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Satellite Communication 
In recent years portable navigation devices (PNDs) have 

become more common and more affordable and are 

now used not only by car and boat users but also 

cyclists and walkers. Integration of PNDs with portable 

music players and other personal electronic devices is 

expected to rise dramatically over the next few years and 

some experts predict that 90% of mobile phones will 

have satellite navigation capability by 2014. 

 

How Do They Work? 
Portable navigation devices (PNDs) do not operate alone; they 

work in conjunction with a sophisticated global navigation satellite 

system (GNSS). The best known of these is GPS (Global Positioning 

System), a US system that was set up for military use but was 

made available to civil aviation in 1983; the full set of 24 satellites 

was not in place until 1994 and the system was opened to general 

use in 2000. 

At present GPS is the only fully working satellite navigation system; 

the most significant alternatives are: 

• Galileo, a European system that is designed to operate in 

conjunction with GPS but will be capable of independent 

operation. It was hoped to have the full set of 30 satellites in 

place by 2010. 

• GLONASS, a Russian system which was in disrepair from the 

late 1990s and has recently been made operational again in a 

cooperative venture by Russia and India  

• Compass, a Chinese system that is still in development. 

 

Principle of Operation 
Although the various systems do not operate in the same way, the 

GPS system exemplifies some common features.  

The orbits of the GPS satellites are tilted at an angle of 55° to the 

equator and are set on six geometric planes, which are 60° apart, 

with at least four satellites on each plane.  

Most GPS satellites orbit the Earth at an average altitude of about 

20,200 km above the Earth’s surface or 26,560 km from the centre 

of the Earth. At that height the orbital period is 12 hours relative to 

the stars, or 11 hours 58 minutes relative to the Sun-Earth system; 

each satellite returns to the same position relative to the surface of 

the Earth about four minutes earlier each day.  

Each GPS satellite transmits a high-frequency radio signal (1.57 

GHz) in the microwave region of the electromagnetic spectrum. 

Every 30 seconds the satellite starts transmitting a stream of data 

which includes a unique identification code (which repeats every 

millisecond), information about its exact position, positions of the 

other satellites, various updates etc. When a PND (e.g. a GPS 

receiver) detects a satellite’s transmission it generates a copy of its 

identification code, using its own internal clock. This will not be in 

step with the signal from the satellite which will be delayed about 

70 milliseconds – the time required for the signal to travel from the 

satellite to the receiver. The PND repeatedly generates an 

increasingly delayed copy of the code until it is in phase with that of 

the satellite. It uses the delay time (t) to calculate the distance (d) to 

the satellite (d = c × t, where c is 3×108 m s-1). A typical PND can 

receive data from several satellites simultaneously. The time delay 

is accurate to the nearest microsecond, i.e. the ‘width’ of the bits of 

the code.  

The indetification code consists of 1023 ‘bits ‘ and since it is 

repeated every 1.023 millisecond time for each ‘bit’ is one 

microsecond. So matching the ‘bits’ gives an accuracy of ± 1 

microsecond (1 µs). 

 

Timing is Critical 
Clearly, in the operation of this system accurate synchronised 

clocks are essential. Each satellite contains one or more atomic 

clocks which are accurate  to a fraction of a microsecond.  

Using the position and distance information from at least three 

satellites the PND can calculate its own position to the nearest 300 

m – the distance electromagnetic waves travel in a microsecond. 

Having data from four or more satellites enables the PND to keep 

its own clock synchronised with the satellites’ clocks. 

 

Using signals form satellites and fixed stations  

 

Improving Resolution 
Once the time delay has been found by code matching the timing 

accuracy can be improved by:  

• Synchronising the codes more precisely (>99%, or ± 3 m) 

• Statistical analysis of multiple measurements 

• Matching the phase of a locally generated 1.57 GHz signal with 

the carrier signal from the satellite. 

These could theoretically give a position accuracy of ± 20 cm;  

(3 ×108 m s-1)/(1.57 × 109 s-1) = 0.19 m. 

