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COURSE GUIDE  
 

INTRODUCTION  

 
PHY 205 INTRODUCTION TO SPACE PHYSICS  is a two-

credit unit course available to all students to take towards their 

B.Sc. Physics, B.Sc. Physics Education and other related 

programmes in the School of Science. 

 

WHAT YOU WILL LEARN IN THIS COURSE  
This course will introduce you to Astronomy and Astrophysics; 

and how astronomers work. Also, it will give you a clear 

understanding of the motion of Planets and Keplerôs laws of 

planetary motion. The course will also introduce you to the 

concepts of satellite communication, Atmospheric Science, Space 

Environment, Rocket Engineering and Cosmology. It will also 

expose you to international law and treaties on Space exploration 

and Development. 

 

COURSE AIMS 
The aim of this course is to give you a comprehensive 

introduction to the principles and concepts of Space Physics; it is 

also to prepare you towards scientific advancement in 

atmospheric physics, rocket engineering among others. 
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COURSE OBJECTIVES 
After going through the course, you should be able to: 

¶ Explain what Astronomy is, what it studies and part of the theories 

and knowledge built around it.  

¶ Describe the constituents of the solar system. 

¶ State the Keplerôs laws of planetary motion. 

¶ List the fundamentals of Satellite communication. 

¶ List the basic characteristics of satellites. 

¶ List the advantages of satellite communication. 

¶ Explain the satellite Network Architectures. 
 

COURSE GUIDE 

¶ Explain Meteorology and forecasting in relation to  

¶ Weather and climate. 

¶ State the first law of thermodynamics. 

¶ Understand the space environment. 

¶ Explain the principles of Rocket propulsion. 

¶ Discuss the Evolution of cosmological theories. 

¶ Understand the Space law and Business Development. 

 

WORKING THROUGH THIS COURSE  
To complete this course, you are required to read each study unit, 

read the textbooks and read other materials which may be 

provided by NOUN. 

 

At certain points in the course you would be required to submit 

assignments for assessment purposes. At the end of the course, 

there is a final examination. The course should take you about a 

total of 12 weeks to complete. Listed below are all the 

components of the course; what you have to do and how you 

should allocate your time to each unit in order to complete the 

course successfully. This course entails that you spend a lot of 

time to read. We advise that you avail yourself the opportunity of 

attending the tutorial sessions where you have the opportunity of 

comparing your knowledge with that of other learners. 
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COURSE MATERIALS  
The following are the major components of this course: 

1. The Course Guide 

2. Study Units 

3. Tutor-Marked Assignments (TMAs) 

4. References 
 

 

 

 

 

COURSE GUIDE 

 

STUDY UNITS 

 

The Study Units in this course are as follows: 

 

 

Module 1 Introduction to Astronomy and Satellite Communication 

Unit1 Introduction to Astronomy 

Á History of Astronomy 

Á How Astronomers work 

Unit 2 The Solar System 

Á Our Solar System 

Á Motion of the Planets 

Unit 3 Satellite System 

Á Fundamentals of Satellite System 

Á Basic Characteristics of Satellites 

Á Improved space platforms and launching 

systems 

Á Transponder 
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Á Spacecraft and Repeater 

Á Spacecraft Communications 

Á Spacecraft Antennas 

Unit 4 Satellite Networks 

Á Satellite orbit configurations 

Á Satellite Network Architectures 

Á General features of Satellite Networks 

 

COURSE GUIDE 

Unit 5 Satellite communications  Advantages of Satellite 

Communication 

Á The use of Microwave Frequencies 

Á The Digital Transmission, Compression and 

Routing 

Á Cable Television 

Á Mobile Satellite communications 

Module 2 Atmospheric Science & the space Environment 

Unit1 Introduction to Atmospheric science 

Á Scope of Atmospheric Sciences 

Á Meteorology and Forecasting 

Á Weather and Climate 

Unit 2 Structure of the Atmosphere 

Á Atmospheric layers and Relation to 

Temperature 

Á Global Air circulation and Winds 

Á Atmospheric Pressure 

Á Fronts and their Relation to Baroclinic waves 

Unit 3 Thermodynamics 
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Á Gas Laws, Equations of State (Ideal Gas law), 

Boyleôs andCharlesôs law 

Á First law of Thermodynamics and Specific 

Heat 

Á Dry Adiabatic processes and potential 

temperature 

 

 

COURSE GUIDE 

Unit 4 Atmospheric Dynamics 

Á Clouds 

Á Atmospheric kinematics of fluid flow 

Á Atmospheric Dynamics 

Á Weather Prediction 

Unit 5 The Space Environment 

Á Where is Space? 

Á The Solar System 

Á The Cosmos 

Á Space environment and Spacecraft 

Module 3 Rocket Engineering, Space Exploration & Space Law 

Unit1 Rocket Engineering 

Á Principles of rocket propulsion 

Á Thermal Rockets 

Unit 2 The Rotation of the earth 

Á Rotation of the earth 

Á Orbits & spaceflight 
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Unit 3 introduction to Cosmology 

Á Fundamental observations of modern 

cosmology 

Á Evolution of cosmological theories 

Unit 4 Modern Cosmology 

Á Modern cosmology 

Á Future of the universe 

COURSE GUIDE 

Unit 5 Space Law  

Á International law 

Á Space treaties  

 

 

 

TUTOR-MARKED ASSIGNMENT (TMA)  
The TMA is the continuous assessment component of your 

course. It accounts for 30% of the total score. You will be given 

at least four TMAs to answer. Three of these must be answered 

before you are allowed to sit for the end of course examination. 

The TMAs will be given by your facilitator and you are to return 

each assignment to your facilitator/tutor after completion. 

Assignment questions for the units in this course are contained in 

the assignment file. You will be able to complete your assignment 

from the information and the material contained in your reading, 

references and study units. However, it is desirable in all degree 

levels of education to demonstrate that you have read and 

researched more into your references, which will give you a wider 

view point and may provide you with a deeper understanding of 

the subject. Make sure that each assignment reaches your 

facilitator/tutor on or before the deadline mentioned by the course 
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coordinator in the presentation schedule and assignment file. If, 

for any reason, you cannot complete your work on time, contact 

your facilitator/tutor before the assignment is due to discuss the 

possibility of an extension. Extensions will not be granted after 

the due date unless there are exceptional circumstances. 

 

 

 

 

FINAL EXAMINATION AND GRADING  
The end of course examination for Introduction to Space Physics 

will be about two hours and it has a value of 70% of the total 

course work. The examination will consist of questions which 

will reflect the self-assessment exercises, practice exercises and 

tutor-marked assignments you have previously encountered. All 

areas of the course will be assessed. You are advised to use the 

time between finishing the last unit and sitting for the examination 

to revise the entire course. You might find it useful to review your 

self-assessment exercise, tutor-marked assignments and 

comments on them before the examination. 

 

 

 

COURSE MARKING SCHEME  

Assignment Marks Assignments 1- 4 Four 

assignments; best three marks 

of the four 

count at 10% each ï 30% of 

the course marks 

End of course 

Examination 70% of overall course marks 

Total 100% of course marks  
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1.0 INTRODUCTION  

Astronomy is the study of the universe and the celestial bodies, gas, 

and dust within it. Astronomy includes observations and theories about 

the solar system, the stars, the galaxies, and the general structure of 

space. Astronomy also includes cosmology, the study of the universe 

and its past and future. People who study astronomy are called 

astronomers. 

 

2.0OBJECTIVES  

 

At the end of this unit, readers should be able to: 
¶ Understand the meaning of Astronomy and Astrophysics. 

¶ Understand the History and Origin of Astronomy. 
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¶ Understand how Astronomers work. 

¶ List and explain the different types of Astronomy. 

¶ Understand the mapping of the Sky. 

¶ Understand that most work in astronomy includes three parts, 

or phases i.e. Observation, analysis and Comparison of results. 

¶ Explain the various Coordinate systems use by astronomers. 

¶ To define Right Ascension and Declination. 

 

 

 

3.0 MAIN CONTENT  

3.1 History of Astronomy 

Astronomy is the study of the universe and the celestial bodies, gas, 

and dust within it. Astronomy includes observations and theories about 

the solar system, the stars, the galaxies, and the general structure of 

space. Astronomy also includes cosmology, the study of the universe 

and its past and future. People who study astronomy are called 

astronomers, and they use a wide variety of methods to perform their 

research. These methods usually involve ideas of physics, so most 

astronomers are also astrophysicists, and the terms astronomer and 

astrophysicist are basically identical.  

Some areas of astronomy also use techniques of chemistry, geology, 

and biology. Astronomy is the oldest science, dating back thousands of 

years to when primitive people noticed objects in the sky overhead and 

watched the way the objects moved. In ancient Egypt, the first 

appearance of certain stars each year marked the onset of the seasonal 

flood, an important event for agriculture. In 17th-century England, 

astronomy provided methods of keeping track of time that were 

especially useful for accurate navigation.  

Astronomy has a long tradition of practical results, such as our current 

understanding of the stars, day and night, the seasons, and the phases 

of the Moon. Much of today's research in astronomy does not address 

immediate practical problems. Instead, it involves basic research to 

satisfy our curiosity about the universe and the objects in it. One day 
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such knowledge may well be of practical use to humans. Advances in 

astronomy over the centuries have depended to a great extent on 

developments in technology. Initially, ancient peoples could only view 

the sky with their eyes. With careful attention to the changing positions 

of the Sun, Moon, planets, and stars, they were able to develop 

calendars and ultimately predictions of rare events, including eclipses. 

Instruments that allowed the measurement of the precise positions of 

celestial objects were the first major technological development, and 

those measurements formed the basis of models of the solar system. 

The invention of the telescope in the early 1600s completely changed 

scientistsô ideas about the structure of the solar system and led to the 

discovery of new planets around our own sun. The telescope was also 

key to the measurement of distances to nearby stars and thereby 

provided the first clues to just how vast the universe is. The invention 

of the spectroscope combined with photography led to the discovery 

that the stars are made of the same elements found here on Earth 

(http://www.cosmosbox.info/Basic_Astronomy_Concepts/History_Astronomy).  

The great breakthroughs of the 20th century were the development of 

spacecraft that allowed scientists to observe the universe from outside 

the distorting effects of Earthôs atmosphere, and the development of 

new sensors capable of detecting other forms of energy our eyes cannot 

detect. Examples are X-rays, gamma rays, infrared or heat energy, and 

radio waves. These new windows on the universe have greatly 

expanded astronomical knowledge. Ancient Babylonian, Assyrian, and 

Egyptian astronomers all knew the approximate length of the year. The 

Egyptians of 3,000 years ago adopted a calendar with a year that was 

365 days long, very near the modern value of 365.242 days. The 

Egyptians also used the rising of the star Sirius in the pre-dawn sky to 

mark the time when the Nile River could be expected to flood.  

The Chinese determined the approximate length of the year at about the 

same time as the Egyptians. The Maya of Central America kept a 

continuous record of days from day zero, which occurred on our 

equivalent of August 13, 3114 BC. They also kept track of years, 

eclipses, and the motions of the visible planets. Their year consisted of 

18 months, each 20 days long, plus one 5-day month to total 365 days. 

Occasional adjustments were made to allow for the extra quarter of a 

day. The adjustments required in the Maya calendar illustrate a 
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common problem faced by ancient astronomers. Neither an entire 

month nor an entire year contains an exact whole number of days; to 

keep calendar years in step with the seasons, which were important for 

planting crops, the calendar makers assigned different numbers of days 

to successive months or years. Even though individual months or years 

were not the same length, they averaged out to approximately the true 

value. In the British Isles, ancient people used stone circles to keep 

track of the motions of the Sun and Moon. The best-known example is 

Stonehenge, a complex array of massive stones, ditches, and holes lay 

out in concentric circles. Ancient astronomers also observed five bright 

planets (the ones we call Mercury, Venus, Mars, Jupiter, and Saturn). 

These bodies, together with the Sun and Moon, move relative to the 

stars within a narrow band called the zodiac. The Moon moves around 

the zodiac quickly, overtaking the Sun about once every 29.5 days. The 

Sun and Moon always move along the zodiac from west to east. The 

five bright planetsðMercury, Venus, Mars, Jupiter, and Saturnðalso 

have a generally eastward motion against the background of the stars. 

