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COURSE GUIDE

INTRODUCTION

PHY 205 INTRODUCTION TO SPACE PHYSICS is a twe
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 intoduce you to Astronomy and Astrophysics;

and how astronomers work. Also, it will give you a clear
understanding of the motion of
planetary motion.The course will also introduce you to the
concepts of satellite communicatigximospheric 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 tothe principles and concepts of Space Physias

also to prepareyou towards scientific advancement in
atmospheric physicspcket engineeringmong others.



COURSE OBJECTIVES
After going through the course, you should be able to:

1 Explainwhat Astronomys, what it studies and part of the theories
and knowledge built around it.

Describethe constituents of the solar system.

List the fundamentals of Satellite communication
List the basic characteristio$ satellites

List the advantages of satellite communication
Explain the satellite Network Architectures
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Explain Meteorologyand forecasting in relation to
Weatherand climate.

State the first law ofhermodynamics.

Understand the space environment.

Explain the principles of Rocket propulsion.

Discussthe Evolution of cosmological theories.
Understand the Space law and Business Development.
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WORKING THROUGH THIS COURSE

To complete this course, yawe 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 fineexamination. 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 ecse 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 followingare 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 ar8htellite Communication
Unitl Introduction to Astronomy

A History of Astronomy
A How Astronomers work

Unit 2 The Solar System

A Our Solar System
A Motion of the Planets

Unit 3 Satellite System

A Fundamentals of Satellite System

A Basic Characteristics &atellites

A Improved space platforms and launching
systems

A Transponder
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A Spacecraft and Repeater
A Spacecraft Communications
A Spacecraft Antennas

Unit 4 Satellite Networks

A Satellite orbit configurations
A Satellite Network Architectures
A General features of SatédliNetworks

COURSE GUIDE
Unit 5 Satellite communications Advantages of Satellite

Communication

A The use of Microwave Frequencies

A The Digital Transmission, Compression and
Routing

A Cable Television

A Mobile Satellite communications

Module 2Atmospheric Science & the space Environment
Unitl Introduction to Atmospheric science

A Scope of Atmospheric Sciences
A Meteorology and Forecasting
A Weather and Climate

Unit 2 Structure of the Atmosphere

A Atmospheric layers and Relation to
Temperature

A Global Air circulation and Winds

A Atmospheric Pressure

A Fronts and their Relation to Baroclinic waves

Unit 3 Thermodynamics



A Gas Laws, Equations of State (Ideal Gas law),
Boyl ebs andCharl esds | aw
A First law of Thermodynamics and Specific
Heat
A Dry Adiabatic processes apatential
temperature

COURSE GUIDE
Unit 4 Atmospheric Dynamics

A Clouds

A Atmospheric kinematics of fluid flow
A Atmospheric Dynamics

A Weather Prediction

Unit 5 The Space Environment

Where is Space?

The Solar System

The Cosmos

Space environment and Spacecraft

v v >

Module 3 Rocket Engineering, Space Exploration & Space Law
Unitl Rocket Engineering

A Principles of rocket propulsion
A Thermal Rockets

Unit 2 The Rotation of the earth

A Rotation of the earth
A Orbits & spaceflight



Unit 3 introduction to Cosmology

A Fundamental observations of modern
cosmology
A Evolution of cosmological theories

Unit 4 Modern Cosmology

A Modern cosmology
A Future of the universe

COURSE GUIDE
Unit 5 Space Law

A International law
A 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 giverby 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 informatiorand the material contained in your reading,
references and study units. However, it is desirable in all degree
levels of education to demonstrate that you hesad and
researched more into your references, which will give you a wider
view point and may qovide 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



coordinator in the presentation schedule and assignment file. If,
for any reason, you cant 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 courssexamination for Introduction to Space Physics
will be about twohours and it has a value of 70% of the total
course work. The examination will consist of questions which
will reflect the self-assessmerdxercisespractice 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 midind it useful to review your
selfassessment exercise, tutoarked assignments and
comments on them before the examination.

