Ch 3

Projectile Motion

Projectile motion 

· Projectile motion refers to the motion of objects that are thrown or launched into the air and are subject to gravity.  Projectiles follow parabolic trajectories.  In analyzing projectiles, ignore air resistance (unless stated otherwise) and analyze the horizontal and vertical motions separately.  Since there is no air resistance, there is no acceleration in the horizontal and the x-component of velocity remains constant for the entire time of flight.  The vertical motion is the same as a free falling object with the acceleration of gravity.  The best way to understand projectile motion is to visualize what is happening to the velocity vector components as a projectile travels along its parabolic path.  Look at the diagram below.  A cannonball is fired from a cannon on the ground pointing up at an angle θo.  At each point, we can draw the horizontal velocity vector vx and the vertical velocity vector vy.  Of course the acceleration at all points is g and points downward.  Notice that as the ball travels along the arc, the length of the horizontal velocity does not change (remains constant), but the vertical velocity component decreases as the ball rises and increases as the ball falls. The motion of the ball is symmetric; that is, the speeds of the ball on the way up are the same as on the way down at equal heights, with the vertical velocity being zero at the top of the path and reversing its direction at that point. 

                  [image: image1.png]Yo

=
=
-





· When solving projectile problems, motion in the horizontal is analyzed separately from the motion in the vertical because the two motions are completely independent of one another (vector analysis).  Note that the:

· Horizontal component of velocity remains constant.

· Vertical motion is the same as an object in free fall with the acceleration of g.

· To determine speed at any point use the Pythagorean Theorem with the velocity vector components.

· Time of flight for vertical and horizontal component is the same.  Usually finding time is the key to solving projectile problems since time relates the horizontal and vertical equations.

 The table below lists the equations used to solve projectile problems.
	X Component Equation
	Equations Given on Test
	Y Component Equations
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	vy = voy + gt
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The diagrams below show the three different possible launch scenarios.
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Downward
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Example:  A ball is thrown horizontally from the roof of a building 56.0 m tall and lands 45.0 m from the base.  What was the ball’s initial speed?

Example:  A football is kicked at an angle of 37.0o with a velocity of 20.0 m/s.  Calculate the maximum height, the time of travel before the football hits the ground, how far away it hits the ground.
Example:  A projectile 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 37.0o above the horizontal.  Assuming the ground below is level, calculate the time of flight, the range of the projectile as measured from the base of the cliff, and the velocity with which the projectile hits the ground.
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Lands on axis             y = 0
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Solved by setting vy=0
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tup = tdown for objects returning to ground level





+/-vy  means 2 possible t’s at altitudes above ground
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Lands on level ground vy=-voy
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At top: vy=0, v=vx=vox
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