However, ancient astronomers in many different places around the 

globe noted that Mars, Jupiter, and Saturn sometimes move westward, 

in a backwards or retrograde direction. These planets, therefore, appear 

to have an erratic eastward course, with periodic loops in their paths. 

In ancient times, people imagined that celestial events, especially the 

planetary motions, were connected with their own fortunes. This belief, 

called astrology, encouraged the development of mathematical 

schemes for predicting the planetary motions and thus furthered the 

early progress of astronomy (Bhattacharya, 2013). However, none of 

the systems of astrology has been shown to be at all effective in making 

verifiable predictions. Stars provide the background against which the 

motions of the planets are measured. Ancient Chinese, Egyptians, 

Greeks, and others gave names to patterns of stars. We call these 

patterns constellations. Some are very familiar, such as the Big Dipper, 

the Pleiades, and Orion. Few constellations look like their namesakes. 

Rather, ancient astronomers probably simply named areas of the sky 

with prominent groupings of stars after important characters in their 

mythology. 

3.2How Astronomers Work 
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Professional astronomers usually have access to powerful telescopes, 

detectors, and computers. Most work in astronomy includes three parts, 

or phases. Astronomers first observe astronomical objects by guiding 

telescopes and instruments to collect the appropriate information. 

Astronomers then analyze the images and data. After the analysis, they 

compare their results with existing theories to determine whether their 

observations match with what theories predict, or whether the theories 

can be improved. Some astronomers work solely on observation and 

analysis, and some work solely on developing new theories. 

Astronomy is such a broad topic that astronomers specialize in one or 

more parts of the field. For example, the study of the solar system is a 

different area of specialization than the study of stars. Astronomers 

who study our galaxy, the Milky Way, often use techniques different 

from those used by astronomers who study distant galaxies. Many 

planetary astronomers, such as scientists who study Mars, may have 

geology backgrounds and not consider themselves as astronomers at 

all. Solar astronomers use different telescopes than night-time 

astronomerôs use, because the Sun is so bright. Theoretical astronomers 

may never use telescopes at all. Instead, these astronomers use existing 

data or sometimes only previous theoretical results to develop and test 

theories. An increasing field of astronomy is computational astronomy, 

in which astronomers use computers to simulate astronomical events. 

Examples of events for which simulations are useful include the 

formation of the earliest galaxies of the universe or the explosion of a 

star to make a supernova. 

Astronomers learn about astronomical objects by observing the energy 

they emit. These objects emit energy in the form of electromagnetic 

radiation. This radiation travels throughout the universe in the form of 

waves and can range from gamma rays, which have extremely short 

wavelengths, to visible light, to radio waves, which are very long. The 

entire range of these different wavelengths makes up the 

electromagnetic spectrum. 

Astronomers gather different wavelengths of electromagnetic radiation 

depending on the objects that are being studied. The techniques of 
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astronomy are often very different for studying different wavelengths. 

Conventional telescopes work only for visible light and the parts of the 

spectrum near visible light, such as the shortest infrared wavelengths 

and the longest ultraviolet wavelengths. Earthôs atmosphere 

complicates studies by absorbing many wavelengths of the 

electromagnetic spectrum. Gamma-ray astronomy, X-ray astronomy, 

infrared astronomy, ultraviolet astronomy, radio astronomy, visible-

light astronomy, cosmic-ray astronomy, gravitational-wave astronomy, 

and neutrino astronomy all use different instruments and techniques. 

 

3.2.1 Optical Astronomy 

Until the 20th century, all observational astronomers studied the visible 

light that astronomical objects emit. Such astronomers are called 

optical astronomers, because they observe the same part of the 

electromagnetic spectrum that the human eye sees. Optical astronomers 

use telescopes and imaging equipment to study light from objects. 

Professional astronomers today hardly ever actually look through 

telescopes. Instead, a telescope sends an objectôs light to a 

photographic plate or to an electronic light-sensitive computer chip 

called a charge-coupled device, or CCD. CCDs are about 50 times more 

sensitive than film, so today's astronomers can record in a minute an 

image that would have taken about an hour to record on film. 

Telescopes may use either lenses or mirrors to gather visible light, 

permitting direct observation or photographic recording of distant 

objects. Those that use lenses are called refracting telescopes, since 

they use the property of refraction, or bending, of light (see Optics: 

Reflection and Refraction). The largest refracting telescope is the 40-

in (1-m) telescope at the Yerkes Observatory in Williams Bay, 

Wisconsin, founded in the late 19th century. Lenses bend different 

colours of light by different amounts, so different colours focus slightly 

differently. Images produced by large lenses can be tinged with colour, 

often limiting the observations to those made through filters. Filters 

limit the image to one colour of light, so the lens bends all of the light 

in the image the same amount and makes the image more accurate than 

an image that includes all colours of light. Also, because light must 
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pass through lenses, lenses can only be supported at the very edges. 

Large, heavy lenses are so thick that all the large telescopes in current 

use are made with other techniques. 

 

Gamma-Ray and X-Ray Astronomy 

Gamma rays have the shortest wavelengths. Special telescopes in orbit 

around Earth, such as the National Aeronautics and Space 

Administrationôs (NASAôs) Compton Gamma-Ray Observatory, 

gather gamma rays before Earthôs atmosphere absorbs them. X rays, 

the next shortest wavelengths, also must be observed from space. 

NASAôs Chandra X-Ray Observatory (CXO) is a school-bus-sized 

spacecraft that began studying X-rays from orbit in 1999. 

 

Ultraviolet Astronomy  

Ultraviolet light has wavelengths longer than X rays, but shorter than 

visible light. Ultraviolet telescopes are similar to visible-light 

telescopes in the way they gather light, but the atmosphere blocks most 

ultraviolet radiation. Most ultraviolet observations, therefore, must also 

take place in space. Most of the instruments on the Hubble Space 

Telescope (HST) are sensitive to ultraviolet radiation (see Ultraviolet 

Astronomy). Humans cannot see ultraviolet radiation, but astronomers 

can create visual images from ultraviolet light by assigning particular 

colours or shades to different intensities of radiation. 

 

Infrared Astronomy  

Infrared astronomers study parts of the infrared spectrum, which 

consists of electromagnetic waves with wavelengths ranging from just 

longer than visible light to 1,000 times longer than visible light. Earthôs 

atmosphere absorbs infrared radiation, so astronomers must collect 

infrared radiation from places where the atmosphere is very thin, or 

from above the atmosphere. Observatories for these wavelengths are 

located on certain high mountaintops or in space. Most infrared 

wavelengths can be observed only from space. Every warm object 

emits some infrared radiation. Infrared astronomy is useful because 

objects that are not hot enough to emit visible or ultraviolet radiation 

may still emit infrared radiation. Infrared radiation also passes through 
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interstellar and intergalactic gas and dust more easily than radiation 

with shorter wavelengths. Further, the brightest part of the spectrum 

from the farthest galaxies in the universe is shifted into the infrared. 

 

Radio Astronomy 

Radio waves have the longest wavelengths. Radio astronomers use 

giant dish antennas to collect and focus signals in the radio part of the 

spectrum. These celestial radio signals, often from hot bodies in space 

or from objects with strong magnetic fields, come through Earth's 

atmosphere to the ground. Radio waves penetrate dust clouds, allowing 

astronomers to see into the centre of our galaxy and into the cocoons 

of dust that surround forming stars. 

 

 

 

Mapping the Sky 

Humans have picked out landmarks in the sky and mapped the heavens 

for thousands of years. Maps of the sky helped people navigate, 

measure time, and track celestial events. Now astronomers 

methodically map the sky to produce a universal format for the 

addresses of stars, galaxies, and other objects of interest. 

 

 

a. The Constellations 

Some of the stars in the sky are brighter and more noticeable than others 

are, and some of these bright stars appear to the eye to be grouped 

together. Ancient civilizations imagined that groups of stars 

represented figures in the sky. The oldest known representations of 

these groups of stars, called constellations, are from ancient Sumer 

(now Iraq) from about 4000 BC. The constellations recorded by ancient 

Greeks and Chinese resemble the Sumerian constellations. The 

northern hemisphere constellations that astronomers recognize today 

are based on the Greek constellations. Explorers and astronomers 

developed and recorded the official constellations of the southern 

hemisphere in the 16th and 17th centuries. The International 

Astronomical Union (IAU) officially recognizes 88 constellations. The 

IAU defined the boundaries of each constellation, so the 88 

constellations divide the sky without overlapping. 
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A familiar group of stars in the northern hemisphere is called the Big 

Dipper. The Big Dipper is actually part of an official constellationð

Ursa Major, or the Great Bear. Groups of stars that are not official 

constellations, such as the Big Dipper, are called asterisms. While the 

stars in the Big Dipper appear in approximately the same part of the 

sky, they vary greatly in their distance from Earth. This is true for the 

stars in all constellations or asterismsðthe stars making up the group 

do not really occur close to each other in space; they merely appear 

together as seen from Earth. The patterns of the constellations are 

figments of humansô imagination, and different artists may connect the 

stars of a constellation in different ways, even when illustrating the 

same myth. 

b. Coordinate Systems 

Astronomers use coordinate systems to label the positions of objects in 

the sky, just as geographers use longitude and latitude to label the 

positions of objects on Earth. Astronomers use several different 

coordinate systems. The two most widely used are the altazimuth 

system and the equatorial system. The altazimuth system gives an 

objectôs coordinates with respect to the sky visible above the observer. 

The equatorial coordinate system designates an objectôs location with 

respect to Earthôs entire night sky, or the celestial sphere. 

 

i. Altazimuth System 

One of the ways astronomers give the position of a celestial 

object is by specifying its altitude and its azimuth. This 

coordinate system is called the altazimuth system. The altitude 

of an object is equal to its angle, in degrees, above the horizon. 

An object at the horizon would have an altitude of 0°, and an 

object directly overhead would have an altitude of 90°. The 

azimuth of an object is equal to its angle in the horizontal 

direction, with north at 0°, east at 90°, south at 180°, and west 

at 270°. For example, if an astronomer were looking for an 

object at 23° altitude and 87° azimuth, the astronomer would 

know to look fairly low in the sky and almost directly east. 
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As Earth rotates, astronomical objects appear to rise and set, so 

their altitudes and azimuths are constantly changing. An 

objectôs altitude and azimuth also vary according to an 

observerôs location on Earth. Therefore, astronomers almost 

never use altazimuth coordinates to record an objectôs position. 

Instead, astronomers with altazimuth telescopes translate 

coordinates from equatorial coordinates to find an object. 

Telescopes that use an altazimuth mounting system may be 

simple to set up, but they require many calculated movements 

to keep them pointed at an object as it moves across the sky. 

These telescopes fell out of use with the development of the 

equatorial coordinate and mounting system in the early 1800s. 

However, computers have made the return to popularity 

possible for altazimuth systems. Altazimuth mounting systems 

are simple and inexpensive, andðwith computers to do the 

required calculations and control the motor that moves the 

telescopeðthey are practical. 

ii.  The Equatorial System 

The equatorial coordinate system is a coordinate system 

fixed on the sky. In this system, a star keeps the same 

coordinates no matter what the time is or where the observer 

is located. The equatorial coordinate system is based on the 

celestial sphere. The celestial sphere is a giant imaginary 

globe surrounding Earth. This sphere has north and south 

celestial poles directly above Earthôs North and South 

poles. It has a celestial equator, directly above Earthôs 

equator. Another important part of the celestial sphere is the 

line that marks the movement of the Sun with respect to the 

stars throughout the year. This path is called the ecliptic. 

Because Earth is tilted with respect to its orbit around the 

Sun, the ecliptic is not the same as the celestial equator. The 

ecliptic is tilted 23.5° to the celestial equator and crosses the 

celestial equator at two points on opposite sides of the 

celestial sphere. The crossing points are called the vernal 

(or spring) equinox and the autumnal equinox. The vernal 

equinox and autumnal equinox mark the beginning of 

spring and fall, respectively. The points at which the ecliptic 
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and celestial equator are farthest apart are called the 

summer solstice and the winter solstice, which mark the 

beginning of summer and winter, respectively. 