COURSE MARKING SCHEME

Assignment Marks Assignments 14 Four
assignments; best three mar
of the four

count at 10% each30% of | End of course

the course marks
Examination 70% of overall course marks
Total 100% of course marks
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MAIN COURSE
CONTENT

Module 1 Introduction to Astronomy and Satellite Communication
Unitl Introduction to Astronomy

A History of Astronomy
A How Astronomers work

Unit 2 The Solar System

A Our Solar System
A Motion ofthe Planets

Unit 3 Satellite System

A Fundamentals of Satellite System

A Basic Characteristics of Satellites

A Improved space platforms and launching
systems

Transponder

Spacecraft and Repeater

Spacecraft Communications

Spacecraft Antennas
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Unit 4 Satellite Networks

A
A
A

Satellite orbit configurations
Satellite Network Architectures
General features of Satellite Networks

Unit 5 Satellite communications

A
A
A

A
A

Advantages of Satellite Communication
The use of Microwave Frequencies

The Digital Transmission, Comg&on and
Routing

Cable Television

Mobile Satellite communications

Module 2 Atmospheric Science & the space Environment

Unitl Introduction to Atmospheric science

A
A
A

Scope of Atmospheric Sciences
Meteorology and Forecasting
Weather and Climate

Unit 2 Structureof the Atmosphere

A

A
A
A

Atmospheric layers and Relation to
Temperature

Global Air circulation and Winds
Atmospheric Pressure

Fronts and their Relation to Baroclinic waves

Unit 3 Thermodynamics
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A Gas Laws, Equations of State (Ideal Gas law),
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A First law of Thermodynamics and Specific
Heat

A Dry Adiabatic processes and potential
temperature

Unit 4 Atmospheric Dynamics

Clouds

Atmospheric kinematics of fluid flow
Atmospheric Dynamics

Weather Prediction
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Unit 5 The Space Environment

A Whereis Space?
A The Solar System
A The Cosmos

A Space environment and Spacecraft

Module 3 Rocket Engineering, Space Exploration & Space Law
Unitl Rocket Engineering

A Principles of rocket propulsion
A Thermal Rockets

Unit 2The Rotation of the earth

A Rotation of the a#h
A Orbits & spaceflight

Unit 3 introduction to Cosmology
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A Fundamental observations of modern
cosmology
A Evolution of cosmological theories

Unit 4 Modern Cosmology

A Modern cosmology
A Future of the universe

Unit 5 Space Law

A International law
A Space treaties

MODULE 1 INTRODUCTION TO ASTRONOMY AND
SATELLITE COMMUNICATION

Unitl Introduction to Astronomy

A History of Astronomy
A How Astronomers work

Unit 2 The Solar System

A Our Solar System
A Motion of the Planets

Unit 3 Satellite System

A Fundamentals datellite System

A Basic Characteristics of Satellites

A Improved space platforms and launching
systems

Transponder

Spacecraft and Repeater

Spacecraft Communications
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A

Spacecraft Antennas

Unit 4 Satellite Networks

A
A
A

Satellite orbit configurations
Satellite Netwodk Architectures
General features of Satellite Networks

Unit 5 Satellite communications

A
A
A

A
A

Advantages of Satellite Communication
The use of Microwave Frequencies

The Digital Transmission, Compression and
Routing

Cable Television

Mobile Satellitecommunications

MODULE 1 INTRODUCTION TO ASTRONOMY AND
SATELLITE COMMUNICATION

Unit 1 Introduction to Astronomy

Unit 2 The Solar System

Unit 3 Satellite System

Unit 4 Satellite Networks

Unit 5 Satellite communications

UNIT1.INTRODUCTION TO ASTRONOMY

CONTENTS
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1.0Introduction
2.00Objectives
3.0Main Content
3.1 History of Astronomy
3.2How Astronomers work

3.2.1 Optical Astronomy

3.2.2 GammaRay and XRay Astronomy

3.2.3 Ultraviolet Astronomy

3.2.4 Infrared Astronomy

3.2.5 Radio Astronomy

3.2.6 Mapping the Sky

a. The Constellations
b. Coordinate Systems
I Altazimuth Systems
. The equatorial System

4.0 SelfAssessmernExercise
5.0Conclusion
6.0 Summary
7.0 Tutor Marked Assignment
8.0 References/Further Reading

1.0INTRODUCTION

Astronomy is the study of the universe and the celestial bodies, gas,
and dustvithin 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 called
astronomers.

2.00BJECTIVES

At the end of this unit, readers should be able to:
1 Understand the meaning of Astronomy and Astrophysics.
1 Understand the History and Origin of Astronomy.
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Understand how Astronomers work.

List and explain thelifferent types of Astronomy.
Understand the mapping of the Sky.