 

Calculations 
If A and B are two points with coordinates (x1, y1) and (x2, y2) then, 

using the theorem of Pythagoras, the distance (d) between them 

can be found from: d2 = (x2 – x1)
2 + (y2 – y1)

2.  



 

 

If (x, y) are the unknown coordinates of a point C which is a 

distance  

d1 from A and a distance d2 from B then the following quadratic 

equations are simultaneously true:  

d1
2 = (x1 – x)

2 + (y1 – y)
2 

d2
2 = (x2 – x)

2 + (y2 – y)
2 

From these equations the values of x and y can be calculated. The 

calculation is however beyond the scope of this lesson. Routines 

for solving equations in three dimensions, i.e. using x, y and z 

coordinates, are programmed into PNDs. 

 

Sources of Error 
There are a number of sources of error that 

can reduce overall accuracy:  

• Uncorrected clock errors  ± 2 m 

• Satellite position errors ± 2.5 m 

• Ionospheric effects ± 5 m 

• Signal reflections ± 1 m 

• Tropospheric effects (weather) ± 0.5 m 

 

When a satellite is directly overhead the 

signals travel a shorter distance through the 

atmosphere and some of these errors are 

reduced. Corrections for time, position and 

ionospheric conditions are constantly sent 

from control centres to the satellites and are 

then relayed to receivers (PNDs). Accuracy 

can be enhanced if these errors can be 

taken into account. This is achieved using 

Differential GPS 

Differential GPS 
This employs a receiver in a fixed location 

whose position is accurately known. The 

satellite signals it receives are subject to the 

errors listed above. However, using its own 

known coordinates it can calculate the total 

timing error. It does this for each satellite 

which is ‘in view’ and broadcasts the 

correction in a standard form that can be 

picked up by mobile receivers (PNDs).  
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Ordnance Survey Ireland (OSi) is the national mapping agency of 

the Republic of Ireland. It produces and sells a very comprehensive 

range of urban, rural, tourist and leisure maps at a variety of scales, 

in digital and printed form. OSi also produces aerial photographs 

and digital terrain models. 

OSi uses Global Satellite Navigation System (GNSS) technology 

within its production flowlines to produce national mapping. OSi 

has implemented and operates its own network of seventeen 

permanent active GPS network stations, located on roofs of 

buildings, that continuously record GNSS data transmitted from 

satellites. 

OSi uses the GNSS data received by its network stations in two 

different ways: 

Post-Processing 

OSi post-processes the GNSS data recorded from its network 

stations with the GNSS data recorded onboard its two aircraft to 

compute an accurate position of the aircraft to coordinate aerial 

imagery and laser data at the time of capture. 

Real-time Data Corrections 

One-second GNSS data is continuously streamed from each of the 

17 OSi network stations to a GNSS processing computer located in 

the OSi Head Office in the Phoenix Park, Dublin. GNSS data 

corrections are calculated in real-time and transmitted to surveyors 

out in the field via GPRS telecommunications, enabling the 

surveyors to measure positions with their GNSS instrument to 

accuracies better than 10 centimetres. 

OSi customers include individual members of the public, tourists, 

schools, the construction industry, architects, engineers, property 

and legal firms, Government Departments and local authorities.   

OSi licences data for a wide range of computer based applications 

such as Computer Aided Design (CAD) and Geographic 

Information Systems (GIS). 

 

You can find this, and other OSi lessons, on www.sta.ie 

You can find out more about the work of OSi on  

www.osi.ie 
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Teaching Notes 

Syllabus References 

The appropriate syllabus references are: 

Leaving Certificate Physics 

Light (p.33): Electromagnetic spectrum: Relative positions of 

radiations in terms of wavelength and frequency. Detection of UV 

and IR radiation. 

Gravity (p.26): Newton’s law of universal gravitation. 

Variation of g, and hence W, with distance from centre of Earth 

(effect of centripetal acceleration not required). 

Value of acceleration due to gravity on other bodies in space, e.g. 

Moon. 

