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Projectile Super Problem 

 

A golf ball is hit from the ground at 35 m/s at an angle of 55º.  The ground is level. 

1. How long is the ball in the air? 

2. What is the maximum height of the ball? 

3. How far from the launching point does the ball hit the ground? 

4. What is the ball’s position after 2 seconds.  When does it reach this height again? 

5. When is the ball 20 m above the ground? 

 

In the plot below, all units are in meters. 

 
 

 

 

 

 

 

 

 

 

 

Solution: 

1. When the ball hits the ground, y = 0. 
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Since the only way a product can equal zero is when one of the factors equals zero, 
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The first condition tells us that the golf ball starts from the ground.  The second gives us 

the time of flight, tf 
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This is more useful if we use ay = −g and Viy = Vi sin  (see the diagram below the 

trajectory plot). 
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What angle maximizes the time of flight?  The angle that maximizes sin .  The largest 

sine can be is 1 and that occurs at 90º.  Hit the ball straight up! 

 

2. At the maximum height, vfy = 0. 
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But this is ½ the time of flight.  When the ball is shot over level ground half of the time 

the ball is going up, the other half of the time it is going down.  It takes half the total time 

to reach the highest point. 

The height at this time is 
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What angle maximizes the height?  We need to find the maximum of sin
2
 .  The 

maximum of sin
2
  occurs at the maximum of sin , which again is 90º.  Hit it straight up. 

 

3. The ball hits the ground when t = tf.  The horizontal position where it hits the ground is 

called the range (R). 
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This can be rewritten using the identity sin 2 = 2sin  cos , 
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What angle maximizes the range?  This time we want to find the maximum of sin 2.  

The maximum of sine occurs at 90º.  This time 2 = 90º or  = 45º.  The angle required 

for maximum range over level ground is 45º.  Also the range is symmetric about 45º.  For 

some angle ,  
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The range for 1 = 45º +  is the same for 2 = 45º − .  Another way is to say if 

 
 90)45()45(21    

 

the ranges are the same! 

 

 

 
 

4. Where is the ball at 2 seconds?  Its horizontal position is found using 
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Its vertical position is  
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When is it at this height again?  There are many ways to find this.  First, note that the 

time of flight of the ball is 5.85 s from part 1.  Since the trajectory is symmetric, if it 

reaches this height 2 s after launch, it will reach it again 2 s before it lands, 
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Another way is to use the symmetry of the y-component of the velocity.  The y-

components of the velocities at the same heights have the same magnitudes but opposite 

signs.  At 2 s 

 

m/s07.9

)s2)(m/s8.9(55sin)m/s35(

sin

2











tgvv

tavv

ify

yiyfy


 

 

When is the speed −9.07 m/s? 
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Finally, the worst way is to just solve for t using the quadratic formula, 
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The first answer is then it reaches 37.7 m while ascending (we knew it would be 2 s), the 

second is when it reaches 37.7 m while descending.  (I quit writing units in the quadratic 

because it makes the equation even more unwieldy.) 
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5. To find when the ball reaches 20 m we use the quadratic equation again, 
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Notice that the sum of these times is 5.85 s, the time of flight. 

 

Summary: Derived equations for a projectile launched from level ground with initial velocity 

vi at an angle  above the ground: 
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If the ground is not level, for example throwing a ball from the top of a building, these 

equations will not apply (unless the initial and final heights are the same)! 

 

The projectile travels in a parabolic path as long as we neglect air resistance.  The motion is 

symmetric about the maximum height (the vertex of the parabola). 