As Earth rotates on its axis each day, the stars and other distant 

astronomical objects appear to rise in the eastern part of the sky 

and set in the west. They seem to travel in circles around Earthôs 

North or South poles. In the equatorial coordinate system, the 

celestial sphere turns with the stars (but this movement is really 

caused by the rotation of Earth). The celestial sphere makes one 

complete rotation every 23 hours 56 minutes, which is four 

minutes shorter than a day measured by the movement of the 

Sun. A complete rotation of the celestial sphere is called a 

sidereal day. Because the sidereal day is slightly shorter than a 

solar day, the stars that an observer sees from any location on 

Earth change slightly from night to night. The difference 

between a sidereal day and a solar day occurs because of Earthôs 

motion around the Sun. 

The equivalent of longitude on the celestial sphere is called right  

ascension and the equivalent of latitude is declination. Specifying the 

right ascension of a star is equivalent to measuring the east-west 

distance from a line called the prime meridian that runs through 

Greenwich, England, for a place on Earth. Right ascension starts at the 

vernal equinox. Longitude on Earth is given in degrees, but right 

ascension is given in units of timeðhours, minutes, and seconds. This 

is because the celestial equator is divided into 24 equal partsðeach 

called an hour of right ascension instead of 15°. Each hour is made up 

of 60 minutes, each of which is equal to 60 seconds. Measuring right 

ascension in units of time makes determining when will be the best 

time for observing an object easier for astronomers. A particular line of 

right ascension will be at its highest point in the sky above a particular 

place on Earth four minutes earlier each day, so keeping track of the 

movement of the celestial sphere with an ordinary clock would be 

complicated. Astronomers have special clocks that keep sidereal time 

(24 sidereal hours are equal to 23 hours 56 minutes of familiar solar 

time). Astronomers compare the current sidereal time to the right 

ascension of the object they wish to view. The object will be highest in 

the sky when the sidereal time equals the right ascension of the object. 
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4.0 SELF ASSESSMENT EXERCISE  

 

In mapping the Sky, explain in detail the following  

i. Constellations ii. Coordinate Systems 

 

 

 

 

5.0 CONCLUSION 

 

You have learnt in this unit, as way of introducing the course, 

the basics of Astronomy and how Astronomers work. 
 

 

6.0 SUMMARY 

 

In this unit, you have learnt that: 

¶ Astronomy is the study of the universe and the celestial bodies, 

gas, and dust within it. 

¶ Terms astronomer and astrophysicist are basically identical.  

¶ Astronomy has a long tradition of practical results, such as our 

current understanding of the stars, day and night, the seasons, 

and the phases of the Moon. 

¶ Most work in astronomy includes three parts, or phases. 

Astronomers first observe astronomical objects by guiding 

telescopes and instruments to collect the appropriate 

information. Astronomers then analyze the images and data. 

After the analysis, they compare their results with existing 

theories to determine whether their observations match with 

what theories predict, or whether the theories can be improved. 

¶ The techniques of astronomy are often very different for 

studying different wavelengths. Conventional telescopes work 

only for visible light and the parts of the spectrum near visible 

light, such as the shortest infrared wavelengths and the longest 

ultraviolet wavelengths. Earthôs atmosphere complicates 

studies by absorbing many wavelengths of the electromagnetic 
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spectrum. Gamma-ray astronomy, X-ray astronomy, infrared 

astronomy, ultraviolet astronomy, radio astronomy, visible-

light astronomy, cosmic-ray astronomy, gravitational-wave 

astronomy, and neutrino astronomy all use different 

instruments and techniques. 

¶ Astronomers use coordinate systems to label the positions of 

objects in the sky, just as geographers use longitude and latitude 

to label the positions of objects on Earth. 

¶ One of the ways astronomers give the position of a celestial object is 

by specifying its altitude and its azimuth. This coordinate system is 

called the altazimuth system. 

¶ The equivalent of longitude on the celestial sphere is called 

right  ascension and the equivalent of latitude is declination. 

 

 

7.0 TUTOR MARKED ASSIGNMENT  

 

1. Write a brief history of the origin of Astronomy. 

2. A star is observed to cross the meridian (due south) at an 

elevation of 34°, as seen from an observatory sited at latitude 

of 42° north. What is the declination of the star? 

3. At the moment of transit, a clock running on Universal Time 

(UT) read 03 h 16 min 24 s. At the previous midnight, the 

sidereal time was 14 h 38 min 54 s. Calculate the Right 

Ascension of the star. 

4. Write short notes on the following: 

a. Optical Astronomy 

b. Gamma-Ray and X-Ray Astronomy 

c. Ultraviolet Astronomy 

d. Infrared Astronomy 

e. Radio Astronomy 
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1.0 INTRODUCTION  

Solar System consist of the Sun and everything that orbits the Sun, 

including the planets and their satellites; the dwarf planets, asteroids, 

Kuiper belt objects, and comets; and interplanetary dust and gas. The 

term may also refer to a group of celestial bodies orbiting another star. 

 

2.0 OBECTIVES 
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At the end of this unit, the reader should be able to: 

¶ Explain the composition of the Solar System. 

¶ Differentiate between comets and Asteroids. 

¶ State and explain the 3 Keplerôs laws of planter motion. 

¶ Differentiate between perihelion and aphelion. 

¶ Derive an equation to show the centre of mass. 

¶ Derive the Newtonôs form of Keplerôs 3rd law. 

 

 

3.0 Our Solar System 

 

Solar systems, both our own and those located around other stars, are a 

major area of research for astronomers. A solar system consists of a 

central star orbited by planets or smaller rocky bodies. The 

gravitational force of the star holds the system together. In our solar 

system, the central star is the Sun. It holds all the planets, including 

Earth, in their orbits and provides light and energy necessary for life. 

Our solar system is just one of many. Astronomers are just beginning 

to be able to study other solar systems. 

 

 

¶ Planets and their Satellites  

 

Until the end of the 18th century, humans knew of five planetsð

Mercury, Venus, Mars, Jupiter, and Saturnðin addition to Earth. When 

viewed without a telescope, planets appear to be dots of light in the sky. 

They shine steadily, while stars seem to twinkle. Twinkling results 

from turbulence in Earth's atmosphere. Stars are so far away that they 

appear as tiny points of light. A moment of turbulence can change that 

light for a fraction of a second. Even though they look the same size as 

stars to unaided human eyes, planets are close enough that they take up 

more space in the sky than stars do. The disks of planets are big enough 

to average out variations in light caused by turbulence and therefore do 

not twinkle. 

 

Between 1781 and 1930, astronomers found three more planetsð

Uranus, Neptune, and Pluto. This brought the total number of planets 
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in our solar system to nine. However, in 2006 the International 

Astronomical Union (IAU)ðthe official body that names objects in the 

solar systemðreclassified Pluto as a dwarf planet. The IAU rulings 

reduced the number of official planets in the solar system to eight. In 

order of increasing distance from the Sun, the planets in our solar 

system are Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and 

Neptune. 

 

Astronomers call the inner planetsðMercury, Venus, Earth, and 

Marsðthe terrestrial planets. Terrestrial (from the Latin word terra, 

meaning ñEarthò) planets are Earth-like in that they have solid, rocky 

surfaces. The next group of planetsðJupiter, Saturn, Uranus, and 

Neptuneðis called the Jovian planets, or the giant planets. The word 

Jovian has the same Latin root as the word Jupiter. Astronomers call 

these planets the Jovian planets because they resemble Jupiter in that 

they are giant, massive planets made almost entirely of gas. The mass 

of Jupiter, for example, is 318 times the mass of Earth. The Jovian 

planets have no solid surfaces, although they probably have rocky cores 

several times more massive than Earth. Rings of chunks of ice and rock 

surround each of the Jovian planets. The rings around Saturn are the 

most familiar. 

Pluto is tiny, with a mass about one five-hundredth the mass of Earth. 

Pluto seems out of place, with its tiny, solid body out beyond the giant 

planets. Many astronomers believe that Pluto is just one of a group of 

icy objects in the outer solar system. These objects orbit in a part of the 

solar system called the Kuiper Belt. In 2006 the International 

Astronomical Union (IAU) reclassified Pluto as a dwarf planet because 

it had a rounded shape from effects of its own gravity but it was not 

massive enough to have cleared the region of its orbit of other bodies. 

Other dwarf planets in the solar system include Eris, an icy body 

slightly larger than Pluto that also orbits in part of the Kuiper Belt, and 

Ceres, a rocky body that orbits in the asteroid belt. 

Most of the planets have moons, or satellites. Earthôs Moon has a 

diameter about one-fourth the diameter of Earth. Mars has two tiny 

chunks of rock, Phobos and Deimos, each only about 10 km (about 6 

mi) across. Jupiter has more than 60 satellites. The largest four, known 

as the Galilean satellites, are Io, Europa, Ganymede, and Callisto. 
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Ganymede is even larger than the planet Mercury. Saturn has more than 

50 satellites. Saturnôs largest moon, Titan, is also larger than the planet 

Mercury and is enshrouded by a thick, opaque, smoggy atmosphere. 

Uranus has nearly 30 known moons, and Neptune has at least 13 

moons. Some of the dwarf planets also have satellites. Pluto has three 

moons; the largest is called Charon. Charon is more than half as big as 

Pluto. Eris has a small moon named Dysnomia. 

¶ Comets and Asteroids 

Comets and asteroids are rocky and icy bodies that are smaller than 

planets. The distinction between comets, asteroids, and other small 

bodies in the solar system is a little fuzzy, but generally a comet is icier 

than an asteroid and has a more elongated orbit. The orbit of a comet 

takes it close to the Sun, then back into the outer solar system. When 

comets near the Sun, some of their ice turns from solid material into 

gas, releasing some of their dust. Comets have long tails of glowing gas 

and dust when they are near the Sun. Asteroids are rockier bodies and 

usually have orbits that keep them at always about the same distance 

from the Sun. 

 

Both comets and asteroids have their origins in the early solar system. 

While the solar system was forming, many small, rocky objects called 

planetesimals condensed from the gas and dust of the early solar 

system. Millions of planetesimals remain in orbit around the Sun. A 

large spherical cloud of such objects out beyond Pluto forms the Oort 

cloud. The objects in the Oort cloud are considered comets. When our 

solar system passes close to another star or drifts closer than usual to 

the center of our galaxy, the change in gravitational pull may disturb 

the orbit of one of the icy comets in the Oort cloud. As this comet falls 

toward the Sun, the ice turns into vapour, freeing dust from the object. 

The gas and dust form the tail or tails of the comet. 

 

The gravitational pull of large planets such as Jupiter or Saturn may 

swerve the comet into an orbit closer to the Sun. The time needed for a 

comet to make a complete orbit around the Sun is called the cometôs 

period. Astronomers believe that comets with periods longer than about 

200 years come from the Oort Cloud. Short-period comets, those with 

periods less than about 200 years, probably come from the Kuiper Belt, 

a ring of planetesimals beyond Neptune. The material in comets is 
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probably from the very early solar system, so astronomers study comets 

to find out more about our solar systemôs formation. 

 

¶ The Sun 

The Sun is the nearest star to Earth and is the centre of the solar system. 

It is only 8 light-minutes away from Earth, meaning light takes only 

eight minutes to travel from the Sun to Earth. The next nearest star is 4 

light-years away, so light from this star, Proxima Centauri (part of the 

triple star Alpha Centauri), takes four years to reach Earth. The Sun's 

closeness means that the light and other energy we get from the Sun 

dominate Earthôs environment and life. The Sun also provides a way 

for astronomers to study stars. They can see details and layers of the 

Sun that are impossible to see on more distant stars. In addition, the 

Sun provides a laboratory for studying hot gases held in place by 

magnetic fields. Scientists would like to create similar conditions (hot 

gases contained by magnetic fields) on Earth. Creating such 

environments could be useful for studying basic physics.  

  

The Sun produces its energy by fusing hydrogen into helium in a 

process called nuclear fusion. In nuclear fusion, two atoms merge to 

form a heavier atom and release energy. The Sun and stars of similar 

mass start off with enough hydrogen to shine for about 10 billion years. 

The Sun is less than halfway through its lifetime. 

 

 

3.1Motion of Planets 

Questions that we will deal with: 

 

1. How do the planets move? Keplerôs laws and their physical 

interpretation 

 

2. How do planetary atmospheres work? 

 

 

Keplerôs laws of planetary motion:Motion of planets governed by 

three laws: 
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1. The first law states that each planet moves in an elliptical orbit, 

with the Sun at one focus of the ellipse. 

