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   FREE FALL -- a special case of general kinematics
We went to the stadium and dropped tennis balls and basketballs from a height of 
11.4 meters. The person below in each group timed the fall of the balls. We then 
applied a rearranged 2nd orange equation(

€ 

a =
2Δx
t2

) to the raw data and determined 
from class data that the acceleration due to earth’s gravity (given the symbol g) of 
the tennis ball and basketball were both approximately (to two sig figs) 10. m/s/s.  
It didn’t matter that the basketball was approximately ten times as massive as the 
tennis ball.  They both sped up at the rate of 10. m/s/s according to our class data.   

                  
In the classroom, only one significant figure was       We opted to solve this weak link problem
possible because the small Δy (2.7 m) kept the free       by walking to the stadium and dropping
fall time less than one second. Since human reaction       the balls from 11.4 meters. The increased 
time is somewhere around 0.15 sec, the recorded free        Δy got the time above one second and we  
fall time has to be listed as, say, 0.72 sec ± 0.15 sec. Since   therefore got our second siggy! Now, avg.
the true time could be anywhere from 0.57 sec up to       free fall times were around  1.49±0.15 sec  
0.87 sec, the very first digit is the first iffy so the time       which gave us a free fall acceleration of 
must be written as 0.7 sec and it limits all multiplication    a = (2Δx)/t*t = 2 (11.4 m) / (1.49)(1.49) =
or division involving time to one sig fig.  A weak link ! 10.269 ≈ 10. m/s/s  (to 2 siggies) 
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Let’s kick it up a notch . . . bring on the Blue!   It’s true that the three orange kinematics 
equations are the most general and useful equations of motion.   Orange equations have a subscript 
x on all the variables except for time of course.  Orange mirror is not limited to just horizontal 
motion, we could tilt the x axis and have the object roll down an incline or we could even use the 
orange kinematic equations to study the motion of a rocket moving in a vertical straight line. 

But . . .  when it comes to free fall, it helps to specify the orange equations and turn them blue 
(like the sky).   Free fall motion is a special subset of general kinematics where the only force that is 
causing the motion is the force of gravity.  So if I drop a basketball off the stadium and I assume 
that air drag is negligible,  I can solve for time or height or final velocity using one or two Blue 
Kinematics equations. The motion of the object does n ot even have to be downward.  It could also 
be rising like when I throw a basketball straight up in the air.  Even in that case, the basketball is 
considered in free fall.   What follows is the rather simple conversion from Orange General 
Kinematics to specific Blue Kinematics;  Replace x’s with y’s and ax with (-g). 

Orange Kinematic Equations                               Free Fall (Blue Kinematic Equations)

         vfx = vox + a x t                      vfy = voy − gt

         Δx = vox t +
1
2
a xt

2

                   Δy = voy t −
1
2
gt2    

      

        vfx
2 = vox

2 + 2axΔx                      vfy
2 = voy

2 − 2gΔy

             Free Fall version of the Quadratic Formula:     

€ 

t =
V0y ± (V0y )2 −2gΔy

g

Official acceleration magnitude due to Earth’s near surface gravity:  g = 9.81 m/s2  { = 32.2 ft/s2}

Official acceleration magnitude due to our moons’s near surface gravity: g =1.62 m/s2 {=5.32ft/s2}

Official acceleration magnitude due to our Sun’s near surface gravity:  g = 275 m/s2  {= 902 ft/s2}
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Percent Error:   When we determine numbers in an physics activity, we usually have some error in our data.  You 
will certainly not nail the exact right number according to some official table or book.  So you will have to determine 

the percent error by using the following formula:

€ 

difference between two numbers
average of the two numbers

x 100 = percent error

Example #12:  Determine the percent error  between the value of g you obtained from the stadium drop say 12.3 m/s/s 

to the actual value for g (9.81 m/s2):

