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What’s wrong with this picture ? 

Answer: It never happens ! Only when 

there is no gravity. 



Why do projectiles fly in a parabola? 





Why do projectiles fly in a parabola? 

By the way, they don’t follow a true parabolic path… 







 



A History of Projectile Motion 

Aristotle: 

    The canon ball travels in a  

    straight line until it loses  

    its ‘impetus’. 

Galileo:  

   - a result of Free Fall Motion 

along y-yaxis and Uniform  

Motion along x-axis. 



Figure 3.6 
• This shows the motions of two identical 

balls—one falls from rest, the other has 

an initial horizontal velocity. Each 

subsequent position is an equal time 

interval. 

• Arrows represent horizontal and vertical 

velocities at each position. The ball on 

the right has an initial horizontal 

velocity, while the ball on the left has no 

horizontal velocity. 

• Despite the difference in horizontal 

velocities, the vertical velocities and 

positions are identical for both balls. 

This shows that the vertical and 

horizontal motions are independent. 



1. Along x, the projectile travels with constant velocity. 

   vx=vxi   x = vxit 

2. Along y, the projectile travels in free-fall fashion. 

  vy = vyi – gt  y = vyit – (1/2) gt2 , g= 9.8 m/s2 

 

Projectile motion = a combination of uniform motion along x and  

 uniformly accelerated motion (free fall) along y. 

Projectile Motion = Sum of 2 Independent Motions 



 The key to understanding 

projectile motion is to realize  

that gravity acts vertically 

 it affects only the vertical  

part of the motion, not the 

horizontal part of the motion 



Demonstration 
• We can see that the 

horizontal and vertical 
motions are independent 

• The red ball falls vertically 

• The yellow ball was given 
a kick to the right. 

• They track each other 
vertically step for step and 
hit the ground at the same 
time 



In the absence of gravity a bullet  

would follow a straight line forever. 

With gravity it FALLS AWAY from 

that straight line! 



Shoot the Monkey 



Football without gravity 



No gravity is good for kickers 



Figure 3.37 

• The total displacement s of a soccer ball at a point along its path. The vector s has 

components x and y along the horizontal and vertical axes. Its magnitude is s , and it makes 

an angle θ with the horizontal. 



Figure 3.38 
(a) We analyze two-dimensional projectile 

motion by breaking it into two 

independent one-dimensional motions 

along the vertical and horizontal axes. 

(b) The horizontal motion is simple, because 

ax = 0 and vx is thus constant. 

(c) The velocity in the vertical direction 

begins to decrease as the object rises; at 

its highest point, the vertical velocity is 

zero. As the object falls towards the 

Earth again, the vertical velocity 

increases again in magnitude but points 

in the opposite direction to the initial 

vertical velocity. 

(d) The x - and y -motions are recombined to 

give the total velocity at any given point 

on the trajectory. 



Figure 3.39 
• The trajectory of a fireworks shell. The 

fuse is set to explode the shell at the 

highest point in its trajectory, which is 

found to be at a height of 233 m and          

125 m away horizontally. 



Figure 3.40 

• The trajectory of a rock ejected from the Kilauea volcano. 



Figure 3.41 
• Trajectories of projectiles on level 

ground. 

(a) The greater the initial speed v0 , the 

greater the range for a given initial angle.  

(b) The effect of initial angle θ0 on the range 

of a projectile with a given initial speed. 

Note that the range is the same for 15º 

and 75º , although the maximum heights 

of those paths are different. 



Range Equation Derivation… 
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Figure 3.42 

• Projectile to satellite. In each case shown here, a projectile is launched from a very high 

tower to avoid air resistance. With increasing initial speed, the range increases and becomes 

longer than it would be on level ground because the Earth curves away underneath its path. 

With a large enough initial speed, orbit is achieved. 





Basketball – without gravity 



Hitting the target – aim high, not 

directly at the target 

BULLSEYE! 
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Projectile motion – key points 

1) The  projectile has both a vertical and 
horizontal component of velocity 

2) The only force acting on the projectile 
once it is shot is gravity (neglecting air 
resistance) 

3) At all times the acceleration of the 
projectile is g = 10 m/s2 downward 

4) The horizontal velocity of the projectile 
does not change throughout the path 



Key points, continued 

5) On the rising portion of the path gravity 

causes the vertical component of velocity 

to get smaller and smaller 

6) At the very top of the path the vertical 

component of velocity is ZERO 

7) On the falling portion of the path the 

vertical velocity increases 

 



More key points 
8) If the projectile lands at the same elevation as 

its starting point it will have the same vertical 
SPEED as it began with 

9) The time it takes to get to the top of its path is 
the same as the time to get from the top back 
to the ground. 

10) The range of the projectile (where it lands) 
depends on its initial speed and angle of 
elevation 



At what angle do I launch for Maximum Range ? 

Need to stay in air for the longest time,  

and with the fastest horizontal velocity component 

Answer: 45° 



Range Equation Derivation… 
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Maximum Range 

• When an artillery shell is fired the initial speed 
of the projectile depends on the explosive 
charge – this cannot be changed 

• The only control you have is over the angle of 
elevation. 

• You can control the range (where it lands) by 
changing the angle of elevation 

• To get maximum range set the angle to 45° 



The ultimate projectile: 

Putting an object into orbit 

• Imagine trying to  

throw a rock around 

the world. 

 

• If you give it a large  

horizontal velocity, 

it will go into orbit 

around the earth! 



Projectile Motion 

• The trick to maximum range is just to keep 

the object off the ground for as long as 

possible. 

• This allows the horizontal motion to be a 

maximum since x = vxt 

• Make range longer by going higher for your 

starting point 

• Make range longer by having more velocity 



Projectile Motion 



Satellites 

• Curvature of the earth enters into our 

calculations 

If I start 5 m above the surface, it will still be at 

5 m after one second if it is moving 8000 m/sec 



Satellites 

Throw at 8000 m/sec 

This is about 18,000 mph 

Earth circumference is 

25,000 miles 

Takes 25000/18000 = 1.4 

hours = 84 minutes  

Higher altitude longer 



Satellites 

Force of gravity on bowling ball is at 90o to 

velocity, so it doesn’t change the velocity!!! 

If no air resistance, gravity doesn’t change 

speed of satellite, only direction!!! 



Communications Satellites 

• Farther out you go, the bigger the 

circumference of the orbit 

• It takes longer for the trip 

• Also, gravity weakens by inverse square 

law the farther out you go 

• Make the distance so that it takes 24 hours 

for the orbit 

• Satellite is stationary in the sky!!! 



The Moon 

• Distance is about 240,000 miles 

• Takes 27.3 days to make an orbit 



Elliptical Orbits 

• Give the object a speed a bit greater than 8 

km/sec and the orbit will be elliptical 





Elliptical Orbits 



Elliptical Orbits 

Sum of distances from foci to point on the 

ellipse is a constant!!! 



Launch speed = Return Speed.  

Speed is minimum at apex of parabolic trajectory. 

Horizonal component 

Net velocity 

vx 

 

vertical component 

 

vy 
v 

Above: Vectors are 

added in geometric 

Fashion. 

Velocity Components at various points of the Trajectory 



Everyday Examples of Projectile Motion 

1.Baseball being thrown 

2.Water fountains 

3.Fireworks Displays 

4.Soccer ball being kicked 

5.Ballistics Testing 

6.Throwing Freshmen off roof 






