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Save this file into your home folder, with your name as part of the file name (Example: Hamada – GPS and Mathematics).  Answer the following questions on this document using a different font color.  You will be asked to submit this document via email.

Use the GSP file ‘Triangulation’ to complete activities 1 and 2.

Activity 1 – ‘Triangulation’ in 2D

In UNIS National Park there are 3 ranger stations A, B, and C.  Write the coordinates of each of the ranger stations below:

Ranger Station A: ____________

Ranger Station B: ____________

Ranger Station C: ____________

A tiger is loose in the national park.  Fortunately, it is wearing a radio collar.  This radio collar allows each ranger station to know how far away the tiger is from that station but does not tell each ranger the exact location of the tiger.

Ranger Station A knows that the tiger is 3 km away.  Click the button to show all the points that are 3 km away from Station A.  Fully describe the shape that is made.

Ranger Station B knows that the tiger is 5 km away.  Before you click the button, fully describe the shape that you expect to be drawn.  Were you correct?  How many points in the national park are, at the same time, 3 km from Station A and 5 km from Station B?  Estimate the coordinates of these points.

Finally, Ranger Station C learns that the tiger is 4 km away.  Where must the tiger be located?  Write it’s coordinates and explain why it must be there.

This is a process that is often incorrectly called triangulation.  Can you find the correct name for this process?  How does it differ from triangulation?

Activity 2 – The Missing Hiker

Click on the tab at the bottom of the GSP page that says ‘Missing Hiker’.  A hiker has gone missing.  Each of the three ranger stations is able to pick up his emergency beacon. 
1. Ranger Station X knows that he is approximately 12km away.  What do you know about the hiker’s possible position?

2. Ranger Station Y determines that he is about 9 km away.  Now what do you know about the hiker’s possible position?

3. Ranger Station Z knows that he is about 16km away.  What are the approximate coordinates of the hiker’s position?  
4. Should the rescue team bring dry clothes, warm clothes, or fresh water?  Use triangulation to show how you know.  Insert a screen shot from GSP as evidence.
Use the websites listed below to help you answer the following questions.  Be sure to include the proper referencing.
Activity 3 – Research how a GPS works in 3D

1. What does GPS stand for?

2. How many satellites does the GPS system use?  What do you know about those satellites?

3. What is the radius of a GPS satellite’s orbit?  How long does it take to complete one orbit of the earth?

4. Can you find a picture or diagram that illustrates the GPS satellite system?  Insert it here with a reference.

5. What is a pseudo-random code?  What is it used for?

6. Why do you need at least 3 satellites to determine your latitude and longitude?

7. Besides giving position (latitude and longitude), what else can a GPS receiver find/compute?

Websites:

The following websites may be helpful in answering the questions above.  If you use others, be sure to cite your sources
http://www.garmin.com/aboutGPS/
http://electronics.howstuffworks.com/gps.htm
http://www.pbs.org/wgbh/nova/longitude/gpsgame.html
Activity 4 – Problem Solving
Use what you have learned about how GPS works and what you already know about distance to answer the following questions.  Remember that the speed of light is 300,000 kilometers per second.

1. A GPS receiver picked up the signals from three different satellites and measured the time delay for each one. Satellite A took 0.080000 seconds, satellite B took 0.065000 seconds, and satellite C took 0.070000 seconds. What is the distance from the GPS receiver to each satellite? 
2. If the satellite and the GPS receiver are out of sync by 1/100th of a second, how far off could the distance measurement be? (HINT: Use the results from Satellite A and Satellite C from question 1 above)
3. If a satellite is 18,000 kilometers from a receiver, how long does it take for the signal to travel from the satellite to the receiver?
4. Look up the terms latitude and longitude on the Internet. Use Google Earth to find the longitude, latitude, and the altitude for each of the following.
	City
	Latitude
	Longitude
	Alt
	City
	Latitude
	Longitude
	Alt

	Hanoi, 

Vietnam
	
	
	
	Greenwich, England
	
	
	

	Beijing, 

China
	
	
	
	Honolulu, Hawaii
	
	
	

	Mt. Everest
	
	
	
	Kampala, Uganda
	
	
	

	Vatican 

City
	
	
	
	Sydney, 

Australia
	
	
	

	the South 

Pole
	
	
	
	
	
	
	


5. Plot and label the following points on an x, y, z coordinate system using Autograph.  Paste a copy of your graph here:

A(1,0,0); B(2,0,0); C(0,1,0); D(0,0,1); E(1,1,0); F(1,0,1); G(0,1,1) and H(3,3,3)

6. Draw an x, y, z coordinate system using Autograph and draw the line segments connecting each of the following sets of points:

a.  between (1,2,0) and (0,0,0);

b. between (0,1,2) and (-1,0,-2); and

c.  between (1,-2,1) and (3,3,3).

Use the 3D distance formula 
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  to calculate the length of each line segment.
7. Since a mariner traveling at sea is at sea level, only two satellites are required to determine a fix. Explain why this is true.
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