Circular satellite orbits – derivation of the relationship between the 

period, the mass of the central body and the radius of the orbit. 

The options provide an opportunity for students to undertake a 

more in-depth study of particular aspects of technology. Option: 

Information and Communications Technology (p.9) 

Learning Outcomes  

On completion of this lesson, students should be able to: 

• understand the general principles of operation of global 

navigation satellite systems (GNSS), while appreciating their 

complexity 

• understand why accurate time keeping is of critical importance 

in these systems  

• explain why the basic resolution is about 300 m 

• outline how resolution is improved 

• outline significant sources of timing errors and how they can be 

overcome by using fixed ground stations in conjunction with 

portable navigation devices (PNDs) 

 

General Learning Points 

The following information can be used to inform discussion on the 

lesson. 

1. GPS is just one of several global navigation satellite systems 

(GNSS). New systems are under development. 

2. Many satellites are required for a practical system – typically 

more than twenty. 

3. Each satellite has a unique identification code which it transmits 

continuously. Other information is transmitted every 30 

seconds 

4. Uncorrected clock errors in a satellite’s atomic clock and orbital 

deviations can together result in navigation errors of 4 or 5 

metres. 

5. Variations in the atmosphere can give rise to navigation errors 

of about 6 metres. 

6. These effects can be overcome by the use of fixed ground 

stations in conjunction with portable navigation devices (PNDs) 
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Exercises 

Calculation 

1. Calculate the orbital period for a satellite at a height of 20,200 

km above the surface of the Earth. (The average radius of the 

Earth is 6360 km, its mass is 5.9742 × 1024 kg and the 

universal gravitational constant is 6.67 × 10-11 m3 kg-1 s-2 ) 

2. Using the information given in Question 1, calculate the speed 

of a GPS satellite. 

True/False Questions 

a) PND stands for Peripheral Navigation Device. T F 

b) GPS is a US global navigation satellite system.  T F 

c) The European GNSS is called Galileo. T F 

d) There are currently just three different satellite navigation  

systems. T F 

e) GNSS satellites transmit radio signals in the microwave 

part of the electromagnetic spectrum. T F 

f) A GNSS satellite calculates the position of a PND and  

transmits that information to it.  T F 

g) PNDs maintain accurate time using built-in atomic clocks. T F 

h) Electromagnetic waves travel 300 m in one millisecond. T F 

i) A PND uses signals from at least three satellites to calculate its 

position to the nearest 300 m.  T F 

j) Accuracy can be improved by using signals from local ground-

based stations as well as satellite signals.  T F 

Check your answers to these questions on www.sta.ie 

Examination Questions  

Leaving Certificate Physics, HL, 2008, Q. 6 

State Newton’s law of universal gravitation.  

The international space station (ISS) moves in a circular orbit 

around the equator at a height of 400 km. What type of force is 

required to keep the ISS in orbit? What is the direction of this force? 

Calculate the acceleration due to gravity at a point 400 km above 

the surface of the Earth. 

An astronaut in the ISS appears weightless. Explain why. 

Derive the relationship between the period of the ISS, the radius of its 

orbit and the mass of the Earth. Calculate the period of an orbit of the 

ISS.  

After an orbit, the ISS will be above a different point on the earth’s 

surface. Explain why. 

How many times does an astronaut on the ISS see the sun rise in a 

24 hour period?  

(gravitational constant = 6.6 × 10–11 N m2 kg–2; mass of the Earth =  

6.0 × 1024 kg; radius of the Earth = 6.4 × 106 m) 

Leaving Certificate Physics, HL, 2006, Q. 6 

Define (i) velocity, (ii) angular velocity. 

Derive the relationship between the velocity of a particle travelling 

in uniform circular motion and its angular velocity.  

A student swings a ball in a circle of radius 70 cm in the vertical 

plane as shown. The angular velocity of the ball is 10 rad s–1. What 

is the velocity of the ball? How long does the ball take to complete 

one revolution? Draw a diagram to show the forces acting on the 

ball when it is at position A. 

