifically take into account of these laws that would help calculate the projection angle, velocity, and the duration of the football in the air.
Background 

	With the concept of having one person throw a football across a distance of a volleyball court (18 m), and having another person catch it while a 3rd person times it with a stop watch, we can compute the projection angle of the velocity that allowed the successful completion of that football passing . In this experiment, the football is being thrown in a parabolic flight which is symmetrical. This symmetry and other aspects of the parabola allow us to calculate the angle at which the football was thrown to obtain its maximum height in the air. Two velocities, the horizontal and vertical, were found when the football was projected. With the use of these two components and calculations, the angle at which the football was thrown to gain maximum height is determined.

	
For the following examples, it is shown that whether it is a throw from a discus, a javelin throw or soccer throw in, they are all basically related to a football throw. Therefore the optimal angle of release of a football throw should be somewhere near the optimal release angles of the other three

1) In javelin, the optimal angle of release is between 32 to 36 degrees (Kunz & Kaufmann, 1983).
2) In discus, the optimal release angle ranged from 35 degrees to 44 degrees (Leigh et al., n.d.). 
3) In soccer, the release angle for attaining maximum distance in a throw in may be increased by a few meters, if thrown at a slightly lower release angle of about 30 degrees (Linthorne & Everett, 2006). 
Rationale
	In order to determine the angle that will yield the optimal height, the football must first be thrown across a distance of 18m between 2 people of similar height. Due to the different angles and velocities of each throw, many trials were used and the average time was obtained. With the values of the time and distance of the football thrown recorded, we are now able to calculate the horizontal velocity of the football thrown. Because the magnitude of the vertical component is the same at both ends of the path that the football is thrown, and the velocity has reached its maximum height at this time, this allows us to calculate the vertical component of the velocity vector. By using basic trigonometry combined with these findings, we can easily determine the projection angle that was used to conduct this experiment.
My hypotheses are as follows:
1)  When the football is thrown across the gym covering a distance of 18m, it will undergo parabolic projectile motion.
2) The football will reach its maximum height in the middle of the gym which is approximately 9m from the initial release.
3) The football will reach its maximum height in half the time it takes to go across its given predicted distance.

Methodology

Equipments:
Measuring tape, pylons, 1football, stopwatch

	This experiment was conducted in the Mont Petit gymnasium of the University of Ottawa. A group of students were divided into groups of 3 and had the instructions to carry out the experiment. A distance of 18meters was marked with pylons and the objective was to throw a football across the gym that would cover that distance. The thrower and the catcher were needed to be similar in height to obtain more accuracy and consistency from the results. While the two are throwing and catching each time, the 3rd member of the group used a stopwatch to record the time of the release of the ball and the catch of the ball. These passes were done as many times as needed to get 10 successful recordings. The average time of the 10 successful passes was taken and the standard deviation was taken. Using the average times and the standard deviation, the calculations of the two velocities were found and then the maximum height was determined. Hence, the maximum height and the angle of projection were successfully found.
Results
Table1: The time it took for the football to travel 18 meters, the average time and the standard deviation
	Horizontal Distance (m)
	Time (s)

	18
	1.77

	18
	1.73

	18
	1.98

	18
	1.61

	18
	1.82

	18
	1.74

	18
	1.75

	18
	1.92

	18
	1.77

	18
	1.53

	Average
	1.76

	Standard Deviation
	0.1311




DISCUSSION
Conclusion to my hypotheses:
1) The hypothesis of a football undergoing a parabolic projectile motion when it was thrown a distance of 18 meters across the gym was correct.
	This is because the values obtained display a reasonable logic, and through the 	observations from other groups’ it appears to have been also a parabolic path.

2) The hypothesis that the football would reach its maximum height in the middle of the gym was correct.
	 This is because the football was in a parabolic projectile motion and therefore the 	middle of the full distance would be where the maximum height of the football 	would be. (As proved in basic advance functions mathematics)

3) The hypothesis that the football would reach its maximum height in half the time it takes to go all the way across the gym was correct
	 This is because the football was previously proved to follow a parabolic 	projectile motion. Hence, it would reach its maximum height in the middle and in 	the middle it would be half the time for the football to travel the whole 18 meters.
Sources of Errors:
1) Impossible to throw and catch at the same height and time, each and every single time
2) Rare to have two people be the exact height to throw the ball
	For the experiment to be more precise, the ball would have to be thrown at the same height, caught at the same height, and thrown in a straight line without any shifting to the right/left.
	The effect of air friction on the football was not taken into account because every throw will be different and hence, there will be too many complications with calculations.
	The emphasis on the importance of the release and catch height to be the same is due to the insurance of accurate results, which the times would be relatively consistent.
	If the release velocity was faster, the flight time would be shorter. If the release velocity was slower, the flight time would be longer. 
	If the release velocity was faster, the maximal height would be higher. If the release velocity was slower, the maximal height would be lower.


Conclusion
	
	Through the conduction of this experiment, it is possible to specifically determine the projectile angle that would guarantee a successful completion of a football to pass a given distance. 
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