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Physics II






Name: _____________________

Unit II: Projectiles and Drag

Baseball Drag

Useful Formulas/Info:

Fd = ½ ρ Cd A v2

Fd = Force of drag on an object (air friction) (Units = N)


ρ = “rho” = Density of surrounding fluid  (air’s density ≈ 1.22kg/m3)


Cd = Drag coefficient of the object (specific to object in question; a measure of aerodynamics)


A = Cross-sectional area of the object that is exposed to surrounding moving fluid (m2)


V = Velocity of the object, relative to surrounding fluid (m/s)

F=ma

Δv = a (Δt)

d = vt
Terminal Velocity:  velocity at which the force of drag on a falling object balances the force of gravity, so that there is no net force on the object – and no acceleration. 

Problems:
1.
A baseball has a Cd  of about 0.3, and a cross-sectional area of about 0.0043m2.  If the density of air is 1.22kg/m3, what is the force of drag acting on a baseball that is traveling at 30m/s?

2.
What is the terminal velocity of this baseball?

3.
Suppose the same baseball has a mass of  0.125kg.  It is thrown with an initial horizontal velocity of 40m/s.  

a. Approximate the horizontal velocity of that baseball after 0.45 seconds (about the time it would take to travel from the pitcher’s mound to home plate).

b. Why is this only an approximation?

Trajectory of A Projectile, Accounting For Drag

3.
Suppose an object has been launched at a 45° angle, with an initial velocity of 50m/s.  What are the objects initial X and Y velocities?


Initial X velocity =


Initial Y velocity = 
4.
The density of air around the object is 1.2kg/m3.  The object has a cross-sectional area of 0.006m2 and a Cd of 0.2.  What is the initial force of drag that is acting on the object in the X dimension?  What about in the Y dimension?


X drag =




Y drag = 

5.
The object’s mass is 0.84kg.  What initial net force is acting on the object in the X dimension?  What about in the Y dimension (** hint: the y dimension solution is more complicated)?


X Fnet =




Y Fnet =
6.
What are the object’s initial X and Y accelerations?


X acceleration =



Y acceleration = 

7.
After an elapsed time of 0.2 seconds, by what amount do the X and Y velocities change?  

X Δv =




Y Δv =

8.
After an elapsed time of 0.2 seconds, what are the object’s new X and Y velocities?


Current X velocity =


Current Y velocity =

9.
During the elapsed time of 0.2 seconds, how far has the object traveled in the X and Y dimensions?


X displacement =



Y displacement =

10.
Suppose the ball is dropped off of a very, very tall cliff.  What is its terminal velocity?


Terminal Velocity =


Homework:  Answer the trajectory questions above, but use these parameters… 
· launch angle = 50°
· Initial Speed = 30m/s

· Drag Coefficient = 0.4

· Shape = sphere with 0.05m radius

· Mass = 0.2kg

· Density of Air = 1.19kg/m3
· Interval time = 0.2 seconds

11.
Initial X velocity =


Initial Y velocity = 

12.
X drag =




Y drag = 

13.
X Fnet =




Y Fnet =
14.
X acceleration =



Y acceleration = 

15.
X Δv =




Y Δv =

16.
Current X velocity =


Current Y velocity =

17.
X displacement =



Y displacement =

18.
Terminal Velocity =















