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GPS receivers are found in satnavs, phones and hand-
held GPS devices (1). They use the Global Positioning 
System to measure position to within 5–10 metres.

The European Galileo satnav system will be a network of 
satellites that orbit in three planes, so they sweep over the entire 
Earth’s surface (2, 3). At any time, about 30 satellites will be in 
operation, and anywhere on Earth’s surface at least four will be 
above the horizon.

The intensity of solar radiation on Earth is 1400 W m–2; 
this is the satellites’ energy supply. A Galileo satellite has four 
photovoltaic panels, each measuring 5 m × 1 m (4). Sensors keep 
the panels angled towards the Sun and together they provide a 
peak output power of 1900 W.

The satellites transmit signals that are detected by GPS 
receivers. Each signal is a pulse containing information about 
the satellite’s position and the time when it was sent — according 
to the satellite’s on-board atomic clock. 

The receiver compares the arrival times of the signals and 
calculates the distance from each satellite. If the distance from 
just one satellite is known, the receiver could lie anywhere on a 
sphere of that radius. Measurements with at least three satellites 
are used to pinpoint the receiver’s location (5).

When a GPS receiver ‘reads’ the time signal from a satellite, 
relativitistic corrections are made (6). The clock in a moving 
satellite appears to run slow when observed from Earth; it loses 
about 7 μs per day (1 μs = 1 × 10–6 s). The clock in a satellite is in 
a weaker gravitational field than one on Earth, and gains about 
45 μs per day. The overall daily difference is 38 μs. In 38 μs a 
radio signal traves 11 km. Without the corrections, the receiver 
position could not be found. 
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The centripetal force, Fc, that keeps an object, with mass m and speed 
v, moving in a circular path of radius r is:

Fc = 
mv2

r
 (3.1)

A satellite orbiting Earth, mass M (6 × 1024 kg), experiences a 
gravitational force Fg:

Fg = 
GMm

r 2
 (3.2)

where G the gravitational constant (6.67 × 10–11 N m2 kg–2). 
Identifying Fg with Fc:

v2 = 
GMm

r
 (3.3)

The orbital period, T, is:

T = 
2πr
v

 (3.4)

Equations 3.3 and 3.4 can be combined to give:

T = 2π   r 3

GM
 (3.5)

The Galileo satellites orbit at 23 222 km above the Earth, radius 
6400 km. The orbital radius is about 3 × 107 m and the period about 
5 × 104 s. 
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6 Relativistic corrections

Special Relativity describes how to interpret events that occur in a 
frame of reference moving relative to an observer. A moving clock 
appears to run slow. During a time interval tO measured on their own 
clock, an observer sees that a moving clock measures a shorter time 
interval tM: 

tM = tO

  1 – v 2
c 2

 (6.1)

where v is the speed of the clock relative to the observer and c the 
speed of light. 

General Relativity describes interrelationships between space, 
time and mass. A clock in a strong gravitational field appears to 
run slow, according to an observer in a weaker field. Suppose an 
observer is far from any large masses (zero gravitational field) and 
observes a clock which is a distance r from a large mass M. In a time 
interval tO measured on their own clock, they see that a clock in the 
gravitational field measures a shorter interval tF:

tF = tO

  1 – 2GM
rc 2

 (6.2)

According to an observer in a strong gravitational field, a clock in a 
weaker field appears to run fast. 
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