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Teacher-led Activity – Free Fall  
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Teacher-led activity - Experiments in Free Fall
This 180 tonne is the world’s most leaning tower at 15 degrees.  The tower has 222 steps to the highest observation platform at 40m and to the roof is 45m.
The Leaning Tower of Gingin at the Gravity Discovery Centre

Introduction

Galileo was a student in Pisa about 440 years ago. Before Galileo everybody believed that things fall faster if they are heavier. This is what the ancient Greek philosopher Aristotle had said in about 350BC and everybody believed him.  Galileo was the first person to say "Let’s not just believe what the ancients told us. Let’s try it out."

As a student Galileo probably dropped things off the Leaning Tower ... who could resist the temptation!  What might he have dropped? Apples, melons, stones, blocks of wood, bricks? No one knows because he didn't tell anyone. This is what he did say: "If you were to drop two weights from the Leaning Tower of Pisa and if they landed within 2 fingers widths of each other, then would you still believe what the ancient philosophers said”?  Most people think he must have done the experiment, and observed that two weights hit the ground with one of them no more than two fingers widths in front of the other. 

 

Today we know that Galileo was right. Everything does fall at the same speed except for wind resistance. Space satellites are falling in a circle, and astronauts float around freely inside the Space Station because they are falling at the same speed as the space station. 

The question for the class is this: Did Galileo actually do the experiment?  Was Galileo telling the truth? This is for the class to determine. All you have to do is drop pairs of water balloons and see by eye, and later in the video if they were "two fingers widths apart" when they hit the ground. If they are not so close the kids should ask why not.

Description

This module allows students to repeat Galileo’s famous experiments from the Leaning Tower of Pisa. Students will learn how experiment was used to question writings in ancient books and will themselves be able to question whether Galileo was himself telling the whole truth. They will drop big water balloons, and see craters being formed.

Module Management

· Divide class into groups. (We recommend maximum of 15 students at the top at any one time.) 

· One group remains at the bottom with a teacher as the observer group.  The other group ascends with another teacher with their water balloons.

· At the top, students drop balloons in pairs or threes.

· At the bottom, the observer group is responsible for recording observations by eye, stopwatch and/or with digital cameras.

· At the end the groups swap.

Safety

· ONLY water balloons to be dropped through the drop chutes at the top. 

· Do not THROW balloons

· If anything is dropped or thrown, the tower will be evacuated.

· The teacher is to ensure the drop zone is closed and clear and that students stay on stairs
· Ensure tower participants are comfortable with heights 
· Only drop balloons after a loud countdown by adult leader at the top of tower. This is necessary to prepare Observers to be watching, and for others to be prepared for the impact THUMP! 
Points for Observer Group 
· Observers need to record the vertical distance between one mass compared with the other. Listen for the double thump when one mass is ahead of the other. 

· Students should have recording sheets. For each experiment estimate and record the spacing between the first and last balloon. A background measuring pole allows estimation.

· Recording with Digital Cameras: Free fall can be recorded by eye as Galileo presumably did (see above what Galileo actually said) or with digital cameras (ideally taking short videos).    Note: Watching can be quite difficult as it all happens very fast. You may need to take a few videos to get a good one. It is best if the camera has a sports/action setting for fast moving objects. 

Suggestions for Possible Experiments/Investigations

1. Power of the ‘Human Engine’.

Weigh each student plus water balloon. 
Gravitational potential energy is given by: 
Mgh = Mass (g) x gravitational acceleration x height 
Mass x 9.8m/s2 x height (m)
Height to top platform is 40meters. Therefore: 

Mgh = Mass (student weight) x 9.8m/s2 x 40m

Each student is to have a stop watch to time their ascent.  
The average power expended:
Mgh / time (in seconds)

After experiments are completed calculate student power in watts. 

2. Gravitational Potential Energy and Kinetic Energy. 

Weigh each water balloon. Calculate kinetic energy at impact assuming no wind resistance…this is just equal to the gravitational potential energy of the balloon 
Mass (balloon) x 9.8 x 40m

Use this information when studying crater formation.

3. Air resistance investigation

Do big balloons or small balloons fall fastest? Why? 

Discussion: Introduce concept of surface to mass ratio. Air resistance is proportional to surface area.  Volume determines the mass. Surface to mass ratio gets LARGER as balloons get smaller because area is proportional to R2 and mass is proportional to R3. 

There are two ways of doing this experiment. 

Use different sized balloons. Try sizes from tennis ball size to bowling ball size. Link these with cratering experiments (see below). Do experiments in pairs with different sized balloons.

Use same sized balloons with different masses. Add air to balloons so they all have the same size but different masses.

You might expect that the two ways of getting the same surface to mass ratio will be equivalent and that balloons with the same surface to mass ratio but different mass will fall at the same speed.

4. Was Galileo Telling the Truth? (Human reflex experiments)

For this experiment you will need identical balloons. Either one person drops two balloons, one down each tube, or a team of two or three all drop when a leader calls start. The differences seen by the observers are a measure of differences in human reflex times. 
Questions to answer: Are there systematic differences in reflex time between left and right hands? Are the differences between hands larger or smaller than the differences between people? Was Galileo telling the truth about experiments he might have done.

5. Impact Craters.  

ALERT! Ensure the sand is raked smooth before anyone climbs the tower. DO NOT ENTER DROP ZONE IF ANYONE IS UP THE TOWER!

During the experiment you can photograph the craters from outside the safety fence or tower level 1.

After everyone has left the tower, a few class members may enter the drop zone and measure craters with a tape measure. Note that this means you can only measure three fresh craters.

Find the relationship between balloon impact energy and crater size. Is the amount of sand moved proportional to energy?
Can you estimate crater size and mass of sand moved for a dinosaur-killing 5km-diameter asteroid travelling at 70km per second. 
(Use 1/2mv2 for the kinetic energy; assume the density was 3000kgm-3)

6. Water projectiles

Schools may bring objects to be placed in the drop zone to determine the power of water as a projectile. Eg: plywood, cardboard, pallet timber.

Estimations could include: comparison of water balloon energy compared with a bullet, or a hammer impact.

7. Gravitational Acceleration

There are at least three ways to do this. In all cases think about the effect of air resistance. 

Video frame analysis.  This involves frame by frame analysis of a video of free fall measured from a large distance away, using the tower as a measuring stick. Estimate average velocity between floors. A camera operating at 25 frames per second gives about 70 frames that can be analysed using standard video editing software. 
Key formula:  Velocity2 = 2 x acceleration x distance

v2=2as
Stopwatch method.

Time the drop. Think about reflex time errors. 

Key formula: 
s = ½ x a x t2
Velocity at Impact 

Measure velocity just before impact from a digital video taken beside the drop zone. 
Key formula: 

v2 = 2as
8. Water Barometer

The tower is a good venue for making a water barometer. The idea: fill a clear poly pipe full of water and seal it at the top. Carry the end up the tower. At some point the weight of water will exceed the air pressure which acts to drive the water p the pipe, and a vacuum will be created at the top. The height is about 10m. Does it depend on pipe diameter, or the height the end is lifted to.

9. Holey Cup Free Fall Investigation

If you have a polystyrene cup with a hole in the bottom, does the water fall out as it falls?
Compare cups with different depths of water, with and without holes. Discuss beforehand and make predictions.

10. Water Blob free fall Investigation

Work out how to release a roughly spherical blob of water. What will happen to it as it falls?
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