Understand that ost work in astronomincludes three parts,
or phases i.€bservation, analyssnd Comparison of results.
Explain thevarious @ordinate systemgsse by astronomers.
To defineRight Ascensionand Declination.

= =4 =4 -4
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3.0MAIN CONTENT

3.1History 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 cosmolotyg, $tudy 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 astrophystiej and the termastronomerand
astrophysicistire 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 attgein 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 1-&ntury England,
astronomy provided methodsf 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 rearch 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 wabe of practical use to humarmsdvances in
astronomy oer 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 telatev
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 basimoflels of the solar system.

The invention of the telescope in the early 1600s completely changed
scientistsd6 ideas about the struct
discovery of new planets around our own sun. The telescope was also
key to the measumeent 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 Earthos
new sensorsapable of detecting othfarms ofenergy our eyes canot
detect. Examples are-bays gamma rays, infrared or heat energy, and
radio waves. These new windows on the universe have greatly
expanded astronomical knowledd@cient Babylonian, Assyrian, and
Egyptian astronomers all knew thpproximate 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 thelawn sky to

mark the time whan 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 & August 13, 31148c. 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 ofga$ month to total 365 days.
Occasional adjustments were made to allow for the extrdeyua 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, weoh 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 Btish Isles, ancient people usatbne circles to keep
track of the motions of the Sun and Moon. The {x@stwn example is
Stonehenge, a complex array of massive stones, ditches, anthljoles
out in concentricircles. Ancienastronomers 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 gickly, 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 planetd Mercury, Venus, Mars, Jupiter, and Saturalso

have a generally eastward motion against the background oftise st
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, withqaici 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 predictindhé planetary motions and thus furthered the
early progress of astrononfBhattacharya, 2013However, 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 lookthietr 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

19



Professional astronomers usually have access to powerful telescope
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 dditer 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 wosblely 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 sty 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 astrondmers a
all. Solar astronomers use different telescopes than -tingat
astronomer s use, because the Sun i
may never use telescopes at all. Instead, these astronomers use existing
data or sometimes only previous theoretieaults 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 earliegalaxies 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 throughol tuniverse 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.

Astronomes 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 anelplarts of the

spectrum near visible light, such as the shortest infrared wavelengths

and t he | ongest ultraviol et wav e
complicates studies by absorbing many wavelengths of the
electromagnetic spectrum. Gaminggy astronomy, Xay astronomy,

infrared astronomy, ultraviolet astronomy, radio astronomy, visible

light astronomy, cosmicay astronomy, gravitationabave astronomy,

and neutrino astronomy all use different instruments and techniques.

3.2.10ptical Astronomy

Until the20th 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. Opticalasts

use telescopes and imaging equipment to study light from objects.
Professional astronomers today hardly ever actually look through
tel escopes. |l nstead, a tel escope
photographic plate or to an electronic ligi@nsitive omputer chip
called a chargeoupled 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 mirtorgather 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 ligieeOptics:
Reflection and Refrdion). 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
coloursof light by different amounts, so differecloursfocus slightly
differently. Images produced by large lenses can be tingedulihr,

often limiting the observations to those made through filters. Filters
limit the image to oneolourof light, so the lens bends all of the light

in the image the same amount and makesrhage more accurate than
an image that includes atbloursof 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 Wi 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
Admi ni strationos ( NA-BayoQGbgervatGrg, mpt o n
gathergamma ays before Earthdés at mosphe
the next shortest wavelengths, also must be observed from space.
NASAOGs ChRay Qbsavatofy (CXO) is a schdmlissized

spacecraft that begaruslying 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 visibight
telescopes in the way they gather light, but the atmosphere blocks most
ultraviolet radiation. Mst ultraviolet observations, therefore, must also
take place in space. Most of the instruments on the Hubble Space
Telescope (HST) are sensitive to ultraviolet radiatgae(ltraviolet
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 withvelengths ranging from just

| onger than visible |Iight to 1,000
atmosphere absorbs infrared radiation, so astronomers must collect
infrared radiation from places where the atmosphere is very thin, or
from above the tanosphere. 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 tlat 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 brightesit 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
spectum. 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 r@tadthhe 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 astmer®
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 brigitars 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 Irag) from abut 40008c. 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
developedand 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
constelations 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 constelladion
Ursa Major, or the Great Bear. Groups of stars that areffiotal
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 osterism$® the 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 humansd i magination,
stars ofa 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 objectson 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

objectds coordinates with respect
Theequair i al coordinate system desig

respect to Earthdés entire night
I. Altazimuth System

One of the ways astronomers give the position of a celestial
object is by specifying itsaltitude 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 obect 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°. Forexample, 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.

