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When an object is released in space and falls to the surface of the earth, the motion of this
falling object is called free fall motion. This motion is governed by Newton’s second
law of motion which states that F =ma where F is the sum of the forces acting on the
object, m is the mass of the object, and a is the acceleration of the object.

As the object is falling, there are two forces which affect its motion: air resistance and
gravity. Air resistance is too mathematically complicated for a first year calculus student
to handle so in this introduction to free fall motion air resistance will be ignored.

However, gravity is something we can deal with. The gravitational force acting on the
object is —mg, where g is the acceleration due to gravity. (The minus sign is there

because this is a downward force.) Near the surface of the earth, g =32 ft/s* =9.8 m/s’.

Since we are assuming that gravity is the only force acting on the object, F =ma=-mg.
Thus the acceleration of the free falling object is a=—g . Even though this acceleration
is constant, it is still a function of time. So it would be better to write it as:

a(t)=—g where g =32 ft/s* =9.8 m/s*.

Since a(t) =V'(t), we see that v(t) = Ia(t) dt = I—g dt =—gt+C. Evaluating this at
time t=0, we seethat C =v,, the initial velocity of the object. Hence velocity is:

v(t) =—-gt+v,.

And since v(t) =s'(t) where s(t) is the distance of the object from the earth at time t, we
see that s(t) :I(—gt +V,)dt = -1 gt* +v,t+ D. Evaluating this attime t=0 shows us

that the constant of integration is D = s;, the initial distance of the object from the
ground. Hence the distance function is:

s(t)y=1gt* +v,t+5,.



But you don’t have to memorize these three equations in order to solve free fall problems.
All you need to know is the acceleration due to gravity. The rest can be found by
integrating. In fact, if you are going to solve many free fall problems you can create and
save an eActivity that does the integrating for you. Here’s how:

e  Startanew eActivity. _ _
M File Edit Insert Action |
e  Add instructions such as the first three lines in the figure E'EH@H-

at the r|ght (Optlonal) Formulas for welocity and

dist. from the ground:

. Define the velocity and distance functions as shown at Define vCEd=figyatd
the right Define sCEy=l(vird ei+h

done

=  The Define command is housed in the Catalog.
To place it on the screen:

¢  Tap (on the soft Keyboard. e e EE

¢  Select Cmd from the Form drop down menu  peme— Farm
on the right. berauttbonp " [Emd L]
o  Tap the letter D at the bottom of the screen,  [pelfziser
LispLfrThbl ||

¢  Tap the Define command in the left column.
¢  Tap INPUT in the column on the right.

m  Use the O keyboard to enter the letters v
(for velocity) and s (for distance). Use the
VAR submenu on the 9 menu of the Soft
keyboard to enter the variables t, g, i, and
h.

e  Add instructions such as those in the figure at the right for using the eActivity.
This is optional, but highly recommended so that when  [use the tain widow

below to make wour

you use the eActivity at a later date you'll know how to  |zalcutations by stering

appropriate walues in

use |t 7 = acceleration dus
to aravity
R . . . £ = initial welocity
e  Opena Main Window in which to do your work. To do £ = iitial height
. i . . and then evaluating wiz?
this tap Insert and then tap Main. This is optional but and/or s(£) at time #.
useful if you want to solve several free fall problems. To sclve another problem

open another MMain window
and repeat the process,

. Save the eActivity for future use. To do this, tap the | e
eActivity screen, tap File on the Menu bar, and then tap =
Save in the drop down menu. Then enter the name of the
eActivity and tap Save.

e  To use this eActivity in the future, simply select eActivity from the Main menu,
tap File/Open, and select the file you just saved.



Example: The first figure shows the [Ferry Frob. )] e -
eActivity with the solution to the A penny is dropped from B3

. _ . . . 5}
problem displayed in its Main window. | 2200 52 Jref e SS3h .
The second figure shows the Main =peed does it hit the solve(s(£3=0,23 [£30
window expanded to fill the screen. [e= )
(To expand the Main window, tap ron ~ [**% 1 R T
the Icon panel. To return to the split i : =

; ; ; i 5550
window displaying both the eActivity =5 .
H H H solvels(E =G, | &0

and the Main window, tap r again.) =R I

CAUTION: If you have stored a value in one of the letters g, i, or h and then at a later
time you want to use that letter as a variable instead a constant containing its stored
value, you must delete that letter from the Variable Manager in the eActivity. For
example, when you worked the Penny Problem (above example) you turned h into a
constant by storing a value in it. But when you then want to solve a free fall problem
where you need to find the initial height h (such as in the first exercise below), you must
turn h back into a variable by deleting it from the Variable Manager. Doing such will not
effect any work you’ve already done, such as the solution to the Penny Problem. Here’s
how you delete a variable such as h from the Variable Manager:

. . [ =4 Edit Action Interactive ]
e  Tap Oon the Menu bar. Tap Settings and then tap Variable '

e Windous
Man ager Vimdoes P k '

Edit Wiew A1l Search
Current: [eAct I-1

e  Tap eAct two times to display the variables for this eActivity. g sefE—"w=x

H_main RETE

Variable Manager E3

Edit “iews ALl

e  Tap the letter you want to delete to highlight it, as illustrated at
the right for the letter h.

e  Tap Edit on the Menu bar and then tap Delete.

e When the Delete window appears, tap OK.

e  Then tap Close at the bottom of the first and second screens.

Exercises:

1. How many feet high is the highest point on the rim of the Grand Canyon if it takes 18
seconds for a rock dropped from this point to hit the ground?

2. Find the acceleration due to gravity on the moon given that it takes 20 seconds for a
stone dropped from a height of 320 meters to land on the moon.

3. A ball is thrown upward from a height of 6 feet at 60 feet per second. How high does
the ball go?
Solutions:



1. 5184 feet

|I3raru:| Canyon Prob.

Hows rmany feet high is
the highest point on the
rimm of the Grand Canyon
if it takes 12 = for a
rock dropped from this
point to hit the ground?

Eras
3z
B3
1]
solvels(Fr=0, | =12
{h=51842
I
-
3. 62.25 feet
[Ball Prob.

A ball is thrown upward
from a height of & ft at
&8 ftf=. How high does
the ball gao?

e -

az
GEFE

[=15]
=g

solvetw(Fi=8,F2 |8

{=13}

| Fenry Prob. |¥"§?|

A penny i= dropped from
a window 55 feet above
the ground. At what
speed does it hit the
ground?

Grand Carwon Prob. 45|

Hows rmany feet high is
the highest point on the
rimm of the Grand Canyon
if it takes 12 = for a
rock dropped from this
point to hit the ground?

1.6 meters per sec.

| Moon Prob.

Find the accel. dus to
gravity on the moon
given that it takes 28 =
for a stone dropped
from a height of 328 m
to land on the moon.

SEX) )
5]
femisEy Y
3z
solvels(Ei=H, gl | #=20
{a=1.63
[u]
-
ZZvg -
32
EEE
=15
23
&

solveCw(FI=8, 2|8

(%)

62,25

15

Ecrx| t=?

A

Comment to teachers: Should you desire to write this up as an eActivity assignment
for your students, the example and exercises would look like:

Moon Prob. |J£g7|

Find the accel. dus to
gravity on the moon
given that it takes 28 =
for a stone dropped
fram a height of 328 m
to land on the moon.

Eall Frob. |25

A ball iz thrown upward
from a height of & ft at
&8 fts=. How high does
the ball go?




