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Memorandum –Activity M06: Design Landing Bags
To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 09 Nov. 2017 AD

Greetings,

Thanks to your work on measuring the acceleration during free fall, the Mission to Other Worlds project is back on schedule. Good job. The design engineers have made progress in changing the prototype spacecraft.
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The re-designed landing system for the spacecraft is similar to the landing bag system for the Mars Pathfinder. After a free fall through the atmosphere, the descent module and its contents will be cushioned at impact by an array of gas bags that surround the vehicle. 

To avoid damage to the descent module, the gas bags surrounding it must not compress to the point where the body of the landing craft hits the surface. There must always be a cushion of air between the craft and the planet’s surface, even at the point of highest impact.

The engineers designing the gas bags would like you to investigate the relationship between the pressure and volume of gases so they can design the gas bag array safely. You need to do a little research into Boyle’s Law.

Basically, Boyle’s Law is a description of what happens to the pressure of a gas when its volume is changed and vice versa.



We need you to carefully measure the change in pressure in a chamber filled with air as the volume of the air is physically altered. We hope that you can graph your data and determine the relationship between the volume and pressure. 

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.

Yours,

Joe Venus
Space Agency Administrator
Procedure Outline – Activity M06: Design Landing Bags
This is a LAB activity. 
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Equipment Needed
Qty
Equipment Needed
Qty

Pressure Sensor - Absolute (CI-6532)
1
Syringe (included with sensor)
1

Plastic tubing (included with sensor)
2.5 cm
Consumables
Qty

Quick-release connector (included)
1
Glycerin
1 mL

VOCABULARY
pressure
tetrahedron
volume

What Do You Think?

What is the relationship between the pressure of a gas and the volume of the gas when the volume of the gas is changed by an outside force?

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

Background

When the Mars Pathfinder spacecraft landed on Mars on July 4, 1997, the tetrahedron shaped lander was protected during impact by circular gas bags mounted on the four exterior surfaces. These gas bags were inflated just moments before the spacecraft hit the surface of Mars.

[image: image7..pict]Robert Boyle was an English scientist who lived at the same time as Isaac Newton. Boyle discovered that when a gas is inside a container such as a cylinder and a piston moves up or down in the cylinder to change the volume of the gas, something also happens to the pressure of the gas.


If the volume increases, the pressure decreases. If the volume decreases, the pressure increases. Boyle’s Law states that for a given amount of a gas at a fixed temperature the pressure of the gas is inversely proportional to the volume.

SAFETY REMINDERS: Follow directions for using the equipment.

Procedure Outline
[ √ ]
Remember, for more detailed information see Appendix B.
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In this activity, use the Pressure Sensor to measure the change in pressure inside a syringe as the piston is pushed into the syringe. As the volume changes, you will type in the amount of volume at each point as the piston is pushed farther into the syringe. The program records and displays the pressure and volume data. Use the Graph display to figure out the relationship of pressure and volume.

[   ]
A. Set Up the Equipment

1.
Put a drop of glycerin on the barb end of a quick release coupling. Put the end of the coupling into one end of a short piece (about 2.5 cm) of plastic tubing that comes with the Pressure Sensor. 

[image: image9..pict]2.
Put a drop of glycerin on the end of the syringe. Connect the end of the syringe to the other end of the small piece of plastic tubing. 

[image: image10..pict]3.
Align the quick-release coupling on one end of the plastic tubing with the pressure port of the Pressure Sensor. Push the coupling onto the port, and then turn the coupling clockwise until it clicks (about one-eighth turn). 

[image: image11..pict]4.
Check that the syringe and Pressure Sensor have a secure seal by adjusting the volume between 20 mL and 10 mL. It should get harder to push as the volume decreases.

5.
Adjust the volume of air in the syringe to 20.0 mL. (Note: To set the initial position of the piston in the syringe, disconnect the quick-release connector from the sensor, move the piston to the first position (20 mL), and then re-connect the quick-release connector to the sensor.) 

[   ]
B. Set Up the Experiment

1.
Connect the sensor to the interface. Start DataStudio or ScienceWorkshop and open the file as follows:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

M06 Landing Bags.DS
M06 Airbags
M06_BAG.SWS

•
The file opens with a Graph display, a Table display, and a Digits display. The Graph and Table displays show the pressure and volume. The Digits display shows pressure. The data recording rate is set to one measurement per second.

•
You can use the keyboard to type in the amount of volume as you change it.

[   ]
C. Do the Experiment — Data Recording (for DataStudio)
[image: image12..pict]•
In DataStudio, the Table display shows values for the gas volume in the syringe (for example, 20, 18, 16 and so on).

1.
When everything is ready, start recording data. (Hint: In DataStudio, click ‘Start’). 

•
In DataStudio, the ‘Start’ button changes to ‘Keep’ ([image: image3.png]


) and the Table display shows the value of pressure next to the first volume (20 mL). 

[image: image13..pict][image: image14..pict]2.
Click ‘Keep’ to record the pressure. 

•
The Table display changes to show the next value of volume (18 mL).

3.
Move the piston to the 18 mL mark and click ‘Keep’ to record the pressure.

4.
Continue to move the piston to each new position and then click ‘Keep’ to record the corresponding pressure.

5.
After you record the pressure for the last volume, click ‘Stop’ ([image: image4.png]


) to end data recording.

6.
If time permits, repeat the procedure.

[   ]
C. Do the Experiment — Data Recording (for ScienceWorkshop)
1.
In ScienceWorkshop, click ‘REC’ to start recording data. 
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The Keyboard Sampling window opens.

2.
When the pressure reading stabilizes, type “20” for the volume of air in the syringe and click ‘Enter’ to record the pressure.

3.
Reduce the volume to 18 mL. Type 18 for the volume and click ‘Enter’. (Note: ScienceWorkshop will prompt you for the third volume based on the pattern of the first two volumes.) 

4.
Continue reducing the volume by 2.0 mL each time, checking the pressure, and entering the new volume until your last entered volume is 10.0 mL. 

5.
After you enter the last volume, click ‘Stop Sampling’ to end data recording. The ‘Keyboard Sampling’ window will close automatically.

6.
If time permits, repeat the procedure.

[   ]
D. Analyze the Data
1.
Set up the Graph display so you can examine the plot of Volume versus Pressure and also the plot of Inverse Volume versus Pressure. 

2.
Determine the relationship of the pressure and volume of the air. 

3.
Record your results and answers the questions in the Report.

Report – Activity M06: Design Landing Bags
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NAME 
_________________________________ 

CLASS ____________________

DATE 
____________

[   ] What Do You Think?
What is the relationship between the pressure of a gas and the volume of the gas when the volume of the gas is changed by an outside force?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

 [   ] Analyze the Data

•
The first plot on the Graph display shows the pressure and the volume of the air inside the syringe. The second plot on the Graph display shows the pressure of the air versus the inverse of the volume (1/Volume). 

1.
Examine the Graph display to determine the relationship of the pressure and the volume of the air in the syringe.

2.
Sketch the plot of Volume and the plot of 1/Volume for the air in the syringe. 


[   ] Conclusion

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

[   ] Questions

1.
How does your answer to the ‘What Do You Think?’ question compare to the results?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

2.
What happened to the pressure in the syringe as you decreased the volume of the air by pushing in the piston?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

3.
How does the shape of the plot of Volume compare to the shape of the plot of 1/Volume?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Complete the following:

VOCABULARY

pressure: 



tetrahedron: 



volume: 



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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