24
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As Earth rotates, astronomical objects appear to rise and set, so

their altitudes and zmuths are constantly changing. An
objectds altitude and azimuth
observerods | ocation on Earth. T
never use altazimuth coordinate:
Instead, astronomers with altazimuthleggopes 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 andniexpensive, aril with computers to do the

required calculations and control the motor that moves the
telescopd they are practical.

The Equatorial System

The equatorial coordinate system is a coordinate system

fixed on the sky. In this system, a star kedps $ame
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
celestalpol es directly above Eart
pol es. |t has a cel esti al e gL
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. i§hpath 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 wpposite 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 appearrise in the eastern part of the sky
and set in the west. They see
North or South poles. In the equatorial coordinate system, the
celestial sphere turns with the stars (but this movement is really
caused by the rotatiasf 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 sidewsy 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
bet ween a sidereal day and a
motion around the Sun.

The equivalentof longitude on the celestial sphere is caltgght
ascensiorand the equivalent of latitudedeclination. Specifying the

right ascension of a star is equivalent to measuring thewesst
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 tidiéhours, minutes, and seconds. This

is because the celestial equator is divided 24 equal paré each
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 objeeasier 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. Thesobyvill 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 havelearnt in this unit, as way of introducing the course,
the basics of Astronomy and how Astronomers work.

6.0 SUMMARY

In this unit, you havéearntthat:

1 Astronomy is the study of the universe and the celestial bodies,
gas, and dust within it.

1 Termsastronomerndastrophysicistaire basically identical.

1 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.

1 Most work in astronomy includes three parts 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 todetermine whether their observations match with
what theories predict, or whether the theories can be improved.

1 The techniques of astronomy are often very different for
studying different wavelengths. Conventional telescopes work
only for visible light ad the parts of the spectrum near visible
light, such as the shortest infrared wavelengths and the longest
ultraviol et wavel engt hs. Earth
studies by absorbing many wavelengths of the electromagnetic
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spectrum. Gammegay astronomy, Xay astronomy, infrared
astronomy, ultraviolet astronomy, radio astronomy, visible
light astronomy, cosmicay astronomy, gravitationavave
astronomy, and neutrino astronomy all use different
instruments and techniques.

1 Astronomers use coordinate systetmdabel the positions of
objects in the sky, just as geographers use longitude and latitude
to label the positions of objects on Earth.

9 One of the ways astronomers give the position of a celestial object is
by specifying itsaltitude and itsazimuth This coordinate system is
called the altazimuth system.

1 The equivalent of longitude on the celestial sphere is called
right ascensiorand the equivalent of latitude declination.

7.0 TUTOR MARKED ASSIGNMENT

=

Write a brief history of therigin 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 omiversal 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:
Optical Astronomy

GammaRay and XRay Astronomy
Ultraviolet Astronony

Infrared Astronomy

Radio Astronomy

"0 T

8.0 REFERENCES/FURTHER READING

28



Goldsmith, Donald.The AstronomersNew York, NY: Community
Television of Southern California, Inc.,1991.

Hartman, William K.Moon andPlanets.Belmont CA: Wadsworth,
Inc., 1983.
UNIT 2 THE SOLAR SYSTEM
CONTENTS
1.0Introduction
2.00bjectives
3.00ur Solar System
M Planets and their Satellites

1 Comets and Asteroids
 The Sun

3.1Motion of Planets

4.0 Self Assessment Exercise

5.0 Conclusion

6.0 Summary

7.0 Tutor MarkedAssignment

8.0 Reference#rurther Reading

1.0INTRODUCTION

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; anterplanetary 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 betweenomets and Asteroids

State and explain the 3 Keplerd:
Differentiate between perihelion and aphelion.

Derive an equation to show thentreof mass.

DerivetheNewt onés form of Keplerds 3

E

3.00ur Solar System

Solarsystems, 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 togetieoul 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 splsystems.

M Planets and their Satellites

Until the end of the 18th century, humans knew of five plénets
Mercury, Venus, Mars, Jupiter, and Satuiin 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 thougky 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 @anets
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 (AU the official body that names objedh the

solar systed reclassified 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, Malspite, Saturn, Uranus, and
Neptune.

