GPS
Pupil Sheet
[image: image1]How does GPS work?
There are 24 GPS satellites, owned by the US Air Force, orbiting at a altitude 12000 miles above the earth.  Each satellite continuously transmits a signal containing the current time and the satellite’s location.  All of the satellites are synchronised to transmit each signal at the same instant.

Although the signals travel at the speed of light each signal will travel a different distance to reach a GPS receiver on earth and hence will arrive at a slightly different time.  The GPS receivers use the differences in these arrival times to estimate its distance to the satellites.  

Each distance calculated places the GPS receiver on the surface of an imaginary sphere around each satellite.  Four spheres intersect at one unique point – the position (coordinate) of the GPS receiver in three dimensions.  In practice only three satellites are required to produce two points of intersection, as one point will be in outer space and so can easily be identified and discarded.  However, a fourth satellite is used to check the accuracy of the calculated the signal travel time from the other three satellites.
Working in 3 dimensions
In 2 dimensions we work with coordinates on the x-y plane.

To work in 3 dimensions we extend an axis perpendicular to the x-y plane as shown below. 
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3 dimensional points include an x, y and z-coordinate, e.g. (1, 3, 4).

In 2 dimensions, the equation of a circle can be written in the form (x – a)2 + (y – b)2 = r2, with centre (a, b) and radius r. 
e.g. C(3, –4) & r = 5:
(x – 3)2 + (y + 4)2 = 25
A sphere is a 3 dimensional object and has an equation in the form (x – a)2 + (y – b)2 + (z – c)2 = r2, with centre (a, b, c) and radius r.

e.g. C(3, –4, 2) & r = 5:
(x – 3)2 + (y + 4)2 + (z – 2)2 = 25

Task

A GPS receiver has received signals from 3 satellites.  From these signals the receiver has obtained a position of each satellite and has calculated the distance to each satellite.  
Relative to a suitable origin the positions and distance to each satellite are given below.

(Please note that the values have been simplified for the purpose of this exercise)



Position of Satellite
Distance to Satellite

Satellite 1
(2, –1, 1)
3

Satellite 2
(2, –3, 7)
9

Satellite 3
(1, –2, 5)
7
Using the information above can you determine the coordinates of the two points of intersection of the three spheres?

Use 1 decimal place in your calculations.

From your results can you deduce which point might correspond to the location of the GPS receiver?
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