Physics NOTES – UNIT 3: Acceleration & Free Fall
Holt Textbook reference = Chapter 2, Sections 2 & 3
I.  Acceleration:  In this unit we will only calculate with constant accelerations.  (In order to work well with changing accelerations, you would need to use calculus.)
· Average acceleration is the rate of change of velocity; change in velocity with time (a = ∆v/∆t) if an object’s velocity is changing, it’s accelerating—even if it’s slowing down and even if the only thing changing is its direction of travel.  An object traveling in a circle at a constant speed is still changing its velocity because its direction is changing constantly…SO it is accelerating!! 
Example # 1:     If a car goes from rest to 48.0 mph (miles per hour) in 4.00 seconds, calculate its acceleration.
· Note – At first you might think that + acceleration is speeding up and negative acceleration is slowing down – NOT necessarily.  You only have negative acceleration when the direction of the acceleration is opposite to the direction that is defined as positive.  It’s all about the direction of the acceleration – not speed up or slow down.  

Question:  If a car has a constant speed of 35 m/s as it is driving on a circular race track, is the car accelerating?
II. Free Fall – We say an object is in free fall when its motion is controlled by gravity.
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[image: image21.emf]  In the picture to the right, a ball is thrown upward with some initial velocity.  As it goes up, its speed decreases until it instantaneously becomes zero at the top.  Then it speeds up as it falls back down.  If “up” has been defined as positive, then the balls velocity is:

· positive as it moves upward slowing down;

· becomes zero at the top

· negative as it moves downward gaining speed 
BUT, the ball’s acceleration has the same negative value at all positions!  
Try it using the formula!!          
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Ex:  initial speed going up is 40 m/s and it travels upward for 4 seconds and stops momentarily then falls for 4 seconds and reaches a final speed of 40 m/s.  Using the signs for up and down motion (given above), calculate the average acceleration for each part of the trip, then the average acceleration for the total trip. 

This acceleration is also present at the top EVEN WHEN the instantaneous speed is ZERO! This acceleration is due to gravity and (when “a” is this special case, due to gravity – we label it “g” and call it “free fall” acceleration).  Gravity does not take a holiday just because the object reached the top of its trajectory!
· On Earth, g = 32 ft/s2   =  32 Feet per second each second.  This is the same as 9.81 meters per second each second (that is or 9.81 m/s2 (we regularly round it to 10 m/s2 to make calculations easier).  Do not use values in feet unless you are specifically asked to do so!!
Example #2:  A heavy steel ball is dropped from the top of a cliff.  If it falls straight downward, is the ball accelerating?    
What is the initial speed of the ball?                

Neglecting air resistance…How fast will it be traveling after 1, 2, and 5 seconds?   
How high is the cliff if the ball hits the bottom in 5 seconds?   Vertical displacement can be thought of as ∆y or it can be treated like any other displacement.  So the vertical displacement can be found using the formulas on the last page of these notes. 
[image: image6.wmf]t

v

x

average

´

=

D

[image: image3.jpg]LETS SEE. 50 FEFT UR
ACCELERAT/ON OF GRAVITY IS
322 FEET/SECR... WHICH MEANS.
741 BE GOING 87 MILES
AN HOUR WHEN T

AT THE POOLYS] ]

Therearsmnesumenbemgavmuatphysbs
can be a definite drawback.




                    

· In the absence of air resistance, all objects, regardless of their mass or volume, dropped near the surface of a planet fall with the same constant acceleration. 
·  Look at the picture above.  The feather and the apple in a vacuum chamber fall at the same rate! 
· In the presence of air resistance, objects dropped will initially accelerate at g and then the acceleration will decrease to zero once terminal velocity is reached.  Does this mean that it slows down?
See the kinematic formulas (last page of these notes) for use in these examples.  Be sure to compare these formulas to the official formula sheet that you will get on the chapter tests and the EOC.
Example # 3:    A rocket traveling at 88.0 m/s is accelerated uniformly to 132. m/s over a 15.0 s interval.  What is the displacement during this time?   

Example # 4:  A flowerpot falls from rest on a windowsill 25.0 m above the sidewalk.

a. How fast is the flowerpot moving when it strikes the ground?

b. How much time does a bug on the sidewalk below have to move out of the way before the flowerpot hits the ground or the bug?
III. Graphs of Motion

· Relationship between displacement vs. time graph, velocity vs. time graph, and acceleration vs. time graph
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Example #5: The graph below shows position as a function of time for two trains running on parallel tracks.  Which is true?
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1. At time tB, both trains have the same speed.

2. Both trains speed up all the time.

3. Both trains have the same speed at some time before tB.

4. Both trains have the same acceleration at some time before tB.

Simple  Kinematic Formulas

(For cases where the object starts from rest; in other words, the initial velocity is 0.)
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        200mi = 50mi/hr X 4hrs.  50mi/hr must be the average velocity for the whole trip.  Do not use this formula for instantaneous velocity or to try to find a velocity at a particular moment.

*******************************************************************************************
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    Use this formula to find the velocity at a particular moment (instantaneous

              velocity), the acceleration, or the time if the other terms are known.
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            Use this to find acceleration, the change in velocity, or the elapsed time if the

   other terms are known.
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          Use this to find the displacement (change in position,) the

           acceleration, or the time when the other terms are known.
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General  Kinematic Formulas:  The Big Three Formulas for uniformly accelerated motion
{The formulas below are general.  If the object starts from rest then the initial velocity is 0 and the formulas may be simplified to the forms above.}
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           Use this to find the final velocity, the original velocity, the acceleration, or the

           elapsed time when the other terms are known. 
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        Use this to find the final velocity, the original velocity, the acceleration, or the

        displacement when the other terms are known.
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    Use this to find the displacement, the original velocity, the elapsed time, or the 

    acceleration when the other terms are known.
Physics HW probs Ch.2:  P 69-73 #’s  16-19, 21, 23, 30, 32, 34, 34, 38, and 42.
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