Astronomers call the inner planétdlercury, Venus, Earth, and
Marsd the terrestrial planets. Terrestrial (from the Latin wteda,
meani ng A Ear Ediklike ingHataheyehtave soddr recky
surfaces. The next group of plar@tdupiter, Saturn, Uranus, and
Neptun@ is 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 Jan 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 ragsy co
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 fikendredth the mass of Earth.
Pluto seems out of placeith 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 systemlude 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.

Mo st of the planets have moons,
diameter about onfdurth the diameteof 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 lo, Europa, Ganymede, and Callisto.
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Ganymede is evenriger than the planet Mercury. Saturn has more than

50 satellites. Saturnds | argest moc
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.

1 Comets and Asteroids
Comets and asteroids are rocky and icy bodiesareasmaller 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 th8un, 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 rockieslzodie
usually have orbits that keep them at always abdwmitsame 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 condensetbiin 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 sygem 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 intapour freeing dust from the object.
The gas and dust forthe 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 completebor t ar ound the Sun is
period. Astronomers believe that comets with periods longer than about
200 years come from the O&@toud. Shorperiod 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 sol ar s

1 The Sun
The Sun is the nearest star to Earth and isgéh&eof thesolar system.
It is only 8 lightminutes 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 Centayritakes four years to reach Earth. The Sun's
closeness means that the light and other energy we get from the Sun
domi nate Earthodéds environment and |
for astronomers to study stars. They can see details and layers of the
Sunthat 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. t@gasuch
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 enefidye Sunand 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 mov&?e p k laws andheir physical
interpretation

2. How do planetary atmospheres work?

Kepl erds | aws o:Motipnlohptaeets governedrayt i o n
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 tife ellipse

Keplers 1st Law

Planet

Figure 1. 'l lustration of the the |

For the planets of the solar system, the ellipses are almost circular, for
comets they can be very eccentric.
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Keplers 1st Law

r b r %
Q
o
b )
V (o)
<] —

Major Axis: 2a

Figure 2 planets of the solar system with ellipseglmost circular,
Where F and F are the foci

Ellipse isequaltotheusm of di st ances r,
totwofixed points (F and F )

r + r = 2a
Where® the semimajor axis of the ellipse.
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Keplers 1st Law
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Eccentricity eis theratio between distance from centre of ellipse to
focal point and semmajor axis.

Thereforecircles havee = 0.
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Using the law of cosines:
retsr+(aef-2. r. 2ae. cos(’
Takingr + r andssolv2 far r to find the polar coordinate form of

the ellipse:

_T =
= T
mr

You can teck this for yourself!

is called the true anomaly.

|Keplers 1st Law

=

S sun\ o | 3
=2 ae— = | 2
@ > | >
e D ¢
< S| “
= N
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< >

Major Axis: 2a

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

Closespointper i hel i on = a i ae = a(l1l
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Farthespoint: aphelion=a + ae = a(1 + e)
For stars:periastron andapastron,
For satellites circling the Eartlperigeeandapogee

2. The Second law states that a line from the Sun to a given planet
sweeput equal areas in equal times.

Kepl er 0 sis &dratt conseguence of the conservation
of angular momentum. Remember that angular momentum is
defined as

4 » == » OO

and its absolute value is 4 Owovips

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

that vsin%ds the projection of the velocity vector perpendicular to the

radius vector r, and the distan¢mavelled by the planet in an
infinitesimally shor t%QTharetoreite i s ¢
area of the triangle ABC is given by
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4

Y= —»wWe —pWao v D>7<

Keplerds 2nd | aw st ateifadastchnatant t h e
with time:

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

mm_ .
W« W<

-
But.—§ given by

=" m, n
w w | ew o > o
74 o»

@) Jo > -

> >

Since the cross product of a vector with itself is zero. Therefore,
Keplerds 2nd |l aw is true and i s
angular momentum for a central field.
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2nd Law

t2
t,+AL

Figure 3. Il lustratawon of the the

i Keplerds 2ndlawafheas s al so call ed

ii. perihelion:is apoint nearest to the sun in the orbit of a plaivet
planet is fastest

iii. aphelion: is apoint farthest from the sun in the orbit of a pla¥iet
planet is slowest

3. The third law states that the square of the orbital periods of the
planets is proportional to the cube oé thmajor axes.
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Figure 4. lllustration of the Ke p | €%ad@ s 3

Computing the motion of two bodies of mass amd m it gives
Newt onds form of Keplerds third | a\

Wherer + r2 = R (for elliptical orbits: R is the seamajor axis).

