
Where am I?
How does GPS and the system of orbiting satellites help define 
my location??

TRIANGULATION!

Global Positioning Systems work because of a network of at 
least 24 satellites that orbit earth.  (31?)  Satellites send signals 
to the GPS receiver.  With one signal, GPS can determine very 
generally and broadly where the GPS receiver is, but no clear 
point.  

So, GPS receives a signal from a second satellite.  Again, that 
signal alone is quite broad.  However, combined with the first 
signal, the GPS receiver is able to narrow down its possible 
location.

Luckily, there are more satellites!  The GPS receiver receives 
another signal from another satellite.  With this 3rd signal, the 
receiver's position becomes clear...  Why?  What does this look 
like??



This lesson is introduced early 
in the year when students are 
introduced to the undefined 
Euclidean concepts of Point, 
Line, and Plane.  This is the 
time when students are 
introduced to the tools of 
geometry used for 
constructions: compass, 
protractor, and straightedge.  At 
this time, students are asked to 
draw with the compass and 
practice so that it is easier to 
use in the future (using a 
compass is harder that it looks, 
and students are often 
frustrated at first).  The 
assignment guides students as 
they draw repeated concentric 
circles.  While students will still 
complete that assignment, I will 
add this assignment so that 
students will draw circles that 
illustrate interlocking circles that 
represent how GPS works.
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My compass is open to 3 inches 
which represents 30,000 ft.  The 
metal point on the compass is 
placed where the satellite is 
located, then an arc (circle) is 
drawn with the pencil of the 
compass.   Every point on the 
circumference of that circle (in 
blue--S1) is a possibility for the 
GPS location.  (The GPS device 
is in my pocket.)

So, we do not yet know the 
location.
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So now I look at satellite 2 
(S2).  My compass is open to 
represent 20,000 feet.  The 
metal tip is placed in the 
location of S2, and an arc 
(circle) is drawn.  Notice that 
the S2 circumference 
intersects with S1 at 2 points, 
a and b.  Because this is the 
second satellite, I know that 
the GPS device is located at 
one of the intersections of S1 

and S2.  But which one--a or 
b?
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So, now I know that the S2 sends 
signals 20,000 feet in all 
directions.  What part of the 
circle measures 20,000 ft?  
<radius>

Now that I have represented 2 
signals, I know that the circles of 
"coverage" intersect at 2 distinct 
places...those intersections are 
points where Satellite 1's signal 
is 30,000 ft from its center and 
also Satellite 2's signal is 20,000 
ft from its center.  

But we still do not have a precise 
location.



S1
0°

77

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0 1 2 3 4 5
0°

S2

S3

scale 1 in=10,000 ft

Satellite 1 is 30,000 ft away.

Satellite 2 is 20,000 ft away.

Satellite 3 is 10,000 ft away.

Where am I?



So now I consider that satellite 3 
(S3) is 10,000 feet from the GPS 
devise.  My compass is open to  
represent 10,000 feet.  The metal 
point is placed at the location of  
S3, and an arc (circle) is drawn.  
Notice that the S3 circumference 
intersects with S1 and S2 at a 
single point, b.  Because this is 
the third satellite, I know that the 
GPS device is located at the 
intersection of S1, S2, and S3.  My 
GPS device is located at b. 
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And, one more detail...  Although 
our representation shows 
satellite ranges as 2 dimensional 
circles, satellite signals actually 
emit signals in all directions--that 
is, they emit signals in spheres!  
Because it is a 3dimensional 
world!  So, a more accurate 
depiction follows...





The point where all three spheres intersect is the location of the 
GPS receiver.  Knowing the distance from 3 satellites (or more) 
helps to find the exact location.  There could be more than 3 
satellites that supply information.

This is trilateration:  using 3 lengths simultaneously to determine 
where exactly the GPS receiver is.

The GPS system was developed by the US Department of 
Defense.  The following slide is a representation of the network of 
satellites and orbits used in the GPS system.  

<Clearly there is much more to discuss regarding GPS.  For 
Geometry, this was just a way to add more meaning to the circle-
drawing and compass-using exercise.>






