Free Falling
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[image: image3.bmp]Free Fall:  In Physics free-falling is any motion of a body where gravity is the only force acting upon it. According to this definition, an object doesn’t even have to be falling to be in free fall. For example, an airborne softball is in free fall, even as it is moving up through the air.   
A skydiver with a deployed parachute is NOT in free fall, because there is a second force, air resistance, acting on the skydiver.  In fact, all objects that are moving through the earth’s atmosphere encounter air resistance, but we will neglect these effects in first year physics, where the resistive forces are relatively small, mostly because air resistance is a bit more complicated than we are ready to tackle.  
Concept Question 1:  Perfect free fall does not exist since there is almost always air resistance.  But which of the following objects behaves most like an object in perfect free fall:

(a)  leaves falling from a tree
(b) a baseball hit by a bat
         (c) a piece of paper falling from a desk

Gravity and Free Fall:  The earth’s gravitational pull is constantly pulling downward on all objects close to the surface of the earth.  The acceleration of all objects in free fall close to Earth is 9.8 m/s2, downward.  We use the symbol g to represent this acceleration.  We call it, “the acceleration due to gravity”, which is precisely what it is – it is the acceleration experienced by all free falling objects due to the earth’s gravitational pull.  Sometimes, we approximate this value using 10 m/s2, to recognize trends a little easier:  
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Imagine that you throw a ball straight up into the air with an initial velocity of 20 m/s.  

· On the way up, the ball is slowing down; it’s velocity is decreasing by 10 m/s each second.  

· On the way down, the ball is speeding up; it’s velocity is still decreasing by 10 m/s each second.
Data Analyses: How can both of the above statements be true, if the acceleration is constant -10 m/s2 for the ball’s entire trip?  Complete the table below, AND plot the data on the graph shown:
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	Time

(s)
	Velocity

(m/s)

	0
	+20

	1
	

	2
	

	3
	

	4
	


· On the graph, use BLUE to graph the motion of the ball on the way up:

· On the graph, use RED to graph the motion of the ball on the way down:

· Use a GREEN dot to highlight the point on the graph when the ball is at its highest point:

Concept Question 2: Explain how an object whose velocity changes from -10 m/s to -40 m/s is speeding up:

Concept Question 3: If a rock fell off a cliff, how fast would the rock be going after 2 seconds?  
Concept Question 4: If a rock fell off a cliff, how fast would it be traveling after 8 seconds?  

Concept Question 5: Which equation could be used to answer questions 3 and 4?

(a)  v = g t
              (b)  v = g + t
                  (c) v = g t2 + 2                  
(d) v = 2 (t + g)
HOW FAST?  The above equation can only be used if the initial velocity is zero – a more general equation we can use to find the velocity of a free falling object is:  
vf = vi  - g t

Identify the variables in the equation above:  
Practice Problem: A ball is thrown upward with an initial velocity of 45.6 m/s.  How many seconds will it take for the ball to reach its maximum height?  Use GUESS:
HOW FAR?  We can use the equation below to solve for a free falling object’s displacement:
(y = vi t – ½ g t2
Identify the variables in the equation above:  
Practice Problem: A ball is released from rest off the top of a building.  It takes 5.2 seconds to hit the ground.  What is the height of the building?  Use GUESS:
BIG IDEAS: 

· The acceleration of ALL objects in free fall on Earth is _____.
· If an object is released from rest, and allowed to fall, its initial velocity is _________.

· When an object is thrown straight up into the air, its velocity at its highest position is _________.


How Fast: 
vf = vi – gt 


How Far:  Δy = vit - ½ gt2
Practice Problems: Use the GUESS Method for Problem Solving to Answer the Following:
1. If I threw a ball vertically at an initial speed of 34.5 m/s, how much time would it take to reach the maximum height? 

2. If a rock fell from rest from a cliff and hit the bottom of a ravine at 4 seconds, how fast was the rock going when it hit the bottom of the cliff?

3. If a ball was thrown upward with a velocity of 46.3 m/s, how long would the ball stay in the air?

4. How far would a skydiver fall during his first minute of free fall?

5. How long would it take a penny to fall from the top of the Empire State Building?  The building is 381 meters tall.
6. How fast would the penny be traveling when it hit the ground?

7. A ball was kicked upward with a velocity of  64.2 m/s.  How fast was the ball going 1.5 seconds later?

8. The same ball from 7 was kicked upward with a velocity of 64.2 m/s on the moon, where the acceleration due to gravity, g, is only1.67 m/s2.  How fast was it going after 1.5 seconds?