For an interpretation of Keplerds
bodies with massesi; andmy on circular orbits with radiizrand g

around a point CMsee figure below)
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The reason for doing the computation with circular orbits is that the
following discussion will benucheasierhowever, all results from this
section also apply to the general case of elliptical moftiba.attractive

force between the two points is gi"
O g O O
=I|>=|=o11=| T »

In order to keep the two bodies on cianworbits, the gravitational force
needs to be equal the centripetal force keeping each body on its circular
orbit. The centripetal force is

O o o »
7 Fm* < > Z -
O o o »
L I S
Leto —2f5 compute the velocity of each of the bodies. Setting the

centripetal force equal to the gravitational force then gives
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This is the definition of theenter of massThe total distance between
the two bodies is

R=» > >

Inserting into one of the aboeguations gives

Z4 O 0
- 0O o "
Suchthat
Z O O

-
Or
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ThisisNewt onds form of Keplerods

4.0 SELF ASSESSMENT EXERCISE
Differentiate between Comets and Asteroids ffélanets

5.0 CONCLUSION

You have learnt in this unit the meaning and constituents of the
SolarsystemWe al so | ooked aplandtanye Ke pl
motionandhow to derivetheir mathematical expressions.

6.0 SUMMARY
In this unit, you havéesarnt that:

1 A solar system consists of a central star orbited by planets or
smaller rocky bodies.

1 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

1 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.

1 Comets and asteroids are rocky and icy bodies that are smaller
than planets. Thelistinction 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.

1 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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1 The Second law states that a line from the Sun to a given planet
sweeps out equal areas in equal times.

1 The third law states that the square of the orbital periods of the
planets is proportional to the cube of the maj@sa

7.0 TUTOR MARKED ASSIGNMENT

1.State the three Keplerodés | aws of |
2.DerivetheNewt onés form of Keplerds 3rd
3. Differentiate between a Comet and Asteroid

4. What is Eccentricity?

8.0 REFERENCES/FURTHER READING
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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 semhe 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.

2.00BJECTIVES

At the end bthis unit the reader should be able to:
1 Explain the Fundamentals of Satellite Systems.
9 List the basic characteristics of satellites.
1 Define the term Transponder.
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1 Discuss the principle of Spacecraft and Repeater.
1 List and explain the various types$pacecraft Antennas.

3.0MAIN CONTENT
3.1Fundamentals of Satellite Systems

Satellite communicationso longer a marvel of human space activity,
have evolved intoan everyday, commonplace thindlearly all
television coverage travels by satellite, today n@ag directly to the
home from space. Even in the age of widebf#me 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 brouglattions more tightly together. Satellites
are adapting to developments in multimedia information and personal
communication, with the cost of omeay and tweway Earth stations

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

lines out of the city fell silent. Similarly, communications were restored
to facilitate disaster relief on the island of Sumatra after the December
2004 eathquake and subsequent tsunami.

3.2Basic Characteristics of Satellites

1 A communications sateltis a microwave repeater station that
permits two or more users with appropriate earth stations to
deliver or exchanginformation in various forms.

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

the Earth in the plane of the equator once in 24 hours,
maintaining precise synchroniza on wi t h t he Eart'l

47



1 There are two other classes of -l¥dur orbits: the

geosynchronous orbiand the highly elliptical synchronous
orbit. Both involve seellites that appear to be stationagiative

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 Figed, can receive and send radio
signals over almost all the inhabited portions of the globe. (The
small regions around the North and South Rblaksove 81°

NL andbelow 81° SId are not covered.)

A given GEO satellite has a coverage region, illustrated dy th
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 o@arter of a second for a single
hop between pair of users. The GE@ the ideal case of the
entire class of geosynchronous (or synchronous) orbits, which
all have a 24our geriod 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. Whd ideal, the circular GEO is not a stable
arrangement, and inclination naturally increases meti
Inclination is controlled by the use of an lomard propulsion
system with enough fuel for corrections during the entire
lifetime of the satellite. A synchnous 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 aaticaily 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. Orbis #ine below

a mean altitude of about 36,000 km have periods of revolution
shorter than 24 hours and hence are termedGieD. As
illustratedin Figure4the 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.