 

 

 
 

Figure 1. Illustration of the the Keplerôs first law 

 

For the planets of the solar system, the ellipses are almost circular, for 

comets they can be very eccentric. 
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Figure 2.planets of the solar system with ellipses almost circular, 

Where F and F  are the foci. 

 

Ellipse is equal to the sum of distances r, r  from any point on ellipse 

to two fixed points (F and F ): 

 

r + r  = 2a 

Where,ὥ the semi-major axis of the ellipse. 
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Eccentricity e: is the ratio between distance from centre of ellipse to 

focal point and semi-major axis. 

 

Therefore, circles have e = 0. 
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Using the law of cosines: 

r2 = r2+ (2ae)2-2.r.2ae.cos(ˊ- )᷊ 

Taking  r+ r  = 2a and solve for r to find the polar coordinate form of 

the ellipse: 

r = 
╪ ▄

▄╬▫▼♄
 

You can check this for yourself! 

 ᷊is called the true anomaly. 

 

 

 
 

Finally, we need the closest and farthest point from a focus: 

Closest point: perihelion = a ī ae = a(1 ī e) 
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Farthest point: aphelion = a + ae = a(1 + e) 

For stars: periastron and apastron, 

For satellites circling the Earth: perigee and apogee. 

2. The Second law states that a line from the Sun to a given planet 

sweeps out equal areas in equal times. 

 

Keplerôs 2nd law is a direct consequence of the conservation 

of angular momentum. Remember that angular momentum is 

defined as 

 

╛  ►  ▬  ►  □○ 

and its absolute value is              ╛  □►○ ▼░▪ɲ 

 
 

 

To interpret the angular momentum, look at the figure at the left. Note 

that v sin‰ is the projection of the velocity vector perpendicular to the 

radius vector r, and the distance travelled by the planet in an 

infinitesimally short time æt is given by æx = vsin‰ЎÔ. Therefore, the 

area of the triangle ABC is given by 
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Ў═ ►Ў● ►Ў◄○▼░▪ᶮ
╛

□
Ў◄ 

 

Keplerôs 2nd law states that the ñsector velocityò ὨὃȾὨὸ is constant 

with time: 

 
▀═

▀◄
ἴἱἵ
Ў◄O

Ў═

Ў◄

╛

□
╬▫▪▼◄╪▪◄ 

 

 

To confirm that this claim is true, we need to prove that 

 
▀

▀◄

▀═

▀◄ □

▀╛

▀◄
 

 

But
▀╛

▀◄
is given by 

 

 
▀╛

▀◄

▀►

▀◄
  ╟ ► ● 

▀▬

▀◄
○  ╟ ►  ╕

○  □○ ► 
╖╜□

►

►

►
 

 

 

Since the cross product of a vector with itself is zero. Therefore, 

Keplerôs 2nd law is true and is a consequence of the conservation of 

angular momentum for a central field. 
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Figure 3. Illustration of the the Keplerôs 2ndlaw 

 

i. Keplerôs 2nd Law is also called the law of Areas. 

ii. perihelion: is a point nearest to the sun in the orbit of a planet  Ÿ   

planet is fastest 

iii. aphelion: is a point farthest from  the sun in the orbit of a planet Ÿ 

planet is slowest 

 

3. The third law states that the square of the orbital periods of the 

planets is proportional to the cube of the major axes. 
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Figure 4. Illustration of the Keplerôs 3rd law 

 

 

Computing the motion of two bodies of mass m1 and m2 it gives 

Newtonôs form of Keplerôs third law: 

 

P2 = 
Ⱬ

╖□ □
╡  

 
 

Where r1 + r 2 = R (for elliptical orbits: R is the semi-major axis). 

For an interpretation of Keplerôs third law, consider the motion of two 

bodies with masses m1 and m2 on circular orbits with radii r1 and r2 

around a point CM (see figure below).  
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The reason for doing the computation with circular orbits is that the 

following discussion will be much easier; however, all results from this 

section also apply to the general case of elliptical motion. The attractive 

force between the two points is given by Newtonôs law: 

 

╕▌►╪○╖
□ □

╡
╖
□ □

► ►
 

 
 

In order to keep the two bodies on circular orbits, the gravitational force 

needs to be equal the centripetal force keeping each body on its circular 

orbit. The centripetal force is 

 

╕ ╒▄▪◄

□ ○

►
Ⱬ
□ ►

▬
 

 

╕ ╒▄▪◄

□ ○

►
Ⱬ
□ ►

▬
 

 

Let ○  
Ⱬ►

▬
to compute the velocity of each of the bodies. Setting the 

centripetal force equal to the gravitational force then gives 
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Ⱬ
□ ►

▬
╖
□ □

► ►
 

 

Ⱬ
□ ►

▬
╖
□ □

► ►
 

 

Ⱬ
►

▬
╖

□

► ►
 

 

Ⱬ
►

▬
╖

□

► ►
 

 
►

►

□

□
 

 

□ ► □ ► 
 

 

This is the definition of the center of mass. The total distance between 

the two bodies is 

R = ► ► ►
□ ►

□
 = ►

□

□
 ) 

Inserting into one of the above equations gives 

Ⱬ╡

▬

□

□ □
╖
□

╡
 

Such that 

Ⱬ

▬
 ╖
□ □

╡
 

Or 
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▬  
Ⱬ╡

╖□ □
 

 

This is Newtonôs form of Keplerôs 3rd law. 

 

 

4.0 SELF ASSESSMENT EXERCISE  

 

Differentiate between Comets and Asteroids from Planets 

 

5.0 CONCLUSION 

 

You have learnt in this unit the meaning and constituents of the 

Solar system. We also looked at the Keplerôs laws of planetary 

motion and how to derive their mathematical expressions.  
 

6.0 SUMMARY 

In this unit, you have learnt that: 

¶ A solar system consists of a central star orbited by planets or 

smaller rocky bodies. 

¶ In our solar system, the central star is the Sun. It holds all the 

planets, including Earth, in their orbits and provides light and 

energy necessary for life. 

¶ In order of increasing distance from the Sun, the planets in our 

solar system are Mercury, Venus, Earth, Mars, Jupiter, Saturn, 

Uranus, Neptune and Pluto. 

¶ Comets and asteroids are rocky and icy bodies that are smaller 

than planets. The distinction between comets, asteroids, and 

other small bodies in the solar system is a little fuzzy, but 

generally a comet is icier than an asteroid and has a more 

elongated orbit. 

¶ The first law states that each planet moves in an elliptical orbit, 

with the Sun at one focus of the ellipse. 
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¶ The Second law states that a line from the Sun to a given planet 

sweeps out equal areas in equal times. 

¶ The third law states that the square of the orbital periods of the 

planets is proportional to the cube of the major axes. 

 

7.0 TUTOR MARKED ASSIGNMENT  

 

1. State the three Keplerôs laws of planetary motion. 

2. Derive the Newtonôs form of Keplerôs 3rd law. 

3. Differentiate between a Comet and Asteroid 

4.What is Eccentricity? 

 

8.0 REFERENCES/FURTHER READING 

Introductory Astronomy & Astrophysics 4th edition, M. Zeilik& S. A. 

Gregory, Saunders College Publishing. 

 

The Stars: their structure and evolution, R. J. Tayler, CUP, 2nd edition 

Basic text of stellar structure. 

 

Bate, Roger R., Donald D. Mueller, and Jerry E. White. Fundamentals 

of Astrodynamics.New York, NY:Dover Publications, Inc., 1971. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



46 
 

UNIT  3 SATELLITE SYSTEMS  

CONTENTS 

1.0 Introduction 

2.0 Objectives 

3.0 Main Content 

3.1 Fundamentals of Satellite Systems 

3.2 Basic Characteristics of Satellites 

3.3 Improved space platforms and launching Systems 

3.4 Transponder 

3.5 Spacecraft and Repeater 

3.6 Spacecraft Communications 

3.7 Spacecraft Antennas 

4.0 Self-Assessment Exercise 

5.0 Conclusion 

6.0 Summary 

7.0 Tutor Marked Assignment 

8.0 References/Further Reading 

 

 
1.0 INTRODUCTION  

 

Satellite systems have evolved into an everyday, commonplace thing. 

Nearly all television coverage travels by satellite, today reaching 

directly to the home from space. Even in the age of wideband fibre 

optic cables and the Internet, satellites still serve the basic 

telecommunication needs of a majority of countries around the world. 

For example, domestic satellites have greatly improved the quality of 

service of the public telephone system and brought nations more tightly 

together. 

 

2.0 OBJECTIVES 

At the end of this unit the reader should be able to: 

¶ Explain the Fundamentals of Satellite Systems. 

¶ List the basic characteristics of satellites. 

¶ Define the term Transponder. 
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¶ Discuss the principle of Spacecraft and Repeater. 

¶ List and explain the various types of Spacecraft Antennas. 

 

3.0 MAIN CONTENT  

3.1 Fundamentals of Satellite Systems 

Satellite communications, no longer a marvel of human space activity, 

have evolved into an everyday, commonplace thing. Nearly all 

television coverage travels by satellite, today reaching directly to the 

home from space. Even in the age of wideband fibre optic cables and 

the Internet, satellites still serve the basic telecommunication needs of 

a majority of countries around the world. For example, domestic 

satellites have greatly improved the quality of service of the public 

telephone system and brought nations more tightly together. Satellites 

are adapting to developments in multimedia information and personal 

communication, with the cost of one-way and two-way Earth stations 

now within the reach of many potential users. A unique benefit has 

developed in the area of emergency preparedness and response. When 

a devastating earthquake hit Mexico City in September 1985, the newly 

launched Morelos 1 satellite maintained reliable television 

transmission around the nation even though all terrestrial long-distance 

lines out of the city fell silent. Similarly, communications were restored 

to facilitate disaster relief on the island of Sumatra after the December 

2004 earthquake and subsequent tsunami. 

 

3.2 Basic Characteristics of Satellites 

¶ A communications satellite is a microwave repeater station that 

permits two or more users with appropriate earth stations to 

deliver or exchange information in various forms. 

 

¶ A satellite in a geostationary Earth orbit (GEO) revolves around 

the Earth in the plane of the equator once in 24 hours, 

maintaining precise synchronization with the Earthôs rotation. 
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¶ There are two other classes of 24-hour orbits: the 

geosynchronous orbit and the highly elliptical synchronous 

orbit. Both involve satellites that appear to be stationary relative 

to a fixed point on the Earth. It is well known that a system of 

three satellites in GEO each separated by 120 degrees of 

longitude, as shown in Figure4, can receive and send radio 

signals over almost all the inhabited portions of the globe. (The 

small regions around the North and South Polesðabove 81° 

NL and below 81° SLðare not covered.) 

 

¶ A given GEO satellite has a coverage region, illustrated by the 

shaded oval, within which Earth stations can communicate with 

and be linked by the satellite. The range from user to satellite is 

a minimum of 36,000 km, which makes the design of the 

microwave link quite stringent in terms of providing adequate 

received signal power. Also, that distance introduces a 

propagation delay of about one-quarter of a second for a single 

hop between a pair of users. The GEO is the ideal case of the 

entire class of geosynchronous (or synchronous) orbits, which 

all have a 24-hour period of revolution but are typically inclined 

with respect to the equator and/or elliptical in shape. As viewed 

from the Earth, a synchronous satellite in an inclined orbit 

appears to drift during a day above and below its normal 

position in the sky. While ideal, the circular GEO is not a stable 

arrangement, and inclination naturally increases in time. 

Inclination is controlled by the use of an on board propulsion 

system with enough fuel for corrections during the entire 

lifetime of the satellite. A synchronous satellite not intended for 

GEO operation can be launched with considerably less 

auxiliary fuel for that purpose. Orbit inclination of greater than 

0.1 degree usually is not acceptable for commercial service 

unless the Earth station antennas can automatically repoint 

toward (track) the satellite as it appears to move. Mechanical 

tracking is the most practical (and cumbersome) approach, but 

electrical beam steering systems are available for specialized 

applications such as aeronautical mobile. Orbits that are below 

a mean altitude of about 36,000 km have periods of revolution 

shorter than 24 hours and hence are termed non-GEO. As 

illustrated in Figure4 the Iridium  
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Figure4.A system of three geostationary communication satellites 

provides nearly worldwide coverage. 

system uses multiple satellites to provide continuous coverage of a 

given region of the Earth. That is simply because the satellites appear 

to move past a point on the Earth. 

