Chapter 3 – Two-Dimensional Motion



      Regents Physics

Two-Dimensional Motion and Projectiles (Part Deux)

Type 2: Projectilce Fired at an Angle
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Now that we have seen projectiles fired horizontally from a height, we will now focus on projectiles fired at an angle.  For example, a golf ball is projected at an angle above the horizontal (ground).  Other examples include a soccer ball and football being kicked from the ground.  Such a projectile rises to some height above Earth and then falls back to the ground.
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The main difference is that there will now be two initial velocities: one velocity in the     x-direction and one velocity in the y-direction.  Before you start any of these problems, the initial velocity of the projectile MUST be broken into an x-component and a y-component.  To do so, simply use trigonometry.  

For the x-component you will use cosine, and the y-component will use sine.

vix = vi cos θ

viY = vi sin θ
For Example:

1.) Christian kicks a soccer ball at an initial velocity of 15 m/s at an angle of 40o to the horizontal.

a. Sketch a diagram of the given situation and the path of the soccer ball.  Label the initial velocity and angle.
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b. Determine the initial velocity in the x-direction.

c. Determine the initial velocity in the y-direction.

Note: Just like upwards free-fall problems, the object will reach a maximum height       (y-direction) and then come back down because of acceleration due to gravity. So…
a.) Velocity in the y-direction at maximum height is zero.  X-direction velocity always stays the same!

b.) The time it takes to reach maximum height is the same time it takes the projectile to fall back down to the ground.  Find the time to maximum height and simply double to find total time of flight (or time “in the air”).

c.) If returning to the same height, the final velocity of a projectile in the y-direction is equal to the initial velocity in the y-direction.
d.) Once again, no acceleration in the x-direction. (Only need vx=dx/t but remember to find x-component of initial velocity first!)

e.) Total horizontal distance is also called the range of the projectile.

     Maximum range occurs at 45o.
ALWAYS REMEMBER YOUR TWO LISTS!!!
Examples:

2.) A small missile is fired with a velocity of 300 m/s at an angle of 30.0c above the ground.  After a total flight time of 30.6 seconds, the missile returns to the level ground. (Neglect air resistance).

a. Calculate the initial horizontal and vertical components of the velocity.

b. Calculate the maximum height of the missile above the ground.
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c. Calculate the total horizontal range of the missile.

Note: Always be mindful of whether they give you the initial velocity or the components of the initial velocity.  Also, if you have the components of the initial or final velocity, you can simply use the Pythagorean Theorem to find the resultant (total) velocity.
3.) Tiger Woods hits a golf ball with a velocity of 50 m/s at an angle of 50 degrees above the ground.

a. Determine the maximum height that the golf ball reaches.


b. How much total time is the ball in the air?

c. What is the range of the golf ball?
d. What is the final horizontal velocity?

e. What is the final vertical velocity?

f. What is the final resultant velocity of the golf ball?

4.) A field goal kicker wants to kick a field goal that is 30 meters away.  If he kicks the football with an initial velocity of 20 m/s at an angle of 30o to the ground:

a. Will he have enough horizontal distance to reach the field goal post?
b. What angle would give him the maximum range?