The student releases the ball when is it at A, which is 130 cm above 

the ground, and the ball travels vertically upwards. Calculate 

(i)  the maximum height, above the ground, the ball will reach; 

(ii)  the time taken for the ball to hit the ground after its release  

from A.  

(acceleration due to gravity = 9.8 m s–2) 

 

Did You Know? 

•  The word ‘navigate’ is derived from the Latin word navigare 

which means ‘to sail’. 

•  During the Age of Discovery (15th to 19th century) the ability to 

calculate positions of ships at sea was of enormous political 

importance − apart from its more immediate importance to the 

crew. 

•  Calculating latitude (how far North or South of the equator) is 

relatively easy once the date is known. For example, at the 

equinox the latitude = 90 - the maximum angle of the Sun 

above the horizon. Tables of values could be used for other 

dates. 

•  Calculating longitude (how far East or West) is more difficult 

because it depends on accurate timekeeping. Near the equator 

an error of just one minute would produce an error of about 28 

km in the estimation of longitude. 

•  In the early eighteenth century the British government, through 

an Act of Parliament in 1714, offered the Longitude Prize of 

£20,000 (worth roughly €9,000,000 today) for a system of 

calculating longitude to the nearest 30 nautical miles (56 km). 

This may seem like a large margin of error but it required a 

chronometer (accurate clock) with an error of no more than two 

minutes during the whole journey; in other words it could not 

have an error of even one second per day. 

•  Money was given in advance to people whose work looked 

promising. About £14,300 (about €6,000,000 ) went to John 

Harrison between 1737 and 1765. 

•  The fascinating story of John Harrison’s work was recounted in 

the book Longitude, by Dava Sobel (1995) and subsequent film 

of the same name. 

•  Interestingly, today’s navigation devices also depend on 

accurate timing, but to the nearest ten or twenty nanoseconds. 



 

 

 

Biographical Notes 

James Clerk Maxwell (1831–1879) 

James Clerk Maxwell was born on 13 June 1831 in Edinburgh. His 

only sister had died in infancy and James was the only son. The 

Clerk Maxwells were well-to-do.  

Even as a child James was intensely curious about how things 

worked – investigating hidden streams, electric bells, locks etc. 

His mother, Frances, died of cancer when he was eight (1839) and 

in 1841 his father sent him to his first school – the Edinburgh 

Academy. He was younger than his classmates but after early 

difficulties he made life-long friends there. His cousin Jemima 

encouraged his passion for drawing. His academic ability was 

largely unnoticed until he won the schools mathematical medal at 

the age of thirteen. The following year he wrote his first scientific 

work, describing a method for drawing mathematical curves. 

Maxwell’s very successful university career began when he was 16. 

He became Head of Natural Philosophy (i.e. Science) in Aberdeen 

at the age of 25. His interests were wide ranging – rings of Saturn, 

polarisation of light, electricity etc.  

In 1859 he married Katherine Dewar. They moved to London in 

1860 when he became head of ‘science’ in King’s College. 

He attended lectures in the Royal Institution where he met the 

elderly Michael Faraday. Within a few years he published his 

monumental work on electromagnetism, explaining various 

phenomena and describing the propagation radio waves – which 

had never even been attempted! 

In 1865, he and Katherine returned to his home place of Glenlair 

and he applied himself to writing textbooks. In 1871, he became 

the first Cavendish Professor of Physics at Cambridge where he 

supervised the development of the famous Cavendish Laboratory.  

He died in Cambridge of abdominal cancer on 5 November 1879 at 

the age of 48. 

Revise the Terms 

Can you recall the meaning of the following terms? Reviewing 

terminology is a powerful aid to recall and retention. 

altitude, atomic clock, coordinates, electromagnetic spectrum,  

equator, geometric plane, GHz, global navigation satellite system, 

GNSS, GPS (Global Positioning System), in phase, ionosphere, 

microwave, millisecond, period, PND, portable navigation devices, 

synchronised, troposphere. 

Check the Glossary of Terms of this lesson at 

www.sta.ie 

 