¶ The Iridium mobile satellite system employs low Earth orbit 

(LEO), in which satellites are at an altitude of approximately 

780 km and each passes a given user in only a few minutes. In 

providing telephone services, users are relatively motionless 

compared to the satellite they are using. Hence, there is a need 

to hand off a telephone call while it is in progress. 

 

¶ The advantage to using a non-GEO satellite network is that the 

range to the user is shorter; hence, less radiated power is 

required and the propagation delay is reduced as well. There is 

considerable complexity and delay in the processing of 

telephone calls and data communications due to satellite motion 

and handoffs (Figure 5). 

 

¶ The key dimension of a GEO satellite is its ability to provide 

coverage of an entire hemisphere at one time. As shown in 

Figure6, a large contiguous land area (i.e., a country) as well as 

offshore locations can simultaneously access a single satellite. 

If the satellite has a specially designed communications beam 

focused on those areas, then any receiving antennas within the 
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footprint of the beam (the area of coverage) receives precisely 

the same transmission. Locations well outside the footprint 

generally are not able to use the satellite effectively. 

 

¶ Many satellite networks provide two-way (full-duplex) 

communications via the same coverage footprint. Terrestrial 

communications systems, including copper and fibres optic 

cable and point-to-point microwave radio, offer that capability 

between fixed points on the ground.  

 

 

Figure 5.The non-GEO satellite constellation used by the Iridium 

system (Elbert, 2008). 
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Figure 6.Typical footprint of a U.S. domestic communication 

satellite showing coverage of continental and offshore points 

(Elbert, 2008). 

 

¶ Satellites are designed to last only about 15 years in orbit, 

because of the practical inability to service a satellite in GEO 

and replenish consumables (fuel, battery cells, and degraded or 

failed components). Non-GEO satellites at altitudes below 

about 1,500 km are subject to atmospheric drag and a harsh 

radiation environment and are likely to require replacement 

after 10 years of operation (Figure7). 
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Figure7.The JCSat 2a satellite operated by SkyPerfect JSAT and 

built by Boeing. (Source: Sky Perfect JSAT.) 

 

3.3 Improved Space Platforms and Launching Systems 

Satellites were once relatively small, while the Earth stations that 

employed them were correspondingly large. Satellite designs used to 

provide consistent performance, like the dual-spin configuration 

pioneered by Hughes and the three-axis designs first introduced in 

Europe by Aerospatiale and Matra and in the United States by RCA 

Astro and Ford Aerospace. 

 

In time, the three-axis design became the standard of the industry 

because of its greater capability to lift large communication payloads 

and to power them at a high level for 15 years or more of service. Those 



53 
 

platforms now demonstrate service reliability that is nearly comparable 

to the previous generation of spinners, although with greater 

complexity in terms of operational procedure and software 

requirements. We are now moving into new technologies to further 

enhance the potential to deliver services that are more useful and 

economic. Applications like GEO mobile services and two-way 

multimedia and digital audio broadcasting are pushing the platforms to 

go beyond what satellites flying in 1998 could deliver. Power levels up 

to 20 kW and beam pointing down to less than ±0.025 become the 

norm. 

 

3.4 Transponder 

 

The satellite communication industry has long used the term 

transponder in reference to a defined RF channel of communication 

within the communication payload. The term itself is a contraction of 

transmitter-responder, originally referring to a single-frequency 

repeating device found on aircraft. The purpose of the aircraft 

transponder is to add the identification of the aircraft and actively 

enhance the power to be reflected back to the radar transmitter. A 

satellite transponder is entirely different because it is more of a 

transparent microwave relay channel, also taking into account the need 

to translate the frequency from the uplink range to the downlink range. 

 

The transponder, then, is a combination of elements within the payload. 

On the input side, it represents a share of the common uplink and 

receives equipment within the repeater. We are able to identify specific 

equipment for each transponder on the downlink side, consisting of the 

input filter, power amplifier, and output filter. Not shown in the figure 

are the necessary spare active elements (redundancy) to ensure 

continuity of service in the event of amplifier or receiver failure. Also 

not shown at the input to each PA is a level controlling channel 

amplifier or linearizer often found on modern satellites. The fact that a 

transponder can be assigned to a particular user application network 

has caused them to be rented or sold like condominium flats. In 

actuality, it is the microwave channel of communication bandwidth that 

the transponder lessor or purchaser acquires. 
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3.5 Spacecraft and Repeater 

 

The purpose of this unit is to explain how a satellite works and to 

review the factors in its design. These chapters should familiarize the 

reader with the key concepts and terminology that are common in the 

satellite industry. As a first definition, a spacecraft is the actual piece 

of hardware that is launched into orbit to become an artificial satellite 

for the purpose of providing a radio repeater station. 

 

The physical elements that a communications spacecraft comprises can 

be divided into two major sections: the communications payload (or 

just the payload),containing the actual radio communications 

equipment used for reception and transmission of radio signals, and the 

spacecraft bus (referred to as the bus), which provides the supporting 

vehicle to house and operate the payload. The emphasis in this chapter 

is on the requirements and specifications of the payload and how the 

general types of hardware designs can meet those requirements. 

 

3.6 Spacecraft Communications  

 
The design, manufacture, and operation of a communications satellite 

are no simple matter, complicated by the fact that it must survive the 

rigors of launch and deployment in orbit, followed by many years of 

satisfactory operation without physical intervention by human beings. 

In laypersonsô terms, we assume that a certified repair person cannot 

travel to orbit to repair or reconfigure a satellite. That is certainly the 

case for GEO satellites, but it is not economically feasible even for 

large constellations of LEO satellites. It is critical that the payload and 

the bus work hand in hand to establish a highly efficient radio repeater 

on a stable space platform. 

 

The result is shown in Figure15, which illustrates a typical 

geostationary communications satellite serving a country or region of 

a continent. At an altitude of approximately 36,000 km, a beam with 

dimensions 3 degrees by8 degrees would cover an area the size of the 

United States. From the standpoint of a typical LEO satellite, the 

coverage is more limited in area simply because the satellite is much 

closer to Earth. 
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Figure15.Coverage of a land area from GEO requires the 

generation and control of a pencil beam on board the satellite. 

 
3.7 Spacecraft Antennas 

¶ Horn Antennas 

 

Waveguides function in satellite communications as either a 

component of an antenna or as an antenna in its own right. If we were 

to take a fixed-length piece of waveguide and use a quarter-wave 

monopole to drive microwave energy at the proper frequency into one 

end, the opposite end would radiate some percentage of that power into 

space. The efficiency of radiation is simply the ratio of the power 

actually radiated into space divided by the total input power. Power not 

radiated is reflected back to the transmitter or dissipated as heat within 

the conducting metal of the waveguide. What this open-ended piece of 

waveguide has become is the simplest type of on-reflector antenna 

horn.  

 

Figure16 shows a pyramidal horn in which the end of the waveguide is 

flared outward in the shape of a pyramid or a cone. The dimensions of 

the opening are in direct proportion to the wavelength and are dictated 

by the shaping of the far field antenna pattern. The pyramidal horn is 

well suited to linear polarized systems because of the natural 
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straightness of extending rectangular waveguide. The standard 

waveguide mode of propagation is maintained, resulting in a 

symmetrical main-lobe pattern and little or no cross-polarized 

component. In contrast, the conical horn flares from either circular or 

square waveguide (in the latter case, there must be a square-to-circular 

transition) into a circular aperture. This type of horn is best suited to 

dual or CP, while the LP performance of the rectangular horn is 

superior. 

 

 

Figure 16.A common type of horn antenna called the pyramidal 

horn. 

 

The opening is wider than the waveguide to increase gain and to match 

the impedance of the waveguide (400Ý) to free space (377Ý). 
 

¶ Reflector Antennas 

The simplest and most effective antenna system for a conventional FSS 

and BSS satellite employs reflectors and feed systems. The feed system 

normally consists of one or more horn-type radiators. In the transmit 

mode, microwave energy enters he feed horn from a waveguide that 

carries the output of the repeater. The feed horn radiates microwave 

energy from the focus of the parabolic reflector into space in the 

direction of the reflector (or sub reflector, as the case might be). 

 

Two typical antenna geometries using parabolic reflectors are shown 

in Figure8. The center-fed parabola is circularly symmetric with the 

feed located at the focus, while the offset reflector parabola allows the 

feed to be placed below the line of transmission. The reflector surface 

is formed by taking a parabola and rotating it about a line drawn from 

the focus to the center of the parabola (forming a segment of a 
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paraboloid). For the offset case, the required surface is cut from one 

side of the paraboloid. 
 
 

 
Figure 8. (a) The prime focus-fed parabolic reflector antenna is 

subject to feed blockage,(b) while the offset feed design provides an 

unobstructed beam. 

 

4.0 SELF ASSESSMENT EXERCISE  

 

Explain the Basic Characteristics of Satellites. 

 

5.0  CONCLUSION 

You have learnt in this unit that a communications satellite is a 

microwave repeater station that permits two or more users with 

appropriate earth stations to deliver or exchange information in various 

forms. That Even in the age of wideband fibre optic cables and the 

Internet, satellites still serve the basic telecommunication needs of a 

majority of countries around the world. 
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6.0 SUMMARY 

 

In this unit, you have learnt that: 

¶ All television coverage travels by satellite, today reaching 

directly to the home from space. 

¶ A satellite in a geostationary Earth orbit (GEO) revolves around 

the Earth in the plane of the equator once in 24 hours, 

maintaining precise synchronization with the Earthôs rotation. 

 

¶ There are two other classes of 24-hour orbits: the 

geosynchronous orbit and the highly elliptical synchronous 

orbit. 

 

¶ Inclination is controlled by the use of an on board propulsion 

system with enough fuel for corrections during the entire 

lifetime of the satellite. 

 

¶ The key dimension of a GEO satellite is its ability to provide 

coverage of an entire hemisphere at one time. 

 

¶ The purpose of the aircraft transponder is to add the 

identification of the aircraft and actively enhance the power to 

be reflected back to the radar transmitter. 

 

¶ A spacecraft is the actual piece of hardware that is launched into 

orbit to become an artificial satellite for the purpose of 

providing a radio repeater station. 

 

7.0 TUTOR MARKED ASSIGNMENT  

i. 1. Discuss the fundamentals of satellite systems. 

ii.  List five basic characteristics of satellites. 

iii.  Discuss four advantages of satellite communication. 

iv. a. What do you understand by Digital transmission? 

b. Define the term Transponder. 

      v.        Describe the principles of the Cable Television.  

Vi. An earth station is located at 79:34o W longitude and 37:09o N 

latitude. Calculate its look angle and range to a geosynchronous 

satellite whose sub-satellite point is located at 102o W longitude. 
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vii.  Briefly describe the usefulness of an antenna in satellite 

communication. 

viii.  Describe how the capacity of a transmission channel can be 

measured. 
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1.0 INTRODUCTION  

The majority of satellite operations depend on the reliable transfer of 

telemetry and command data between the actual Earth stations that are 

in direct contact with the orbiting satellites and the Control of 

spacecraft subsystems, where the full range of technical and 

management functions are performed. Those links, which can employ 

both terrestrial and satellite networks usually satisfy the data 

throughput and quality-of-service (QoS) objectives of the overall 

satellite control system. 

 

2.0 OBJECTIVES 
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At the end of this unit the reader should be able to: 

¶ Understand the various satellites orbit configurations. 

¶ Explain the architecture of satellite networks. 

¶ List and explain the 3 generic forms of satellite connectivity. 

¶ Define the term Connectivity. 

 

3.0 MAIN CONTENT  

3.1 Satellite Orbit Configurations 

Having already introduced the concept of GEO and non-GEO satellites, 

we can now examine some of the technical particulars. Behaviour of a 

satellite in Earth orbit follows Keplerôs laws of planetary motion, 

which can be restated for artificial satellites as follows: 

1. The orbit of each satellite is an ellipse with the Earth centred at 

one focus. 

 

2. The line joining the satellite and the center of the Earth sweeps 

out equal areas in equal times. The area is bounded by the arc 

segment of the orbit and two lines that extend from the centre 

of the Earth. 

 

3. The square of the period of a satellite is proportional to the cube 

of its mean distance from the centre of the Earth. That 

relationship is plotted in Figure9 to give an idea of the 

relationship between altitude and orbital period. 

