
        
 

Projectile Motion 
 

 

Introduction:                                                                                                                               
A projectile is a body in free fall that is subject only to the forces of gravity (9.81ms⎯²) and air 
resistance. An object must be dropped from a height, thrown vertically upwards or thrown at 
an angle to be considered a projectile. The path followed by a projectile is known as a 
trajectory. If gravity were not present, a projectile would travel in a constant straight line. 
However, the presence of gravity forces projectiles to travel in a parabolic trajectory, thus 
gravity accelerates objects downwards. 

 
                                                                                                  Straight Line Trajectory 
                                                                                                                                                           (No gravity) 

                                                                       
                                                                                            Parabolic Trajectory 
                                                                                                                                                   (Gravity) 

 
 
 
 
The factors that affect the trajectory are: 

a) Angle of projection 
b) Projection velocity 
c) Relative height of projection 
 

In order to analyse projectile motion, it is divided into two components, horizontal motion and 
vertical motion. Perpendicular components of motion are independent of each other i.e. the 
horizontal and vertical motions of a projectile are independent. Horizontal motion of an object 
has no external forces acting upon it (with the exception of air resistance but this is generally 
not accounted for). Due to this absence of horizontal forces, a projectile remains in motion 
with a constant horizontal velocity, covering equal distances over equal periods in time. Thus 
no horizontal acceleration is occurring. The degree of vertical velocity however, is reduced by 
the effect of gravity. Force of gravity acts on the initial vertical velocity of the javelin, reducing 
the velocity until it equals zero. A vertical velocity of zero represents the apex of the trajectory, 
meaning that the projectile has reached its max height. During the downward flight of the 
projectile, vertical velocity increases due to the effect of gravity. 

 

 
 

The initial velocity (Vi) of a projectile, released at an angle to the horizontal (Θ), has both 
horizontal (Vh) and vertical (Vv) components. When calculating the horizontal motion, 
acceleration is taken as 0ms⎯² as there are no forces acting in the horizontal direction. Thus, as 
there is no acceleration, this means that the initial horizontal velocity and the final horizontal 



        
 

velocity are the same. Acceleration in the vertical motion is 9.81 ms⎯² as gravity is the only 
force in the vertical direction. This value is constant regardless of the weight, size etc. of the 
object being projected. If an object is released and lands at the same height, then the initial 
velocity and the final velocity will be the same with the only difference being that the final 
velocity is in the opposite direction. The peak height reached by an object can be found by 
assuming the peak height to be the final velocity, which is 0ms⎯¹, as when the object reaches its 
peak height vertical velocity is 0ms⎯¹. If an object is dropped from a height the initial velocity 
(u) is 0ms⎯¹ and from this the final velocity can be calculated.   
The laws of constant acceleration can be used to derive the horizontal and vertical components 
of a projectile. These equations can only be applied to the horizontal and vertical motions of the 
projectile – they cannot be used on the resultant motion. The three equations that are used are:  

i) v = u + at 
ii) v² = u² + 2as 
iii) s = ut + ½at² 
 
Where: 
u = initial velocity (ms⎯¹) 
v = final velocity (ms⎯¹) 
a = acceleration (ms⎯²) 
t = time (s) 
s = displacement (m) 

 
 

Objectives: 

 To compare the projectile motion of five different javelin throws using the Quintic 
software 

 To calculate the distance travelled, initial velocity and angle of release of the javelin throw 

 

Method: 

 The videos have been calibrated and digitised using the Quintic software.  

 Data has been exported to an excel file where it was used to calculate all the variables of the 
javelin throw. Graphs have been prepared using this information. 

 Still images have been captured from videos to outline different stages of the exercise 
 
 

Functions of the Quintic Biomechanics and Quintic Coaching Software used: 

• 1 Point Digitisation Module 

• Calibration 

• Interactive Graph and Data displays 

• Export Data 

• Multi-Image Capture 

 

 

 

 



        
 

Results: 

Each of the javelin throws were analysed using single point digitisation. Every frame from the 
point of release until the end of the video was digitised. Using the results given from the 
digitisation, values such as distance of the throw, time of the throw and max height reached by 
the javelin were calculated. 
 

 



        
 

 Throw 1 Throw 2 Throw 3 Throw 4 Throw 5 
Initial Velocity (ms⎯¹) 21.48 28.13 19.70 22.11 20.87 
Angle of Release (deg) 46.55 40.65 45.58 43.41 43.63 
Height Released (m) 1.80 2.38 1.96 2.02 1.68 
Initial Horizontal Velocity (ms⎯¹) 14.77 21.34 13.79 16.06 15.11 

Initial Vertical Velocity (ms⎯¹) 15.59 18.32 14.07 15.19 14.40 
Time (s) 3.29 3.86 3.00 3.22 3.05 
Distance (m) 48.59 82.37 41.37 51.71 46.09 
Time to Max Height (s) 1.59 1.87 1.43 1.55 1.47 
Max Height (m) 14.19 19.49 12.05 13.78 12.25 
Final Horizontal Velocity (ms⎯¹) 14.77 21.34 13.79 16.06 15.11 

Final Vertical Velocity (ms⎯¹) -16.68 -19.55 -15.36 -16.40 -15.52 
Table 1: Results from the five Javelin Throws 
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Graph 1: Initial Velocity of Javelin Throws 

