KINEMATICS IN TWO DIMENSION
Equations and Symbols
Horizontal direction:
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Vertical direction:


[image: image2.wmf]y

a

v

v

t

a

t

v

y

t

v

v

y

t

a

v

v

y

oy

y

y

oy

y

y

o

y

oy

y

2

2

1

)

(

2

1

2

2

2

+

=

+

=

+

=

+

=


For a projectile near the surface of the earth:

ax = 0, vx is constant, and ay = g = 10 m/s2.

Projectile Motion

Projectile motion results when an object is thrown either horizontally through the air or at an angle relative to the ground. In both cases, the object moves through the air with a constant horizontal velocity, and at the same time is falling freely under the influence of gravity. In other words, the projected object is moving horizontally and vertically at the same time, and the resulting path of the projectile, called the trajectory, has a parabolic shape. For this reason, projectile motion is considered to be two-dimensional motion. 

The motion of a projectile can be broken down into constant velocity and zero acceleration in the horizontal direction, and a changing vertical velocity due to the acceleration of gravity. Let’s label any quantity in the horizontal direction with the subscript x, and any quantity in the vertical direction with the subscript y. If we fire a cannonball from a cannon on the ground pointing up at an angle θ, the ball will follow a parabolic path and we can draw the vectors associated with the motion at each point along the path:

[image: image3]
At each point, we can draw the horizontal velocity vector vx, the vertical velocity vector vy, and the vertical acceleration vector g, which is simply the acceleration due to gravity. Notice that the length of the horizontal velocity and the acceleration due to gravity vectors do not change, since they are constant. The vertical velocity decreases as the ball rises and increases as the ball falls. The motion of the ball is symmetric, that is, the velocities and acceleration of the ball on the way up are the same as on the way down, with the vertical velocity being zero at the top of the path and reversing its direction at this point. 
At any point along the trajectory, the velocity vector is the vector sum of the horizontal and vertical velocity vectors, that is, v = vx + vy.
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By the Pythagorean theorem, 
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In both the horizontal and vertical cases, the acceleration is constant, being zero in the horizontal direction and 10 m/s2 downward in the vertical direction, and therefore we can use the kinematic equations to describe the motion of a projectile. 
Kinematic Equations for a Projectile
	Horizontal motion
	Vertical motion

	ax = 0
	ay = g = - 10 m/s2 
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	vy = voy + g t

	x =  vxt 
	
[image: image7.wmf]2

2

1

gt

t

v

y

oy

+

=




Notice the minus sign in the equations in the right column. Since the acceleration g and the initial vertical velocity  voy  are in opposite directions, we must give one of them a negative sign, and here we’ve chosen to make g negative. Remember, the horizontal velocity of a projectile is constant, but the vertical velocity is changed by gravity.
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