1 The Iridium mobile satellite system employs low Earth orbit

(LEO), in which satdites 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 teleph@nall while it is in progress.

1 The advantage to using a RGEO 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 ihme processing of
telephone calls and data communications due to satellite motion
and handoff¢Figure 5.

1 The key dimension of a GEO satellite is its ability to provide
coverage of an entire hemisphere at one time. As shown in
Figureg a large contiguousnd 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 (tharea of coverage) receives precisely
the same transmission. Locations well outside the footprint
generally are not able to usetbatellite effectively.

1 Many satellite networks provide tweay (full-duplex)
communications via the same coverage footpfl@rrestrial
communications systems, including copper dibdes optic
cable and pointo-point microwave radio, offer that capability
between fixed pints on the ground
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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 afontinental and offshore points
(Elbert, 2008).

1 Satellitesare designed to last only about 15 years in orbit,
because of the practicelability to service a satellite in GEO
and replenish consumables (fuel, battery cells, and degraded or
failed components). NeGEO satellites at altitudes below
about 1,500 km are subject to atmospheric drag and a harsh
radiation environment and are liketo require replacement
after 10 years of operatidRrigure?)
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Figure7.The JCSat 2a satellite operated by SkyPerfect JSAT and
built by Boeing. (Source:Sky Perfect JSAT.)

3.3Improved Space Platforms and Launching Systems

Satellites were onceelatively small, while the Earth stations that
employed them wer correspondingly large. Satellite designs used to
provide consistent performance, like the dgain configuration
pioneered by Hughes and the theegs designs first introduced in
Europe ly Aerospatiale and Matra and in the United StateREA
Astro and Ford Aerospace.

In time, the threeaxis design became the standard of the industry

because of its greater capability to lift large communication payloads
and to power them at a high levet 15 years or more of service. Those
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platforms now demonstrate service reliability that is nearly comparable
to the previous generation of spinners, althougtih greater
complexity in terms of operational procedure and software
requirements. We are nomoving into new technologies to further
enhance the potential to deliver services that are more useful and
economic. Applications like GEO mobile services and -tvay
multimedia and digital audio broadcasting are pushing the platforms to
go beyond what sallites flying in 1998 could deliver. Power levels up

to 20 kW and beam pointing down tos¢ethan +0.025 become the
norm.

3.4 Transponder

The satellite communication industry has long used the term
transponderin referenceto a defined RF channel of communication
within the communication payloa@he term itself is a contractiaof
transmitterrespondey originally referring to a singlefrequency
repeating device found on aircraft. The purpose of diveraft
transpondeiis to add the identification of the aircraft and actively
enhancethe powerto be reflected back to the radar transmitter. A
satellite transpondeis entirely different becase it is more of a
transparent microwave relay chanra$o takingnto account the need

to translate the frequency from the uplink rat@thedownlink range.

The transponder, then, is a combination of elements within the payload.
On the input side, itrepresents a share of the common uplink and
receivesquipmentithin the repeater. We are able to identify specific
equipment for each transponaer the downlink side, consisting of the
input filter, power amplifier, and outpéitter. Not shown inthe figure

are the necessary spare active elements (redundaocgnsure
continuity of service in the event of amplifier or receiver faildiso

not shown at the input to each PA is a level controlling channel
amplifier orlinearizer often found on modesatellites. Théact that a
transponder can be assigned to a particular ajgglication network
has @aused them to be rented or sdikke condominium flats. In
actuality, itis the microwave channel of communication bandwidth that
thetransponder less@r purchaser acquires.
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3.5 Spacecraft and Repeater

The purpose ofhis unitis to explain how eatellite worksand to
review the factors in its design. These chapters sHauidiarize the
reader with the key concepts and terminology that are common in the
satellite industryAs a first definition, sspacecrafis the actual piece

of hardware thais launchednto orbit to become an artificigiatellite

for the purpose of providing radiorepeater station.

The physical elements that a communications spacecraft comprises can
be divided into two major sections: thmmmunications payloatbr

just the payload),containing the actual radio communications
equipment used for reception angnsmssion of radio signals, and the
spacecraft bugreferred to as the bus), whipinovides the supporting
vehicle to house and operate the payload. The emphdhis chapter

is on the requirements and specifications of the payload andhsow
general types of hardware designs can meet those requirements.