€ 

12.3m / s / s−9.81m / s / s
12.3m / s / s +9.81m / s / s

2
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

•100 =
2.49m / s / s
11.05m / s / s

•100 = 22.5%           

 History Moment #3:  Galileo  & Gravity   A biography by Galileo's pupil Vincenzo Viviani stated that   
 Galileo had dropped balls of the same material, but different masses, from the Leaning Tower of Pisa to demonstrate 
 that their time of descent was independent of their mass. This was contrary to what Aristotle had taught: that 
 heavy objects fall faster than lighter ones, in direct proportion to weight. While this story has been retold in popular 
 accounts, there is no account by Galileo himself of such an experiment, and it is generally accepted by historians that 
  it was at most a thought experiment which did not actually take place. Galileo did, however, perform many 
 experiments with what he called “diluted gravity”.  He spent many weeks rolling balls down very long  specially 
 crafted wooden ramps at many different angles using his own pulse for a time keeper.  This dilution of gravity gave 
 him the time he needed to more accurately determine the relationship between distance, velocity and elapsed time 
 and therefore acceleration.  He proposed that a falling body would fall with a uniform acceleration, as long as the 
 resistance of the medium through which it was falling remained negligible. He also derived the correct kinematical 
 law for the distance traveled during a uniform acceleration starting from rest—namely, that it is proportional to the 
  square of the elapsed time ( Δy =k t 2 ).  He also concluded that objects retain their velocity  unless a force—often 
  friction—acts upon them, refuting the generally accepted Aristotelian hypothesis that objects "naturally" slow 
  down and stop unless a force acts upon them.  Galileo's Principle of Inertia stated: "A body moving on a level surface 
  will continue in the same direction at constant speed unless disturbed."  Sound familiar? 
Example #13:  If  I shoot a bullet straight up out of my pistol with a muzzle velocity of 350 m/s, at what time will it be 
850 m above where the bullet left the muzzle?  (assume air drag is negligible)   Looks like the 2nd  Blue  is needed 

here:   Δy = voy t −
1
2 gt

2

. We have to isolate the t which means the blue mirror quadratic formula.   So . . .  
it’s already plug and chug time: 

€ 

t =
350m / s ± (350m / s)2 −2(9.81m / s /s)(850m)

9.81m / s / s
=
350m / s ± 325m / s

9.81m / s /s
= 2.54s and 68.8s    

So it reaches 850 meters above the muzzle twice. Once on the way up and once on the way down.            
Example #14:  How  fast would you have to toss a baseball straight up (or down) in the air from the upper deck of 
Redhawk stadium so that it first rises and is later moving at 60 ft/s just before hitting the ground 35 ft below? (ignore 
air drag)   Since time is not involved. I think the third blue is the way to go:   I need to isolate the voy and then plug 

and chug       

€ 

voy
2 = v fy

2 + 2gΔy = (−60 ft / s)2 + 2(32.2 ft / s / s)(−35 ft) = 1346 ft 2 / s2    
So, voy = ±36.7 ft/s .  If I threw the ball up with that speed it would eventually hit the ground at 60 ft/s.  If I threw 
the ball down at 36.7 ft/s, it would also hit the ground at 60 ft/s, it would just get there a lot quicker.  
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Example 15: Orange Equations rather than Blue Equations:  What will be Fournier’s acceleration the first  16,400 ft of 
his fall? Why not just use Blue Equations here?  It is free fall after all, isn’t it?  Well, not really.  This is a real world 
situation with airdrag with a  11varying profile area (more on that later), updrafts, down drafts, perhaps even a jet 
stream.  Gravity is still in effect, of course, even though Fournier will be jumping from 131,200 ft.  That up there . .  25 
miles!  Actually  gravity  at 25 miles is about what it is at the surface.  Anyway, back to the problem:  We need to use 
the 3rd orange:  Let’s first solve it for ay making the approximation that vo is zero, and knowing Mach 1 = 1085 ft/s.   

€ 

ax =
v fx

2 −vox
2

2Δx
=

(1085 ft / s)2 − 0
2(114,800 ft −131,200 ft)

=
1177225 ft 2 / s2

−32,800 ft
= −35.9 ft / s / s          That answer 

seems  a little strange, huh? The maximum  g   is  32.2 ft/s/s.  I guess USA Today was a little loose with their numbers. 


