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Vertical Equations 
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Solve the Following ON A SEPARATE SHEET OF PAPER:

[image: image7.bmp]
1. A ball is thrown horizontally with an initial velocity of 22.2 m/s off the edge of a building and lands 36 meters from the base.

a) How much time was the ball in the air? 1.62 s
b) How high is the building?  12.9 m
c) What are the horizontal and vertical components of the ball’s velocity just before it hits the ground? vx = 22.2 m/s, vy = 15.9 m/s

2. An Alaskan rescue plane traveling horizontally 40 m/s drops a package of emergency rations from a height of 100 m to a party of stranded adventure-seekers.  (a) How long is the package in the air? 4.51 s  (b) Where does the package hit the ground, relative to its position of release?  181 m  (c) What are the components of the velocity of the package, just before it strikes the ground?  vx = 40 m/s, vy = 44 m/s
3. If the Alaskan rescue plane traveling 40 m/s in Problem 2 were instead traveling at a velocity of 50 m/s horizontally, how would this affect (a) the time it takes for the package to fall? (b) the horizontal displacement of the package during flight, and (c) the components of the velocity of the package, just before it strikes the ground.

4. Homer is trying to jump Springfield Gorge with his bicycle. Marge is quite certain that he won’t make it, and is planning to place a safety net in the gorge 15 meters from the base of the cliff from which he’ll jump.  Lisa calculates how fast he needs to be moving when he leaves the ledge to hit the safety net, knowing that the gorge is 50 meters deep.  Assuming the cliff is horizontal, and that air resistance in Springfield is negligible, what speed does Homer need as he leaves the ledge?? 4.7 m/s
5. A FEMA rescue plane wants to drop moon pies to isolated mountain climbers on a rocky ridge 235 m below.  If the plane is traveling horizontally with a speed of 69.5 m/s, how far in advance of the recipients (horizontal distance) must the goods be dropped?  481 m


6.
A football is kicked at ground level with a velocity of 20 m/s at an angle of 35( from the horizontal.  

a) What is the velocity of the ball just before it strikes the ground? 20 m/s 35( below the horizontal
b) When does it hit the ground?  2.34 s
c) How high does it go? 6.73 m
d) How far does it go (horizontally)?  38.4 m

7.
A projectile is launched with an initial speed of 30 m/s at an angle of 60( from the horizontal.  Calculate the magnitude and direction of its velocity 

a)
After 2.0 seconds.  16.3 m/s at 23( above the horizontal

b)
After 5.0 seconds.  27.5 m/s at 57( below the horizontal
8.
Emanuel Zacchini, the human cannonball, will attempt a launch over a wall 15 meters tall, which is located 23 meters from mouth of the cannon.  Zacchini is launched with an initial speed of 26.5 m/s at an angle of 53( above the horizontal.  

a) How long does it take for Zacchini to reach the wall?  1.44 s
b) Does Zacchini clear the wall (how high above the wall does he sail)?  5.3 m above wall
c) How far away does he land?  68.9 m
9.
A battleship and enemy ships A and B lie along a straight line.  The battleship simultaneously fires two shells with the same muzzle velocity V0 at these enemy ships.  Which ship gets hit first?



10.
Three soccer balls are kicked from the ground.  The trajectories are shown. (a) Which ball has the greatest initial horizontal velocity? (b) Which ball has the greatest initial vertical velocity?  Explain your answers.


11. Calculate the (a) range and (b) maximum height of a projectile launched on a level surface with a launch angle of 53.3 degrees, and a launch velocity of 50 m/s.  (c) How much time does the projectile spend in the air? Assume that the acceleration due to gravity is 10 m/s2. (240 m, 80 m, 8 seconds)
12. Calculate the (a) range and (b) maximum height of a projectile launched on a level surface with a launch angle of 53.3 degrees, and a launch velocity of 50 m/s on a planet called Weezer, where the acceleration due to gravity is 20 m/s2.  (c) How much time does the projectile spend in the air? (120 m, 40 m, 4 seconds)
13. Compare the results to (11) and (12).  Does it make sense that the time that the projectile spends in the air when its acceleration is 20 m/s2 is half that time here on Earth?  Why, or why not?  



14.
A ball is launched from the edge of a cliff 125 m above ground level with an initial speed of 105 m/s at an angle of 37( with the horizontal.  

a) How long is the projectile in the air? 14.64 s
b) How far from the base of the cliff does the ball land? 1228 m
c) What is its velocity before it strikes the ground? 116 m/s  at 43.7( below the horizontal

15. Your teacher tosses a basketball towards the basket, and the ball goes through (nothing but net).  If the ball were tossed with an initial velocity of 16 m/s at an angle of 55( above the horizontal,

a)
How long does it take the ball to reach its maximum height?  1.33 s
b)
How long does it take the ball to reach the hoop?  2.63 s

c)
What is (x? 24 m
16.
A car is precariously parked near a cliff overlooking the ocean on an incline that makes an angle of 24( with the horizontal.  The careless driver leaves the car in neutral (?!) and the emergency brakes are defective.  The car rolls from rest down the incline, and has a velocity of 17.5 m/s when it reaches the edge of the cliff.  The cliff is 30 m above the ocean.  How far is the car from the base of the cliff when it hits the ocean?  29.6 m
17.

A rock is projected from the edge of a building with an initial velocity of 10.5 m/s at an angle of 54( above the horizontal.  The rock strikes the ground 15.3 meters from the base of the building.  How high is the building? 9.05 m
18.
An airplane is flying with a velocity of 240 m/s at an angle of 30( below the horizontal, as shown.  When the altitude of the plane is 2.4 km, a flare is released from the plane.  The flare hits a target on the ground.  

(a) How long is the flare in the air?  13.05 sec
(b) How far (horizontally) from the release point does the flare strike the ground? 2711 m
Projectiles Launched Horizontally





Problem Solving 


1.   Draw an accurate diagram showing the trajectory of the object.


2.	Solve for the horizontal and vertical components of the initial velocity, if given.


3.  Complete a data table using given and implied data, based on an appropriate sign convention (you assign).  Make sure to separate horizontal components of motion from vertical components.


4.  Identify what you are looking for.  Remember you need at least 3 pieces of vertical data to use kinematic equations… if you don’t have 3, look to the horizontal data to find time, which is the only common variable.
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