 
Graph 1 shows the initial velocities of all the throws. The initial velocity of a javelin throw 
determines the height and length of the trajectory, providing all other factors are held constant.  
Throw 2 had the highest initial velocity average of 28.13ms⎯¹ with the rest having slightly lower 
averages of 21.48ms⎯¹, 19.70ms⎯¹, 22.11ms⎯¹ and 20.87ms⎯¹ for throws 1-5 respectively. 
Knowing the initial velocity value, the horizontal and vertical values can be derived. Horizontal 
velocity of the javelin remains constant throughout the flight time, because of there being no 
external forces acting on the horizontal motion. Vertical velocity on the other hand is 
constantly changing because of the force of gravity. Table 1 shows that for all the throws, the 
final vertical velocity is greater than the initial velocity, and is a negative value. This is due to 
the javelin being released from a height. If an object is projected and lands at exactly the same 
height, then the initial velocity and the final velocity are the same. However, if an object is 
projected from a height and it lands below this height then the final velocity will be greater than 
the initial velocity and in the opposite direction. All the throws experience a negative final 
velocity as all of the javelins were released from a height. Throw 2 has a greater final vertical 



        
 

velocity than the rest, -19.55ms⎯¹. This is because it travelled a further distance and reached a 
higher height, therefore the force of gravity was acting of the javelin for a longer period of time 
before if hit the ground.  
 
The three main variables that affect the javelin throw are initial velocity, angle of release and 
height of release of the javelin. One of these variables alone is not enough to ensure a good 
throw. From the calculations in table 1, throw 2 is deemed the most successful throw as it 
travelled the longest distance of 82.37m. A trend can be seen in this throw in comparison to the 
others. Throw 2 has the smallest angle of release (40.65º), the highest initial velocity 
(28.13ms⎯¹), and is released from the highest height (2.38m). All of these combined results in 
the longest distance being thrown.  
 

Comparing the Angle of Release with the Distance Thrown
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Graph 2: Angle of Release and Distance Thrown 

 
The shape of the projectile trajectory is determined by the projection angle. The optimum angle 
of release, for a projectile being released at ground level, is 45 º. If the relative height of 
projection increases, the angle of release should decrease. Conversely, if the relative height of 
projection decreases, the angle of release should increase. The optimum release angle of the 
javelin throw is between 34-36 º. However, this angle does not take into account external 
factors such as wind and therefore must be altered in accordance to minimise or maximise its 
effect. If there is a wind blowing against the flight of the javelin, then angle of release should be 
slightly decreased, whereas if throwing into a tailwind, the angle of release should be greater. 
 

 
Figure 1: Angle of Release of the Javelin throws 



        
 

Graph 2 and figure 1 show the angles of release of the five javelin throws in ascending order 
compared with the distance thrown. The throw with the lowest angle (throw 2, 40.65 º) has by 
far reached the longest distance (82.37m). The rest of the throws do not follow the same 
pattern with the largest angle of release having the second longest distance. This is because 
angle of release is only one of the factors that affect the distance thrown, and while the angle of 
release might not be near the optimum, other factors may be more precise thus giving a good 
result. Enhancing the angle of release may result in a longer distance being reached 
 
Graph 3 and figure 2 show the different heights at which the javelins were released. Throw 2, 
who had the longest distance, 82.37m, had the highest release point of 2.38m. The rest of the 
throws threw at heights of 1.80m, 1.96m, 2.02m and 1.68m respectively.  
 

Comparing the Height of Release with Distance Thrown
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Graph 3: Height Released and Distance Thrown 

 
The height at which the javelin is released affects the optimum angle of release. The greater the 
height, the lower the angle should be in order to increase the distance thrown. The height of 
release can mainly be determined by the natural stature of the athlete, and may bear taller 
athletes with a slight advantage over their competitors. Therefore, javelin throwers often have 
to determine their own optimum angle of release to suit their height.  Generally, when the 
projectile velocity and the angle of projection are held constant, the higher the projection 
height, the longer the flight time. Hence, if flight time is longer then distance is greater.  

 

 
Figure 2: Height Released from Ground 



        
 

Comparing the Angle of Release with the Height of Release
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Graph 4: Angle of Release of Javelin  

 

Graph 4 compares the height of release with the angle of release. It would be expected that as 
the height increases, the angle decreases. The optimum angle of release from ground level is 
45º; thus, all the throws should be released at an angle less than 45 º. Only three of the 
throwers have an angle of release less than 45º, throw 2 which released the javelin 2.38m above 
the ground at an angle of 40.65 º, throw 4 which release the javelin at 2.02m above the ground 
at an angle of 43.41 and throw 5 which released the javelin 1.68m above the ground at an angle 
of 43.63 º. The other two throws had angles just above 45 º of 45.55 º and 45.58 º for throws 1 
and 3 respectively. Decreasing their angle of release may increase the distance of their javelin 
throw.  

 

Conclusion: 

Understanding how projectile motion works is very beneficial in determining how to best 
propel an object. For the javelin throw, being able to calculate the different variables helps the 
athlete to develop a better technique for them personally in order to throw the longest 
distance. Often from looking at the projectile motion of an object, faults in other phases of the 
technique can be identified. The initial velocity of the javelin for example can be used as an 
indication of the amount of momentum created during the preparatory phase of the action. 
Often a low initial velocity is a result of a loss of momentum during this phase and so the 
technique needs to be altered hence improving the initial velocity. This is the same for other 
sports such as shot put, basketball, a throw-in in soccer and many more.  
 
 
The distance of a projectile can also be calculated, by using the initial velocity, angle of release and height of release, from the 
following equation: 

Distance = Vi*cos Θ [Vi*sin Θ + √ ((Vi²*sin² Θ) + (2*h*g))/g] 
       Where:   
       Vi = initial velocity (ms⎯¹) 
       Θ = angle of release (deg) 
        h = height of release (m) 
        g = acceleration due to gravity (9.81ms⎯²) 