 

 

Lower Earth orbit (LEO) systems employ satellites at altitudes ranging 

from 500 to 1,000 km. Over that range, the orbit period is between 1.6 

and 1.8 hours, the higher orbit resulting in a slightly longer period of 

revolution. The reason for that small change in period is that it is the 

distance from the centre of the Earth that determines the period, not the 

elevation above sea level.  

 

The altitude of a medium Earth orbit (MEO) is around 10,000 km (a 

period of about 6 hours). Between 2,000 and 8,000 km, there is an 
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inhospitable environment for electronic components produced by the 

Van Allen radiation belt. The principal advantage of LEO satellites is 

the shorter range that the radio signal has to traverse, requiring less 

power and minimizing propagation delay. The range of delay for a 

single up-down hop is shown at the top of the right-hand graph in 

Figure 1.8. Their short orbital period produces relatively brief durations 

when a given satellite can serve a particular user. For altitudes in the 

range of 8,000 to 10,000 km, a MEO satellite has a much longer period 

and thus tends to óóhangôô over a given region on the Earth for a few 

hours. Transmission distance and propagation delay are greater than for 

LEO but still significantly less than for GEO. In the case of the latter, 

there are really two classes of orbits that have a 24-hour period. 

 

A geosynchronous orbit could be elliptical or inclined with respect to 

the equator (or both). The special case of an equatorial 24-hour circular 

orbit, in which the satellite appears to remain over a point on the ground 

(which is on the equator at the same longitude where the satellite is 

maintained), is called GEO. A 24-hour circular geosynchronous orbit 

that is inclined with respect to the equator is not GEO because the 

satellite appears to move relative to the fixed point on the Earth. A GEO 

satellite would not require ground antennas that track the satellite, 

while an inclined geosynchronous orbit satellite might. Other non-GEO 

orbits have been used at various times, such as the highly elliptical 

Earth orbit (HEO) to allow coverage of northern latitudes (Figure10). 
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Figure 9. Orbit Period (in hours) versus altitude, based on Keplerôs 

third law. 

 

Figure 10. The three most popular orbits for communication 

satellites are LEO, MEO, and GEO.  

 

The respective altitude ranges are 500 km to 1,000 km for LEO; 5,000 

km to 12,000 km for MEO; and 36,000 for GEO. Only one orbit per 

altitude is illustrated, even though there is a requirement for multiple 

orbits for LEO and MEO satellites to provide continuous service. 

 

3.2 Satellite Network Architectures 

Any communications satellite performs the function of a microwave 

relay in a telecommunications network. The most basic type of relay is 

the bent-pipe style of satellite, which does not alter the nature of the 

transmissions between Earth stations. The Earth stations in this case 

must organize their transmissions to efficiently use the satelliteôs 
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repeater resources and to allow the various points on the ground to 

transfer or exchange the required information that then determines the 

basic network structure for the particular application. In more advanced 

repeaters with on board processing, the satellite performs other network 

functions such as switching the connections between stations or even 

modifying the format of transmission to further improve the efficiency 

of transmission. All that is carried out whether there is a single GEO 

satellite or a constellation of non-GEO satellites serving the network. 

From the usersô perspective, the specific nature of the space segment 

may be irrelevant. However, the design, operation, and, more 

important, the required investment, all depend heavily on the way the 

architecture is put together.  

 

 

3.3 General Features of Satellite Networks 

The property which a satellite network provides via links between users 

is called connectivity. The three generic forms of connectivity are  

ü point-to-point,  

ü point-to-multipoint, 

ü Multi -point interactive. 

 

i. The first uses of satellites were for point-to-point links 

between fixed pairs of Earth stations. Communication 

from one station to the other is on a dedicated path over 

the same satellite. Therefore, two links are needed to 

allow simultaneous communication in both directions. 

That is how the typical telephone conversation or 

interactive data link functions. The link can remain in 

place for an extended period, called preassigned service, 

or be put into place for the duration of a conversation, 

called demand-assigned service. The point-to-point link 

(Figure11) allowed satellites to create a worldwide 

network of telephone circuits, providing a solid 

foundation for international telecommunications 

development. That was before the days of high-capacity 

fibre optic cable, a technology that pushed satellites out 

of this role. Since the 1980s, satellites are used largely 
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for point-to-multipoint connectivity, also called 

broadcast. 

 

ii.  As shown in Figure12, a single uplink station can 

transmit a continuous stream of information to all 

receiving points within the coverage area. Satellites like 

Galaxy 1R in the United States, Astra 1 in Europe, and 

JCSAT in Japan all use that broadcast mode to transmit 

television programming to large user populations, thus 

using the wide-area coverage of a GEO satellite to its 

greatest extent. 

 

 

iii.  Adding a transmit capability to each receive terminal is 

a technique to convert the broadcast system into a 

multipoint interactive network. Each remote site 

employs a type of Earth station called a very small 

aperture terminal (VSAT). The broadcast half of the 

link transmits bulk information to all receiving points. 

Those points, in turn, can transmit their individual 

requests or replies back to the originating point over the 

same satellite. The value of this approach is at its 

highest when most of the information transfer is from 

the large Earth station, shown on the left in the figure. 

For example, a subscriber might request to download an 

information file containing a software program or short 

movie, all in digital form. That request is received by 

the large Earth station, which then transmits the file over 

the broadcast link. Files and streaming video can be 

broadcast to many VSATs using the multicast feature of 

the Internet Protocol. Terrestrial copper and fibre optic 

cable networks can create all those connectivity, but 

they do so by stringing point-to-point links together. 

 

iv. Satellite networks, on the other hand, are inherently 

multipoint in nature and have a decided advantage over 

terrestrial fixed networks whenever multipoint 

connectivity is needed. It depends on many variables to 

determine if this advantage exists in a particular 
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example. A key variable is the capacity of the link, 

commonly called the bandwidth. In digital 

communication, bandwidth is measured in bits per 

second (bps). What control those variables are the 

particular aspects of the telecommunications 

application that the satellite network delivers. The rest 

of this section reviews many of those variables, relating 

them to how they are addressed in a particular satellite 

network design. 

 

 

Figure11. The most basic two-way satellite link provides point-to-

point connectivity. 
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Figure 12. Point-to-multipoint (broadcast) connectivity delivers 

the same information over the satellite coverage footprint. 

 

 

4.0 SELF ASSESSMENT EXERCISE  

 

Define the term Connectivity.  

List and explain the three generic forms of connectivity. 

 

5.0 CONCLUSION 

You have learnt in this unit the various satellites Orbit 

Configurations, Satellite Network Architectures and General Features 

of Satellite Networks. 

 

6.0 SUMMARY 

In this unit, you have learnt that: 

¶ Behaviour of a satellite in Earth orbit follows Keplerôs laws of 

planetary motion. 

¶ Lower Earth orbit (LEO) systems employ satellites at altitudes 

ranging from 500 to 1,000 km. 

¶ The altitude of a medium Earth orbit (MEO) is around 10,000 

km (a period of about 6 hours). 



68 
 

¶ The most basic type of relay is the bent-pipe style of satellite, 

which does not alter the nature of the transmissions between 

Earth stations. 

¶ The property which a satellite network provides via links 

between users is called connectivity. 

¶ The three generic forms of connectivity are; point-to-point, 

point-to-multipoint, Multi-point interactive. 

 

 

7.0 TUTOR MARKED ASSIGNMENT  

1. Write short notes on the following: 

a. Lower earth orbit (LEO) 

b. Medium earth orbit (MEO) 

c. Geosynchronous earth orbit (GEO) 

 

2. Briefly explain the following 

ü point-to-point,  

ü point-to-multipoint, 

ü Multi -point interactive. 
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1.0 INTRODUCTION  

 

This unit identifies the structure and key features of satellite 

communication and reviews some of the more basic concepts in a 

nontechnical style. It provides an easy-to-understand overview of the 
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technology and its applications. It begins with the list of the various 

advantages of satellite communications and moves into the use of 

Microwave Frequencies. 

 

 

2.0 OBJECTIVES 

 

At the end of this unit the reader should be able to: 

¶ List the advantages of Satellite Communication. 

¶ List the characteristics of microwave link. 

¶ Understand and discuss the concept of Digital Transmission, 

Compression and Routing. 

¶ Explain the principle of Cable Television. 

¶ To discuss the three main aspects of the mobile sector. 

 

 

 

3.0 MAIN CONTENT  

 

3.1 Advantages of Satellite Communication 

 

¶ Satellites are used extensively for a variety of communication 

applications as a result of some well-recognized benefits. These 

derive from the basic physics of the system, the most important 

of which is that a satellite can óóseeôô a substantial amount of 

geography at one time.  

 

¶ Satellites employ microwave radio signals and thereby benefit 

from the freedom and mobility of wireless connections. Several 

advantages are interrelated, while others will become more 

important as the technology and applications evolve. The point 

of these benefits is that satellite communication can represent a 

powerful medium when the developer of the system or service 

plays to its strengths.  

 

¶ Satellite TV networks (which deliver programming directly to 

subscribers by satellite), national department store chains 
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(which use VSAT networks to overcome the limitations of poor 

or fragmented terrestrial data communication networks), and 

ocean shipping lines (which demand reliable ship-to-shore 

communication) depend on satellites as their lifeôs blood. If you 

can find that kind of connection through satellite technology, 

then you have a powerful bond on which to build and extend a 

business or strategic opportunity. 

 
 

¶ Mobile/Wireless Communication, Independent of Location 

Any users with an appropriate Earth station can employ a 

satellite as long as they are within its footprint. A properly 

designed service establishes an effective radio link between the 

satellite and the user. If that is possible, the radio link is said to 

óóclose.ôô The user can be stationary (fixed in the terminology) 

or in motion (i.e., mobile). As long as the link closes, the service 

will be satisfactory for the intended purpose. The phone is 

oriented so that the back of the modem is pointed toward the 

satellite position in the equatorial arc. 

 

¶ Wide Area Coverage: Country, Continent, or Globe 

While governments control radio services within their borders, the 

coverage footprint of a satellite does not obey provincial, national, or 

continental boundaries. When designed properly, a satellite can serve 

any size region that can see it. As mentioned earlier, a GEO satellite 

can see about one-third of the Earthôs surface. Satellites can be 

collocated at one orbit position to deliver greater quantities of 

communication channels, as illustrated for the SES Astra series of 

satellites (Figure13). A non-GEO constellation like Iridium extends 

coverage beyond what one satellite sees through a web of inter-satellite 

links. 

 

 

¶ Wide Bandwidth Available Throughout 

Frequency spectrum availability for satellites is quite good, and 

satellite users have enjoyed ample bandwidth, principally for fixed 

services. Bandwidth is the measure of communication capacity in terms 

of hertz (Hz), either for the amount of radio spectrum used or for the 

input information that is delivered to the distant end of the link. Most 
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of the satellites in GEO employ microwave frequencies generally 

between 3.5 and 6.5 GHz (C-band) and between 10.5 and 14.5 GHz 

(Ku-band). It is common to also refer to the actual transfer rate of user 

data as bandwidth, although this is really measured in bits per second 

and not Hz. 

 

¶ Independence from Terrestrial Infrastructure 

By providing a repeater station in space, a satellite creates an 

independent microwave relay for ground-based radio stations. 

Installing Earth stations directly at the point of application allows users 

to communicate without external connections. That can be attractive in 

places where the terrestrial infrastructure is poor or expensive to install 

or employ. For example, small telephone Earth stations in China extend 

reliable voice and data services to remote western regions of the 

country. 

 

 

 

¶ Rapid Installation of Ground Networks 

Once the satellite (or satellite constellation, in the case of a non-GEO 

system) is operational, individual Earth stations in the ground segment 

can be activated quickly in response to demand for services. Each Earth 

station can be installed and tested in a short time frame, depending on 

the degree of difficulty associated with the particular site. That is much 

simpler than for a terrestrial infrastructure, which requires an extensive 

ground construction program, including securing rights-of-way along 

cable routes or for towers in the case of microwave or other terrestrial 

wireless systems.  

 

Maintenance of a ground-based infrastructure also is substantially more 

expensive and complex, due to the greater quantity of working 

elements and the opportunities for failure. Satellite communication 

plays a unique and vital role in restoring basic communications 

following a disaster. This was illustrated in the United States following 

the hurricanes of 2005. Installations like that shown in Figure8 can be 

transported to a disaster site by truck, helicopter, or airplane, and 

erected in minutes. Normal broadband applications like high-speed 

Internet, telephone, and video are provided with this type of 
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installation. Satellite communication is often the only way to deliver 

these services when the existing terrestrial infrastructure is destroyed. 

