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Using a GPS Receiver to Calculate the Distance to an Object

We have studied how the Global Positioning System works by using trilateration in three dimensions.  Trilateration is when you find an exact point in space by knowing its distance from at least three other points. 

 (
A
C
B
75 m
54°
d
)Now we will use a GPS receiver to help us find the distance from a given object using triangulation.  According to Wikipedia, “triangulation is the process of finding coordinates and distance to a point by calculating the length of one side of a triangle, given measurements of angles and sides of the triangle formed by that point and two other known reference points”  (http://en.wikipedia.org/wiki/Triangulation, accessed 10/11/06).  What does that mean?



If we know that A and B are 75 meters apart and that  and , use trigonometry to calculate the distance across the river to C.  









Using Our GPS Receivers
We will need to be familiar with various functions and screens of our GPS receivers.

First, we will need to know how to mark and rename waypoints.  Marking a waypoint is like planting a flag in the ground: it will allow you to return to that exact spot, measure the distance from that exact spot, and measure the bearing to that exact spot.  In the example above, we would mark a waypoint at point A since this is one of the endpoints of the distance we want to calculate.
To mark a waypoint:
1. Press in and hold the thumbstick until the ‘Mark Waypoint’ screen appears.
2. Use the thumbstick to highlight the name field.  Press in the thumbstick and type in the new name.  Click OK.
3. To save the waypoint, use the thumbstick to highlight and click OK.

	The Navigation Screen
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Next, we will need to know how to use the electronic compass found on the Navigation Screen to find the compass bearing from A to C.  While standing at A, keep the receiver flat and point it at C.  Find the data field that says ‘Bearing’.  This will allow us to walk in a direction that is perpendicular (90° difference in compass bearing) to AC, ensuring that we have a right triangle. 








Finally, we will also need to know how to find a waypoint once it has been marked.  After marking a waypoint at A, we would use the receiver to find that waypoint, telling us the distance we have walked from A. 

[image: ]To find a waypoint:
1. Click the Find button (it is the bottom button on the left side of the receiver). 
2. Choose Waypoints with the thumbstick and click.
3. Choose Nearest and click to display the Waypoint List.
4. Choose the Waypoint you want and click to display the Waypoint Information.
5. From the Information screen, click Goto.  When  holding the receiver flat, it will show an arrow that points to waypoint you want to find.


We would once again use the electronic compass to make sure that we have walked perpendicular to AC.  We would also use the compass to find the compass bearing from B to C, allowing us to find   in our triangle.

Once we are sure how to mark a waypoint, find a waypoint, and use the electronic compass, we are ready to begin!


Note: When using the eTrex Vista, ‘Heading’ refers to the direction the receiver is facing and ‘Bearing’ refers to the direction to a specific waypoint.



From Bearings to Angle Measurements
We must remember that when using a compass for bearings, N= 0°, E = 90°, S = 180°, and W = 270°.  
To find the angle measurement from a set of bearings, we will simply subtract the two bearings making sure the answer will be positive.  It is important to remember that the bearings must originate from the same point in order for this to work!


For example, in the problem above, let’s assume the bearing from B to A was 290° and the bearing from B to C was 236°.  To find in our triangle, we would simply subtract those two numbers, making sure the answer is positive: 290° - 236° = 54°.

Examples:

 (
X
Z
Y
)Using the triangle at right, find if:

1. The bearing from X to Y is 056° and the bearing from X to Z is 123°.


2. The bearing from Y to X is 085° and the bearing from X to Z is 298°.


3. The bearing from Z to X is 315° and the bearing from Y to X is 179°.




Challenge #1
· Outside of the cafeteria, you will find a pole marked ‘A1’.  Mark a waypoint at A1 and rename it A1.  
· Send somebody in your group towards the parking lot to find another point marked ‘A3.’  This is the distance we will try to calculate.
· Use the compass to take a bearing from A1 to A3.  Record this in your table.  
· While still standing at A1, rotate 90° CW.  What is your new bearing?  Record this in your table.
· Walk in that direction as far as you can.  You are now at point A2.  How far are you from A1?  Record this in your table.  Check to make sure that you have walked perpendicular to the distance you want to calculate!
· Use the electronic compass to find the bearing from A2 to A3.  Record this in your table. 

	Measurement
	 Results

	Bearing from A1 to A3
	

	Bearing after rotating 90°
	

	Distance and bearing from A2 to A1
	

	Bearing from A2 to A3
	


 (
A2
A
3
A1
)









You should now have enough information to calculate the distance from A1 to A3.  Label the triangle at the right with information that you have gathered and use the proper trigonometric ratio to solve for the unknown distance.



Challenge #2 – Calculate the length of the soccer pitch
By marking a waypoint (B1) at one of the corner flags and then walking across the end line to the other corner flag (B2), can you calculate the length of the UNIS soccer pitch?  What are you using as the third point of the triangle?  Record your results in the following table and draw a diagram to illustrate your work.
										
	Measurement
	 Results

	Bearing from B1 to B3
	

	Bearing after rotating 90°
	

	Distance and bearing from B2 to B1
	

	Bearing from B2 to B3
	


			Diagram












Challenge #3 – Non-Right Triangle Problems
In Challenge 1 and Challenge 2 we created right triangles to help us find distances.  While using a right triangle allows us to use SOH – CAH –TOA to find the distance from A1 to A3 (or B1 to B3), it also means that we have to be very specific when finding our third point A2 (or B2).  We can use something called the Law of Sines (or Sine Rule) when we do not have a right triangle.  How do we do it?  We will follow the steps below to calculate the distance from B1 to the unfinished Ciputra Towers we can see from the soccer pitch. 

· Find the bearing from B1 to the Ciputra Towers.  Record this in your table.
· Find the bearing and distance from B1 to A1.  Record this in your table.
· Find the bearing from A1 to B1.  Record this in your table.
· Find the bearing from A1 to the Ciputra Towers.  Record this in your table
 (
B1
CT
A
1
d
)
	Measurement
	 Results

	Bearing from B1 to CT
	

	Distance and bearing from B1 to A1
	

	Bearing from A1 to B1
	

	Bearing from A1 to CT
	


 (
length =
)

Use your results to find the measure of each angle in the triangle to the right.  Remember that the sum of the angles in a triangle is 180°.  Also, write in the distance from A1 to B1.  We can now use the Law of Sines to find the distance from B1 to Ciputra Towers.  Plug in what you know into the following equation and solve for d.






Challenge #4  - Calculate the distance from the UNIS flag to J.A.F.A.

Use what you have learned in this investigation to calculate the distance from the UNIS flag to J.A.F.A.  You can use either method.  Be sure to record your data and to draw a diagram.
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