Projectile Motion
Assumptions:

1. g has magnitude of 9.80 m/s2 and is always downward

2. Effect of air resistance can be ignored

3. Rotation of earth can be ignored




Path will be parabola
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perpendicular vectors act independently

vyo = v0 sin (


vx0 = v0 cos (


horizontal velocity component constant








      

no acceleration in horizontal direction.  
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and  vx = vx0 = v0 cos (0   = constant  

Then to find x


x = vx0t = (v0 cos (0)t

Definitions:


v0  (  initial velocity of projectile


vy0  (  initial velocity in y direction


vx0  ( vx = constant velocity in x direction


v  (  velocity of projectile
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Instantaneous speed:      
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· A flag pole ornament falls off the top of a 25.0 m flagpole.  How long would it take to hit the ground?

Solution: 
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  so that
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Plug in the given values:
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t = 2.26 s

· A stone is thrown horizontally from the top of a cliff that is 44.0 m high.  It has a horizontal velocity of  15.0 m/s.  We want to find how long it takes the stone to fall to the deck and how far it will travel from the base of the cliff.

Solution - Time to hit ground:
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Plug in the given values:
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t =2.86 s

Find  x :


x = vx t
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x  = 42.9 m
· B-17 is flying at 375 km/h.  The bombs travel a horizontal distance of  5 250  m.  What was the altitude of the plane at the time they had the old "bombs away"?
Solution – find time:
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=    
104 m/s

x = vxt
so:
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t  =   50.5 s

Find vertical distance (altitude):


[image: image20.wmf]2

1

2

ygt

=




[image: image21.wmf](

)

2

2

1

9.8050.5

2

m

s

s

æö

=-

ç÷

èø


 y =  -12 509 m       

[image: image22.wmf]
Upwardly Moving Projectiles: 
.  



· A ball is given an initial velocity of 22. 7 m/s at an angle of 66.0( to the horizontal.  Find how high the ball will go. 

Solution - vertical velocity:

vy0 = v0 sin (0
 vy0 = 22.7 m/s (sin 66.0()
vy0 = 20.7 m/s





Find y: 

vy0  =  20.7 m/s      and    vy = 0.   Therefore:
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y  =   21.9 m



· A naval gun fires a projectile.  The gun’s muzzle velocity (so speed of the bullet) is   345 m/s at an elevation of 32.0 (.  What is the range of the shot?

Find the vertical velocity: 

vy0 = v0 sin (
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   vy =182.8 m/s
Find the time: 
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     vy0   = - vy0 
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t  =  37.31 s

Find range:    
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x  =  10 900 m


· A punter has a hang time of 4.5 s.  If the ball travels down the field 48 m, what was the kick angle?
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vx  =  10.67 m/s

Total time is 4.5 s   
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t  =  2.25 s
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vi  =  22.05 m/s
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(  =  64 (
· A stone is thrown off the top of a building from a height of  45.0 m.  The stone has a launch angle of 62.5( and a speed of 31.5 m/s.   How long is the stone in flight, how far from the base of the building does it travel?  What is its speed just before it hits the ground?

vy0 = v0 sin 
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   vy =27.94 m/s
Find how high it rises: 
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vy is zero, so:

[image: image46.wmf]2

0

02

y

vgy

=+




[image: image47.wmf]2

0

2

y

gyv

=-



[image: image48.wmf]2

0

2

y

v

y

g

-

=



[image: image49.wmf]2

2

m

27.94

s

m

29.80

s

y

æö

-

ç÷

èø

=

æö

-

ç÷

èø



y  =  39.8 m

The time to reach this point:
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t =  2.851 s

total distance to fall      ytot = 39.8 m + 45.0 m  =  84.8 m

Time to fall this distance: 
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t  =  4.160 s

Total fall time:    4.160 s + 2.851 s      =       7.01 s

Distance from base:   
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    x   =  101 m

Speed at ground: 
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Find vy at bottom: 
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v =    70.2 m/s 

· You throw a potato at an angle of 22.2 (.  If the thing is in the air for 1.55 s, how far did it go, distance-wise?
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=  18.62 m/s
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dx  =  28.9 m
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