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Memorandum –Activity M04: Map a Planetary Surface
To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 30 Oct. 2017 AD

Greetings,

Your work in determining the spacecraft surface was outstanding. The project manager forwarded the reports to me, and I sent a summary of your valuable results to the design team. Thanks again. 
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We are ready to tackle a new part of the project. The next few tasks all deal with planning the very difficult entry, descent, and landing phase of our mission to another world. 

The first task is to test a method for mapping a planetary surface. A map of a planet’s surface is essential in determining where to land our spacecraft. 

The flight director intends to use a type of altimeter that is similar to the one on the Mars Pathfinder Lander. The altimeter determines the distance from the spacecraft to the planet’s surface as the spacecraft orbits the planet.

As the spacecraft maintains a constant speed in a circular orbit, the altimeter device sends pulses of ultrasound down to the surface and records the echoes that bounce back from the terrain below. The on-board computer calculates the relative distance from the spacecraft to the surface features.

A plot of the relative distances can give us a good idea of the roughness of the surface.

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 look forward to reading them. I will give your results on planetary mapping to the flight director and other project planners.

Your hard work is appreciated. Good luck.

Yours,

Joe Venus
Space Agency Administrator
Procedure Outline – Activity M04: Map a Planetary Surface
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Equipment Needed
Qty
Other
Qty

ScienceWorkshop™ 500 Interface
1
Miscellaneous objects
4-5

Motion Sensor (CI-6742)
1
Tape measure (optional)
1

VOCABULARY
altimeter
altitude
elevation
terrain

What Do You Think?
How can a Motion Sensor be used to map the elevation of the surface features of a planet?

[image: image5..pict]Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

The Mars Pathfinder spacecraft used a laser altimeter to determine its height (altitude) above the surface of the planet Mars. A similar type of instrument on board the Mission to Other Worlds spacecraft will measure the altitude of surface features as the spacecraft orbits the planet it visits. Both instruments use a method of distance measurement that is somewhat like the distance measurement method used by the Motion Sensor and the ScienceWorkshop interface.

[image: image6..pict]About the Motion Sensor

The Motion Sensor sends out a burst of ultrasonic pulses and senses the echoes of ultrasound that bounce back from objects in front of it. 

The software program records the round-trip time and calculates the distance to the object. 

You can plot the distance to an object on a graph. If the Motion Sensor is used to measure the distance from the sensor to the features on a model planetary surface, the plot of distance on the graph is a map of the elevation of the surface features on the planet. 

When a spacecraft in orbit around a planet measures the elevation of surface features, the spacecraft maintains a nearly circular orbit. This insures that the spacecraft is at a constant distance from the center of the planet, and moves with a constant speed. The challenge in this activity is to carry the Motion Sensor along a straight line at a constant speed.

This is a LAB activity. You will use the ScienceWorkshop 500 Interface for data logging.

SAFETY REMINDERS
· Follow directions carefully when using the equipment for this activity. 
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Remember, for more detailed information see Appendix B.
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In this activity, carry the Motion Sensor and the ScienceWorkshop 500 Interface along a straight line at a constant speed over a model of a planetary surface. Use the sensor to measure the distance for each feature on the surface below it. 
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A. Set Up the Equipment

Create a model “planetary” surface using chairs, books, tables (even people) arranged in a row on a flat horizontal surface. Make sure that the person carrying the Motion Sensor can move through the landscape in such a way that the Motion Sensor can measure the distance from itself to the “features” on the surface.


[   ]
B. Set Up the Experiment

Use the ScienceWorkshop 500 Interface to record data with the interface disconnected from the computer. You can program the interface while it is connected to the computer, disconnect the interface and go collect data, and then re-connect the interface to the computer to analyze your data. 

See Appendix C about using the ScienceWorkshop 500 Interface for “data logging”

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


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

M04 Map a Planet.DS
M04 Map a Planet
M04_MAP.SWS

•
The file opens with a Graph display. The file has a pre-made calculation for distance from the sensor to the planetary “surface”.

2.
In the program, prepare the interface to be disconnected for data logging. (See Appendix C.) Then disconnect the interface from the computer and power supply.
[   ]
C. Do the Experiment

1.
Carry the interface and Motion Sensor to the edge of the “planet”. Hold the Motion Sensor about 1.5 meters (5 feet) above the floor. Turn the sensor so it faces the floor. 

2.
Press the LOG button on the interface to “wake” the interface and begin recording data.

•
The green light-emitting diode (LED) will blink once per second for ten seconds while the interface gets ready to record data. Recording starts when the green LED blinks rapidly. 

3.
Move at a slow, constant speed so the Motion Sensor can record the distance between it and the features of the “planet”. 

4.
When you reach the end of the landscape, press the LOG button again to stop recording data and return the interface to “sleep” mode. (The green LED blink once every five seconds.)

[   ]
D. ANALYZE THE DATA

1.
Reconnect the interface to the power supply and computer. Download the data from the interface to the computer. (See Appendix C.)

2.
Use the Graph display to find the minimum, maximum, and mean values for the distances to the planet’s surface features. Record your results and answer the questions in the Report.

 Report – Activity M04: Map a Planetary Surface
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NAME 
_________________________________ 

CLASS ____________________

DATE 
____________

[   ] What Do You Think?
How can a Motion Sensor be used to map the elevation of the surface features of a planet?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

 [   ] Analyze the Data

1.
Use the Graph display in to see how much the distance from the sensor to the planetary “surface” changes as the Motion Sensor is carried over the “surface” along a straight line at constant speed. [Refer to Appendix B for more information about using the Statistics that are part of the Graph display.] Record the results.

Item
Minimum
Maximum
Mean

Distance 
0.40 m
2.10 m
0.61 m

2.
Sketch the terrain of your planetary “surface”.




[   ] Question

1.
How can a Motion Sensor be used to map the elevation of the surface features of a planet?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Complete the following:

VOCABULARY

altimeter:



altitude: 


elevation:



terrain: 



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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