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Memorandum –Activity M05: Acceleration of a Falling Object
To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 05 Nov. 2017 AD

Greetings,

Congratulations on the great effort to test the planetary mapping procedure.

A problem has surfaced. The Space Agency needs your help in solving it. I know we can count on your team to do a superb job.
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The landing system for the prototype spacecraft failed its first test. Similar to the Mars Pathfinder Lander, our spacecraft is designed to drop from its descent module and then bounce on the surface several times after initial impact. 

The design engineers who tested the prototype spacecraft discovered hairline fractures in the fuselage after the test. They determined that the fractures are due to the stress of impact on landing. 

We need you to determine the acceleration of the spacecraft as it is falling, and the acceleration of the spacecraft due to the landing and bouncing.

While the spacecraft is descending through the vacuum of space, the only force acting on it is the force of gravity. For a spacecraft near a planet, the acceleration is virtually a constant value.

When the spacecraft hits the planet, it undergoes a very large, very fast change in its velocity. This usually means that the acceleration is many times greater than the acceleration during the descent. However, this large acceleration lasts for a very short time. We need you to measure the acceleration.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas, but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.

Please submit your reports to the project manager so the manager can forward them to me. I know you will put in your best work on this important task.

Good luck.

Yours,

Joe Venus
Space Agency Administrator

Procedure Outline – Activity M05: Acceleration of a Falling Object
[image: image5.wmf]This is a LAB activity. 

Equipment Needed
Qty
Equipment Needed
Qty

Motion Sensor (CI-6529)
1
Meter stick
1

Ball (hard rubber)
1
Level (optional)
1

Base & Support Rod (ME-9355)
1



VOCABULARY
free fall
gravity

What Do You Think?

What is the acceleration of a falling object near the surface of a planet? What is the acceleration of the object when it bounces on the surface?

[image: image6..pict]Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

When the Mars Pathfinder Lander spacecraft landed on Mars, it dropped from its descent module and bounced several times after hitting the surface. Over twenty-two centuries ago, a Greek philosopher and scientist named Aristotle proposed that there is a natural force that causes heavy objects to fall toward the center of a planet such as earth. He called this force gravity. In the seventeenth century, the English scientist Isaac Newton was able to show that gravity is a universal force that extends beyond earth. It is the force that causes the moon to orbit the earth and the earth and other planets to orbit the Sun. 

When an object is in free fall, it means that the only force acting on it is the force of gravity. As an object falls freely, it accelerates. This means that its velocity changes. For a falling object near the surface of a planet, the rate of change of velocity is a constant value known as the “acceleration due to gravity”. 

When the object hits a surface, its velocity changes dramatically! The acceleration is usually much greater than the acceleration due to gravity. 

Use a Motion Sensor to measure the motion of a falling ball before, during, and after it hits a surface and bounces. You can plot the motion of the ball to find the value of the acceleration due to gravity, and the value of the acceleration during each bounce.
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NOTE: See the Procedure Outline in Activity M04 - Map a Planetary Surface for information about the Motion Sensor.

The program uses a default value for the speed of sound (about 344 meters per second)to compute the distance to the object as follows:


[image: image4.wmf]
The speed of sound through air depends on several factors, including the temperature of the air. Because the temperature of air can change, the speed of sound can change. You will calibrate the Motion Sensor so the program can accurately compute the distance to an object.

SAFETY REMINDERS: Follow directions for using the equipment.

Procedure Outline
[ √ ]
Remember, for more detailed information see Appendix B.

[image: image7..pict]In this activity, calibrate the Motion Sensor and then use the sensor to measure the motion of a falling ball. The ScienceWorkshop program records and displays the position and velocity of the ball as it falls, hits a surface, and bounces.

[   ]
A. Set Up the Equipment

[image: image8..pict]1.
Mount the Motion Sensor on the support rod. Place the sensor near the edge of a table, and turn the sensor so it is aimed at the floor. 

•
Make sure that the floor is level. If it is not, put a hard flat surface on the floor and put pieces of paper or shims under the edges of the hard flat surface to level it.

2.
Adjust the Motion Sensor so it is exactly 1 meter above the floor or flat, hard surface.

•
Remove the meter stick after you’ve used it to measure the distance from the sensor to the floor.

[   ]
B. Set Up the Equipment

1.
Connect the sensor to the interface.

2.
Start DataStudio or ScienceWorkshop and open the file as follows:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

M05 Falling Object.DS
M05 Free Fall & Bounce
M05_BOUN.SWS

 [   ]
Pre-Lab: Calibrate the Motion Sensor

1.
Calibrate the Motion Sensor before you use it to measure the motion of the falling ball.

NOTE: See Appendix B for more information about how to calibrate the sensor.

[   ]
C. Do the Experiment 
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1.
Adjust the position of the Motion Sensor on the support rod so that there is 1.5 meters between the Motion Sensor and the floor. 

2.
Hold the ball between your finger and thumb under the Motion Sensor no closer than 15 cm (about 6 inches) below the Motion Sensor. 

3.
Begin data recording and then drop the ball. Let the ball bounce several times. 

•
NOTE: Be sure to move your hand out of the way as soon as you release the ball.


4.
After the ball has bounced several times on the floor, stop the data recording. 

[   ]
D. Analyze the Data

1.
Use the Graph display to determine the acceleration of the ball as it falls and also each to find the maximum acceleration each time the ball bounces.

2.
Record your data and answer the questions in the Report.

Report – Activity M05: Acceleration of a Falling Object
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NAME 
_________________________________ 

CLASS ____________________

DATE 
____________

[   ] What Do You Think?
What is the acceleration of a falling object near the surface of a planet? What is the acceleration of the object when it bounces on the surface?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

[   ] Analzyle the Data

•
The Graph display shows the position and the acceleration of the ball as it falls, and then as it bounces. 

1.
Use the ‘Smart Tool’ in DataStudio or the ‘Smart Cursor’ in ScienceWorkshop to determine the acceleration of the ball as it falls.

2.
Use the Graph display to determine the acceleration of the ball each time that it bounces.

Item
Falling
Bounce #1
Bounce #2
Bounce #3
Bounce #4

Acceleration






· 3.
Sketch the plot of position and the plot of acceleration for the ball as it falls and bounces.

 


[   ] Conclusion

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

 [   ] Questions

1.
How do your answers to the ‘What Do You Think?’ questions compare to the results?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

2.
Approximately how many times greater is the acceleration during the first bounce than the acceleration during the fall?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

3.
What happens to the amount of acceleration during each bounce?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Complete the following:

VOCABULARY

free fall:



gravity: 



Submit this report to your project manager as soon as possible so it can be forwarded to the Space Agency administrator.
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