Chapter 9 Activity
Freefall Time and Speed

Calculating freefall time and speed is part of the science of physics.  Modern physics is a mathematical science that uses mathematical formulas to predict how things act in nature, such as how long it takes to fall or how fast something is moving when it strikes the ground.  The part of physics that deals with objects in motion is called kinematics, in its modern form, it was developed by Galileo in the 1630’s and perfected by Isaac Newton in the 1760’s.  Scientists still use the ideas of Galileo and Newton today to predict how an airplane will fly or how to aim a spaceship to successfully reach another planet.

In the story, Maurice manages to jump 24 feet, 11 inches to qualify for the track team.  Lets see how physics uses mathematical equations to find out how long Maurice’s jump takes and how fast he hits the ground.

This activity is intended to take students step-by-step through an advanced mathematical analysis of free fall.  Although the formula looks complex, it is really made up of a series of simple steps that are easy to understand if you break them down and tackle them one at a time.  Some students will need more coaching than others here, working in teams can be useful.
1. The first step is to convert the distance into meters.  While some sports still use English measurements, all scientific measurements are done in metric units.  To convert into meters, first change the distance into inches.

24 feet  =  ______ inches  +  11 inches  =   ________ inches total.

2. Next, to get meters, divide the total inches of Maurice’s jump by 39.37, this will give you meters.

________ inches  ÷  39.37  =  ________ meters.

3. Isaac Newton’s formula for falling time is listed below.  It may look complex, but it really isn’t hard if we do this one step at a time!  All Newton says is: ‘multiply the height by two, then divide by the acceleration of gravity.  Then take the square root of your answer to get the time to fall any distance.’
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Emphasize to the students that mathematics is a language that uses pictures to tell a story.  The formula is a picture that tells us how to find the time it takes to fall a certain distance and gives us the exact steps to perform in a precise order – and guarantees us an accurate answer if we follow the instructions correctly!
4. Start by multiplying Maurice’s height in meters by 2.  Easy, right?  Now divide your answer by 1.6 – on the Moon, everything falls at 1.6 meters per second per second.  

5. The last step is easy, find the square root of your last answer.  You can use a calculator to help you.  Enter your number, then press the square root key.  It usually looks like this: 
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You can choose to have students use calculators or work the problem out by hand.  Finding square roots is simply a matter of trial and error (successive approximations), finding out what number, multiplied by itself, gives a given answer.
6. Now the last step.  Newton’s formula is for falling time, and as they say, what goes up must-come down!  It takes the same amount of time to rise to the highest point of a parabola as it does to fall back down to the surface again.  Since the time going up and the time going down are the same, the total time in the air, is twice the falling time.  We must multiply our last answer by two to find Maurice’s total jumping time.
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7. We can also use physics to figure out how fast Maurice is moving when he hits the ground from that height.  Once again, we will rely upon the equations of Isaac Newton to guide us!
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Use what students have learned to take them through this second formula.  It is far more important to take students step by step at a pace they understand, than to hurry them through the problem.  Recap after each step and keep relating the progress back to the original formula to show how an equation is used as a roadmap to find a desired answer!
8. Once again, we will take the equation by parts to make our job easier.  Begin by multiplying the Lunar gravity by two (1.6 m/s2   x   2   =   ?)

9. Next, multiply your last answer by Maurice’s maximum height in meters.  You figured this out earlier and you can use the same number again.  Once you have this answer, use a calculator to find the square root of your last answer.

10. Now try the calculation again, but this time, use Earth gravity, which is 9.8 m/s2, six times larger!  You will find that Maurice lands moving 2.5 times faster!

This last step is optional, but it is also an excellent confidence builder.  Applying now familiar skills to a new problem is a great confidence builder.