 

Figure13. Television services are delivered throughout Europe on 

the SES Astra GEO satellites, operated at 19.2°WL (Elbert, 2008). 

 

 

3.2 The Use of Microwave Frequencies 

 

Satellites were not the first to employ microwave frequencies, which 

generally extend from about 1,000 MHz (1 GHz) to 30 GHz. That range 

was first developed during World War II for radar defence, then applied 

to various terrestrial communication systems between 1950 and 1980. 

As a result, the technology base existed at the time that satellite 

repeaters came into vogue. The microwave link generally is 

characterized by the following properties: 

 

¶ Line-of-sight propagation through space and the atmosphere; 

¶ Blockage by dense media, like hills, tree trunks, solid buildings, 

metal walls, and at higher frequencies, heavy rain; 

¶ Wide bandwidths, compared to the following lower frequency 

bands: high frequency (HF) shortwave radio, very high 
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frequency (VHF) TV, frequency modulation (FM) radio, and 

ultrahigh frequency (UHF) land mobile radio; 

¶ Compact antennas typically using metal reflectors, which can 

focus energy in a desired direction (thus providing gain over an 

antenna with broad or omni-directional radiation properties); 

¶ Transmission through metal waveguide structures as opposed 

to wire conductors; 

¶ Somewhat reduced efficiency of power amplification, which is 

the ratio of radio frequency (RF) power out divided by the direct 

current (dc) power in. 

 

3.3 Digital Transmission, Compression and Routing 

Digital communication and processing technologies have made a 

tremendous impact on satellites and their applications. From the time 

that satellites were introduced commercially in 1965, engineers 

foresaw the benefits of using digital approaches in lieu of transmitting 

information in analog form. Through developments in digital cellular 

systems, computing, image processing, and data communication, the 

foundation for greater exploitation of satellite networks exists today. 

 

Mooreôs law of semiconductor technology, which states that there is a 

doubling of the density of transistors on a chip (and hence the power of 

computing and capacity for data storage) every 18 months, propels all 

aspects of information-based high technology. Earth stations that once 

were housed in buildings were reduced to the size of a clock radio. Such 

óósmartsôô now are contained in hand-held units for voice 

communications. Along with the hardware technology is a body of 

standards that defines how information can be digitized, compressed 

down to a small fraction of the number of bits previously demanded, 

and transferred in effective bundles for a complete end-user service. 

The most notable is the Motion Picture Experts Group (MPEG) series 

of standards geared toward television and multimedia.  

 

Other digital standards facilitate voice compression, two-way digital 

video teleconferencing, and highly interoperable information 

networks. Notable among terrestrial protocols are the Internet standard, 

Transmission Control Protocol/Internet Protocol (TCP/IP), and 
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Asynchronous Transfer Mode (ATM). Satellite networks support those 

protocols that are the foundation of modern telecommunications. 

 

3.4 Cable Television 
 

The cable television medium has achieved widespread acceptance in 

major cities around the world, with 70% of North American households 

subscribing to cable service. Originally a means to bring over-the-air 

broadcasts into remote areas with otherwise poor reception, a cable TV 

system uses coaxial and fibre optic cable to connect to each home 

through a point-to-multipoint distribution network. The arrangement of 

a typical local cable TV system is shown in Figure 14. The 

programming material is collected at the head end, which has high-gain 

receiving antennas to pick up TV signals with reasonably good quality. 

In fact, the original name for cable TV was CATV, standing for 

community antenna television. A studio may be provided at a point 

between the head end and the cable distribution network for playback 

of commercials, limited program origination and organization of video-

on-demand (VOD) services. Unlike over-the-air broadcasting, viewers 

(called subscribers) pay a monthly fee for reception of the several TV 

channels delivered by the cable (many of which are óófreeôô advertising 

supported by local and distant TV stations). 

 

More recently, telephone companies are entering the business using a 

combination of fibre-to-the-home (FTTH) and Internet Protocol TV 

(IPTV). 
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Figure 14.Typical layout of a cable TV system. 
 
 

 

3.5Mobile Satellite Communications 
 

The majority of satellite applications discussed up to this point have 

been to serve fixed points of the ground. While fixed satellite services 

represent the majority of the commercial business, mobile satellite 

communications applications have risen to the point of being more than 

an industry niche. We discuss three main aspects of the mobile sector: 

 

¶ interactive two-communications using the Mobile Satellite 

Service (MSS);  

¶ Satellite Digital Audio Radio Service (S-DARS),  

¶ Hybrid system currently under development called ancillary 

terrestrial component (ATC).  

 

All of these employ the portion of the radio spectrum below C-band 

known as L -band and S-band. As such, they enjoy somewhat 

improved propagation in free space as compared to the higher 

frequencies that are subject to rain attenuation. Complementary 
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portions of L- and S-band are likewise employed by terrestrial wireless 

services like 3G cellular (EDGE, CDMA 2000, and WCDMA), WiFi 

(IEEE 802.11x), and WiMAX (IEEE 802.16x). 
 

 
Figure 15.An example of a content distribution network in retail 

service, using a Ku-band GEO satellite. (Source: JSAT 

International, Inc.)  

 
 

4.0 SELF ASSESSMENT EXERCISE  

Discuss four advantages of Satellite Communication. 

 

5.0 CONCLUSION 

You have learnt in this unit the basic concept of satellite 

communication and its various advantages. You also learnt the use of 

Microwave Frequencies and the Cable Television. 

 

 

6.0 SUMMARY 

In this unit, you have learnt that: 

¶ Satellites employ microwave radio signals and thereby benefit 

from the freedom and mobility of wireless connections. 

¶ The phone is oriented so that the back of the modem is pointed 

toward the satellite position in the equatorial arc. 



78 
 

¶ Bandwidth is the measure of communication capacity in terms 

of hertz (Hz), either for the amount of radio spectrum used or 

for the input information that is delivered to the distant end of 

the link. 

¶ By providing a repeater station in space, a satellite creates an 

independent microwave relay for ground-based radio stations. 

 

¶ The microwave link generally is characterized by the following 

properties: 

 

V Line-of-sight propagation through space and the 

atmosphere; 

V Blockage by dense media, like hills, tree trunks, solid 

buildings, metal walls, and at higher frequencies, heavy 

rain; 

V Wide bandwidths, compared to the following lower 

frequency bands: high frequency (HF) shortwave radio, 

very high frequency (VHF) TV, frequency modulation 

(FM) radio, and ultrahigh frequency (UHF) land mobile 

radio; 

V Compact antennas typically using metal reflectors, 

which can focus energy in a desired direction (thus 

providing gain over an antenna with broad or omni-

directional radiation properties); 

V Transmission through metal waveguide structures as 

opposed to wire conductors; 

V Somewhat reduced efficiency of power amplification, 

which is the ratio of radio frequency (RF) power out 

divided by the direct current (dc) power in. 

 

7.0 TUTOR MARKED ASSIGNMENT  

i. Discuss the fundamentals of satellite systems. 

ii.  List five basic characteristics of satellites. 

iii.  Discuss four advantages of satellite communication. 

iv. a. What do you understand by Digital transmission? 

b. Define the term Transponder. 

      v.        Describe the principles of the Cable Television.  
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Vi. An earth station is located at 79:34o W longitude and 37:09o N 

latitude. Calculate its look angle and range to a geosynchronous 

satellite whose sub-satellite point is located at 102o W longitude. 

vii.  Briefly describe the usefulness of an antenna in satellite 

communication. 
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UNIT1 INTRODUCTION TO ATMOSPHERIC SCIENCE  

CONTENT 
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2.0 Objectives 
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3.2 Meteorology and Forecasting 

3.3 Weather and Climate 
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6.0 Summary 
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1.0 INTRODUCTION  

Atmospheric sciences is an umbrella term for the study of the 

atmosphere, its processes, the effects other systems (such as the oceans) 

have on the atmosphere, and the effects of the atmosphere on these 

other systems. It is subdivided into six areas i.e. Meteorology and 

Forecasting, Atmospheric Physics, Atmospheric Chemistry, 

Atmospheric Dynamics, Climatology and Extra-terrestrial Planetary 

Atmospheric Science. 

 

 

 



82 
 

0.0 OBJECTIVES 

At the end of this unit, the reader should be able to: 

¶ Define Atmospheric science. 

¶ List the various subdivisions of Atmospheric science. 

¶ Understand the basics of Meteorology and forecasting. 

¶ Draw the weather map observation symbols. 

¶ Differentiate between Weather and Climate. 

¶ Understand the chemical composition of Air. 

 

1.0 MAIN CONTENT  

3.1Scope of Atmospheric Sciences  

Atmospheric sciences is an umbrella term for the study of the 

atmosphere, its processes, the effects other systems (such as the oceans) 

have on the atmosphere, and the effects of the atmosphere on these 

other systems. Meteorology includes atmospheric chemistry and 

atmospheric physics with a major focus on weather forecasting. 

Climatology is the study of atmospheric changes (both long and short-

term) that define average climates and their change over time, due to 

both natural and anthropogenic climate variability. Aeronomy is the 

study of the upper layers of the atmosphere, where dissociation and 

ionization are important. Atmospheric science has been extended to the 

field of planetary science and the study of the atmospheres of the 

planets of the solar system.... The term Aerology is sometimes used as 

an alternative term (to atmospheric sciences) for the study of Earth's 

atmosphere. 

Major Subdivisions of Atmospheric Sciences  

V Meteorology and Forecasting  

V Atmospheric Physics  

V Atmospheric Chemistry  

V Atmospheric Dynamics  

V Climatology  

V Extraterrestrial Planetary Atmospheric Science 
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3.2Meteorology and Forecasting  

Meteorology focuses on weather and short term forecasting. The name 

ñMeteorologyò derives from Aristotleôs Meterologica, which 

purported to describe weather and climate. The term meteor referred to 

things that fell from the sky or were found in the sky, and the Greek 

word meteoros meant ñhigh in the airòor ñraised, lofty, an alterationò.  

ñMeteorology and climatology are rooted in different parent 

disciplines, the former in physics and the latter in physical geography. 

They have, in effect, become interwoven to form a single discipline 

known as the atmospheric sciences, which is devoted to the 

understanding and prediction of the evolution of planetary atmospheres 

and the broad range of phenomena that occur within them.ò It often 

combines: 

 

Å Observation (discrete measurements of actual conditions (T, dew 

point, P, wind, cloud cover, precipitation, etc.) using surface station 

measurements, radiosonde soundings, radar, satellite data, etc.). These 

discrete observations are depicted on weather maps using compact 

weather symbols. 

Å Analysis: Accurate long-range weather prediction has proven to be 

virtually impossible, due to chaotic non-linear phenomena and extreme 

sensitivity to initial conditions as first discovered by Edward N. 

Lorenz. 

 

 Å Forecasting (Predicting Weather): Meteorology includes 

atmospheric chemistry and physics but has a major focus on weather 

forecasting. Weather-related observations (measurements) are 

currently made with: Surface stations (including the ASOS systems) 

Upper-air stations (using radiosondes, rawinsondes, and rocketsondes) 

Ground-based weather surveillance Radar (WSR). In addition to T °C, 

Dew Point °C, Wind barb (speed in kts and direction), sky cloud cover, 

and pressure (SLP mb) or pressure height (dam or m) indicators, 

weather map observations may include some of the following 

commonly used symbols (Figure16): 
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Figure16. Weather map observation symbols. 

 

3.3Weather and Climate  

Weather  

Weather describes the simultaneous state of certain atmospheric bulk 

conditions and phenomena in the Earthôs troposphere; temperature, 

humidity or moisture, precipitation, cloud pattern, fog, wind velocity, 

barometric pressure, etc. at a given place (or over broad areas of the 

Earth), and at a given time or on a day-to-day basis, or with timescales 

of at most a few weeks. ñWhen such a collection of weather elements 

is part of an interrelated physical structure of the atmosphere, it is 

termed a weather system, and includes phenomena at all elevations 

above the ground.ò 

In contrast, such atmospheric phenomena on much longer timescales 

are described by climate. Neither of these terms includes other 

atmospheric properties and phenomena such as cosmic rays, other 

radiations, and chemical constituents.  
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Climate  

Climate refers to the average daily and seasonal weather conditions 

(such as air temperature, humidity, wind, and precipitation). Seasonal 

climate prediction is the process of estimating the most probable 

condition of the average surface temperature and precipitation for the 

future. Climate prediction is typically expressed as the departure from 

a long-term average, or so-called normal climate. It is expressed in 

terms of the probability that subsequent seasonally averaged U.S. 

temperature and precipitation will be below, above, or near this normal 

climate state. Climate prediction is different from weather prediction 

in that it forecasts the most probable averaged state of the environment, 

rather than the daily sequence of environmental changes. 

