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Projectile Motion
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• A projectile is an object upon which the only force acting is gravity.
 • an object dropped from rest is a projectile and an object which is thrown vertically upward is also a projectile (provided that the influence of air resistance is negligible)
 • gravity can only affect the vertical component of motion
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• the ideal path of a projectile is parabolic
 • projectiles have two components to their velocity and displacement vectors
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• An object thrown horizontally from a height above ground would follow a path with uniform horizontal velocity and a accelerated vertical velocity
 vertical velocity changes due to gravity
 Horizontal velocity remains constant
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Example
 • A girl throws a ball into the air as shown. What is the acceleration of the ball at A, B, C & D (just before it hits the floor)?
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Example
 • A ball is rolling at 2.00 m/s across a table top when it reaches the edge. If the table is 1.20 m high, how far away from the table will the ball land?
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Summarize the data
 • X direction • UNIFORM MOTION
 • vx = 2.00 m/s• dx = ?
 • dx =vx t
 • Y direction• ACCELERATED Motion
 • viy = 0 m/s• dy = 1.20 m • a = 9.81 m/s2
 • t = ?
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d = vi t + ½ at2 vi = 0
 d = ½ at2 ( )2819
 2012
 2
 s/m.m.t
 adt
 −−
 =
 =
 t = 0.4946 s
 dx = vx t
 dx = (2.00 m/s)(0.4946 s) = 0.989 m
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Example
 • The coyote is chasing the roadrunner again. The coyote is running at 37.0 m/s when he reaches the edge of a cliff. He goes over the edge and lands 95.2 m from the bottom of the cliff. How high is the cliff?
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Solutionx direction• vx = 37.0 m/s• dx = 95.2 m
 y direction• vyi = 0 m/s• a = 9.81 m/s2
 • t = 2.573 s (Time to hit ground)
 • d = vi t + ½ at2
 • d = ½ at2
 • d=½ (9.81 m/s2)(2.573 s)2
 • d = 32.5 m 95.237.0 /
 xx
 x
 x
 dvt
 dtv
 mtm s
 =
 =
 =
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When an object is fired at some angle between 0 and 90o, it follows a curved path through the air
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• The vertical velocity is always changing due to gravity
 • Horizontal velocity is not affected by gravity
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Projectiles at an angle• Must use components of the velocity
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• As the angle increases, the maximum height increases and the horizontal distance changes
 • The larger the angle, the more time the projectile will be in the air
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Example• A golf ball is hit from level ground at 30.0 m/s
 at an angle of 37.0o Calculate how high the golf ball will go and how far away it will land.
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Initial
 v = 30.0 m/s
 37.0o
 Vx = 30.0 m/s(cos 37.0o)
 Takes ball away from you
 Initial velocity in
 y direction
 Vy = 30.0 m/s(sin 37.0o)
 Takes ball up
 Vector diagram
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Data
 • vx = v cos θ• vx = 30.0 m/s cos 37.0o
 • vx = 23.96 m/s
 • vyi = v sin θ• vyi = 30.0 m/s sin 37.0o
 • vyi = 18.05 m/s UP• vyf = 0 m/s highest
 point• a = 9.81 m/s2 down
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• At the highest point, vy = 0, vx is unchanged and a = 9.81m/s2 (down)
 • Horizontal motion is uniform motion, vertical motion is accelerated
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Solutionfind height above ground
 • d = 16.6 m
 ( ) ( )( )2
 22
 22
 22
 819205180
 2
 2
 s/m.s/m.s/md
 avvd
 advv
 if
 if
 −−
 =
 −=
 +=
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find time through the air (method 1)
 281905180
 s/m.s/m.s/mt
 avvt
 tvva
 up
 ifup
 if
 −−
 =
 −=
 −=
 this finds the time to reach highest point from the ground
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• tup = 1.83996 s• total time in air = 2(tup )= 3.67992 s
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• x direction• dx = vx t• dx = 23.96 m/s(3.67992 s) = 88.2 m
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find time through the air (method 2)
 2
 2
 2
 2
 12102
 2
 2
 i
 i
 i
 i
 d v t a t
 v t a t
 v t a t
 v t a tt t
 → → →
 → →
 → →
 → →
 = +
 = +
 − =
 −=
 final vertical displacement = 0 mviy = 18.05 m/sa = -9.81 m/s2
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s.ts/m.
 )s/m.(
 ta
 v
 tav
 i
 i
 679923819
 05182
 2
 2
 2 ==−
 −
 =−
 =−
 →
 →
 →→
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Practice
 • P 107: #1, 2, 3• P 112: #6, 9
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