 

The IPCC defines climate as follows: 

ñClimate in a narrow sense is usually defined as the óaverage weatherô, 

or more rigorously, as the statistical description in terms of the mean 

and variability of relevant quantities over a period of time ranging from 

months to thousands or millions of years. The classical period is 30 

years, as defined by the World Meteorological Organization (WMO). 

These quantities are most often surface variables such as temperature, 

precipitation, and wind. Climate in a wider sense is the state, including 

a statistical description, of the climate system.ò 

 

Climate Variability versus Climate Change  

Climate Change and Variability describe phenomena affecting the 

atmosphere (and related effects in the oceans) that are seen over 

particular time periods lasting months, a few years, or longer. 

The phrase climate change, a linguistically neutral term though 

politically somewhat controversial subject appears to be applied to 

what has been deduced to be human-caused climate changes including 

global warming. It may be termed anthropogenic climate change to the 

extent that this causation has been established; certainly a large fraction 

of the recent global warming appears anthropogenic.  
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The Earth's climate is dynamic and naturally varies on seasonal, 

decadal, centennial, and longer timescales. Each "up and down" 

fluctuation can lead to conditions which are warmer or colder, wetter 

or drier, more stormy or quiescent. Analyses of decadal and longer 

climate records and studies based on climate models suggest that many 

changes in recent decades can be attributed to human actions; these 

decadal trends are referred to as climate change. The effects of climate 

variability and change ripple throughout the environment and 

societyðindeed touching nearly all aspects of the human endeavour 

and the environment. 

Perhaps the most well understood occurrence of climate variability is 

the naturally occurring phenomenon known as the El Niño-Southern 

Oscillation (ENSO), an interaction between the ocean and the 

atmosphere over the tropical Pacific Ocean that has important 

consequences for weather around the globe. 

The ENSO cycle is characterized by coherent and strong variations in 

sea-surface temperatures, rainfall, air pressure, and atmospheric 

circulation across the equatorial Pacific. El Niño refers to the warm 

phase of the cycle, in which above-average sea-surface temperatures 

develop across the east-central tropical Pacific. La Niña is the cold 

phase of the ENSO cycle. The swings of the ENSO cycle typically 

occur on a time scale of a few years. These changes in tropical rainfall 

affect weather patterns throughout the world... Climate variability is 

manifested in other ways as well. Decadal and seasonal shifts in wind 

patterns and sea surface temperatures in the Atlantic cause changes in 

hurricane frequency, for example. 

 
Chemical Composition of Air (Fixed and Variable Components): 

Tables here are derived from Wikipedia76 and from RAH. See also 

Standard Atmospheres in Glossary. 

 

 

 

 

 

Fixed Gases 
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Gas  Concentration by Volume  

Nitrogen (N2)  780,840 ppmv 78.084%)  

Oxygen (O2)  209,460 ppmv 20.946%)  

Argon (Ar)  9,340 ppmv 0.9340%)  

Carbon dioxide (CO2)  390 ppmv770.039%)  

Neon (Ne)  18.18 ppmv 0.001818%)  

Helium (He)  5.24 ppmv 0.000524%)  

Methane (CH4)  1.79 ppmv 0.000179%)  

Krypton (Kr)  1.14 ppmv 0.000114%)  

Hydrogen (H2)  0.55 ppmv 0.000055%)  

Nitrous oxide (N2O)  0.3 ppmv 0.00003%)  

Carbon monoxide (CO)  0.1 ppmv 0.00001%)  

Xenon (Xe)  0.09 ppmv 9 × 10ī6%)  

Ozone (O3)  0.0 to 0.07 ppmv 0 to 7 × 10ī6%)  

Nitrogen dioxide (NO2)  0.02 ppmv 2 × 10ī6%  

Iodine (I)  0.01 ppmv 1 × 10ī6%  

Ammonia (NH3)  trace  

 

 

Variable Components 

Gas or Other Component  

 

Concentration by Volume  

 

Water vapor (H2O)  0.40% over full atmosphere, 

typically 1%ï4% at surface  

Particulates: dust, pollen and 

spores, sea spray and salt, 

volcanic ash  

0.01 - 0.15 ppmv 

Chlorofluorocarbons (CFCs).  0.0002 ppmv 

Misc. industrial and 

anthropogenic pollutants causing 

air pollution: Cl2 and other 

chlorine compounds, fluorine 

compounds, Hg, NO (nitric 

oxide), SO2 (sulfur dioxide), SO3 

(sulfur trioxide), other sulfur 

compounds, etc. 

variable  
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4.0 SELF ASSESSMENT EXERCISE  

 

List and explain the Major Subdivisions of Atmospheric Sciences. 

 

5.0 CONCLUSION 

In this unit, as a way of introduction, you have learnt the basics 

of Atmospheric science focusing more on meteorology and 

forecasting. 
 

6.0 SUMMARY 

In this unit you have learnt that: 

¶ Atmospheric sciences is an umbrella term for the study of the 

atmosphere, its processes, the effects other systems (such as the 

oceans) have on the atmosphere, and the effects of the atmosphere on 

these other systems. 

¶ Meteorology includes atmospheric chemistry and atmospheric 

physics with a major focus on weather forecasting. Climatology is the 

study of atmospheric changes (both long and short-term) that define 

average climates and their change over time, due to both natural and 

anthropogenic climate variability. 

¶ Aeronomyis the study of the upper layers of the atmosphere, where 

dissociation and ionization are important. 

¶ Major Subdivisions of Atmospheric Sciences are: Meteorology 

and Forecasting, Atmospheric Physics, Atmospheric 

Chemistry, Atmospheric Dynamics, Climatology and Extra-

terrestrial Planetary Atmospheric Science. 

 

7.0 TUTOR MARKED ASSIGNMENT  

 

1. Define Atmospheric Science. 

2. List and explain the major subdivisions of Atmospheric science. 

3. Differentiate between Weather and climate. 

4. Draw the weather map observation symbols. 

 

 

 

 

8.0 REFERENCES/FURTHER READING 
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Introduction to Atmospheric Science, Summary of notes and materials 

related to University of Washington introductory course Atm S 301, 

taught Fall 2010 by Professor Robert A. Houze (RAH), and compiled 

by Michael C. McGoodwin (MCM). 
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1.0 INTRODUCTION  

The Atmosphere is a mixture of gases surrounding any celestial object 

that has a gravitational field strong enough to prevent the gases from 

escaping; especially the gaseous envelope of Earth. The principal 

constituents of the atmosphere of Earth are nitrogen (78 percent) and 

oxygen (21 percent). The atmospheric gases in the remaining 1 percent 

are argon (0.9 percent), carbon dioxide (0.03 percent), varying amounts 
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of water vapour, and trace amounts of hydrogen, ozone, methane, 

carbon monoxide, helium, neon, krypton, and xenon. 

 

4 OBJECTIVES 

At the end of this unit the reader should be able to: 

¶ List and explain the atmospheric layers. 

¶ Define Hadley cell, Ferrell cell and polar cell. 

¶ Define Atmospheric pressure. 

¶ Differentiate between Convergence and Divergence inflow of 

air molecules.  

¶ Explain Fronts and their relation to Baroclinic Waves 

 

5 MAIN CONTENT  

3.1Atmospheric Layers and Relation to Temperature  

Below is the atmospheric layers listed beginning with the lowest.  

 

Troposphere (0 to 6ï20 km)  

The troposphere begins at the Earth's surface and extends up to 4-12 

miles (6-20 km) high. This is where we live. As the density of the gases 

in this layer decrease with height, the air becomes thinner. Therefore, 

the temperature in the troposphere also decreases with height. As you 

climb higher, the temperature drops from about 62°F (17°C) to -60°F 

(-51°C). Almost all weather occurs in this region... The height of the 

troposphere varies from the equator to the poles. At the equator it is 

around 11-12 miles (18-20 km) high, at 50°N and 50°S, 5½ miles and 

at the poles just under four miles high. The transition boundary between 

the troposphere and the stratosphere is called the tropopause. Together 

the tropopause and the troposphere are known as the lower atmosphere. 

Stratosphere (6ï20 km to ~50ï55 km)  
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The Stratosphere extends from the tropopause up to 31 miles above the 

Earth's surface. This layer holds 19 percent of the atmosphere's gases 

but very little water vapour... Temperature increases with height as 

radiation is increasingly absorbed by oxygen molecules leading to the 

formation of Ozone. The temperature rises from an average -76°F (-

60°C) at tropopause to a maximum of about 5°F (-15°C) at the 

stratopause due to this absorption of ultraviolet radiation. This increase 

is temperature with height means no "convection" occurs since there is 

no vertical movement of the gases... The transition boundary which 

separates the stratosphere from the mesosphere is called the 

stratopause. The regions of the stratosphere and the mesosphere, along 

with the stratopause and mesopause, are called the middle atmosphere 

by scientists. 

 

Mesosphere (~50ï55 km to 80ï85 km)  

The mesosphere extends from the stratopause to about 53 miles (85 

km) above the earth. The gases, including the oxygen molecules, 

continue to become thinner and thinner with height. As such, the effect 

of the warming by ultraviolet radiation also becomes less and less 

leading to a decrease in temperature with height. On average, 

temperature decreases from about 5°F (-15°C) to as low as -184°F (-

120°C) at the mesopause. However, the gases in the mesosphere are 

still thick enough to slow down meteorites hurtling into the 

atmosphere, where they burn up, leaving fiery trails in the night sky. 

Thermosphere (80ï85 km to 690 km)  

The Thermosphere extends from the mesopause to 430 miles (690 km) 

above the earth. This layer is known as the upper atmosphere... The 

gases of the thermosphere are increasingly thinner than in the 

mesosphere. As such, incoming high energy ultraviolet and x-ray 

radiation from the sun, absorbed by the molecules in this layer, causes 

a large temperature increase. Because of this absorption, the 

temperature increases with height and can reach as high as 3,600°F 

(2,000°C) near the top of this layer; however, despite the high 

temperature, this layer of the atmosphere would still feel very cold to 
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our skin because of the extremely thin air. The total amount of energy 

from the very few molecules in this layer is not enough to heat our skin. 

 

Exosphere (690 km to 10,000 km)  

The Exosphere is the outermost layer of the atmosphere. It extends 

from the thermopauseðthe transition boundary which separates the 

exosphere from the thermosphere belowðto 6,200 miles (10,000 km) 

above the earth. In this layer, atoms and molecules escape into space 

and satellites orbit the earth. 

 

 

3.2Global Air Circulation and Winds  

Although many regions have special winds of their own (partially 

discussed below), there are certain generalizations that can be made 

about global wind patterns. Such discussion invariably starts with an 

idealized model of an ocean planet (Figure17) having no land surfaces 

and with rotation in the same direction of the Earth but with no 

rotational axis tilt with respect to the sun. Computations using this 

model predict the following patterns: 

 
Figure17. Idealized ocean planet model surface winds and vertical circulations 

from http://en.wikipedia.org/wiki/Global_winds  

 

http://en.wikipedia.org/wiki/Global_winds
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With the addition of the Earthôs major land masses, which are much 

more extensive in the NH than the SH, plus the planetary tilt of 24.4º 

(varying from 22.1° to 24.5º), we get a more typical model of Earth 

pattern of winds (still ignoring in this diagram any seasonal or local 

wind variations) Figure18: 

 

 
 

Figure18. Realistic averaged global air circulations from 

Wikipedia http://en.wikipedia.org/wiki/Global_winds 
 

 
 

 

These diagrams show the directions prevailing for surface winds, 

including the trades and the mid-latitude westerlies (in both 

hemispheres). The Intertropical Convergence Zone is discussed below. 

The Hadley cell (named after George Hadley) and the Mid-latitude cell 

depict major vertical and upper level components of normal global 

http://en.wikipedia.org/wiki/Global_winds