3.6 SpacecraftCommunications

The design, manufacture, and operation of a communications satellite

are nosimple mattercomplicated by the fact that it must survive the

rigors of launchand deploymenin orbit, followed by many years of
satisfactory operatiowithout physicaintervention by human beings.

I n | ayper sonsd taeartifiesirepaimperson sasnotme t h
travel to orbit to repair or reconfiguresatellite. Thais cetainly the

case for GEO satellites, but it is not economicédlgsible everfor

large constellations of LEO satellites. It is critical that the paysrad

thebus work hand in hand to establish a highly efficient radio repeater

on astable space platform

The result is shown in Figurel5which illustrates a typical
geostationargommunications satellite serving a country or region of
a continent. Atan altitude of approximately 36,000 km, a beam with
dimensions 3 degrees by8 degrees would cover anteresdze of the
United States. From thstandpoint ofa typical LEO satellite, the
coverage is more limited in area simply becaihsesatelliteas much
closer to Earth.
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S Pencil beam,
approximately 3° X 8°

Figurel5Coverage of a land area from GEO requires the
generation andcontrol of a pencil beamon board the satellite.

3.7 Spacecraft Antennas
f Horn Antennas

Waveguides functionin satellite communications as either a
component of aantenna oas an antenna in its own right. If we were
to take a fixedength piece ofwaveguide and use a quarteave
monopole to drive microwave energythé propefrequency into one
end, the opposite end would radiate some percenfdbat power into
space. he efficiency of radiation is simply the ratio tife power
actually radiated into space divided by the total input power. Paoter
radiateds reflected back to the transmitter or dissipated as heat within
theconducting metabf thewaveguide. Whaihis openended piece of
waveguide has become is the simplest tgp@n-reflector antenna
horn.

Figurel6shows a pyramidal horn in which tead ofthe waveguide is
flared outward in the shape of a pyramid or a cdhe. dimensionsf
the opening are in dict proportion to the wavelength aak dictated
by the shaping ofhe far field antenna patteriihe pyramidal horn is
well suited to linear polarized systems because of riatural
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straightnessof extending rectangular waveguide. The standard
waveguide mode of propagation is maintained, resulting in a
symmetrical maifdobe patternand little or no crosgolarized
component. In contrast, the conical horn fldresn eithercircular or
square waveguide (in the latter case, there must be a fqe@reular
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 widethan tfe waveguide to increase gain and to match
the impedance of the waveguide (¥)Qo free space (377).

1 Reflector Antennas
The simplest and most effective antenna system for a conventional FSS
and BSSatellite employseflectors and feed systenmi$e feed system
normally consist®f one or more hortype radiators. In the transmit
mode, microwave energgntershe feed hornfrom a waveguide that
carries the output of the repeat@&he feed hornradiates microwave
energyfrom the focus of the parabolic reflector into spacethe
direction of the reflector (msub reflectoras the case might be).

Two typical antenna geometries using parabolic reflectors are shown
in Figure8. The centefed parabola is circularly symmaetrivith the

feed located ahe focus while the offset reflector parabola allows the
feed to be placed belothe lineof transmission. The reflector surface

is formed by taking a parabodand rotatingt about a line drawn from

the focus to the center of the parabolarrfing a segment of a
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paraboloid. For the offset case, the required surface iSrom one
side of tle paraboloid

Toward

___—w ecarth

e

(A) Prime focus fed parabolic reflector antenna

(i

(B) Offset focus fed parabolic reflector antenna

Figure 8. (a) The prime focusfed parabolic reflector antenna is
subject to feed blockage,(b) while the offset featksign provides an
unobstructed beam.

4.0 SELF ASSESSMENT EXERCESE
Explain theBasic Characteristics &atellites.

5.0 CONCLUSION

You have learnt in this unit tha 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 wfideband fibreoptic cables and the
Internet, satellitestill 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:
1 All television coverage travels by satellite, today reaching
directly to the home from space.
1 A satellite in ggeostationary Earth orbit (GEO) revolves around
the Earth in the plane of the equator once in 24 hours,
mai ntaining precise synchroni zal

1 There are two other classes of -ldur orbits: the
geosynchronous orbit and the highlipgical synchronous
orbit.

1 Inclination is controlled by the use of an boardpropulsion
system with enough fuel for corrections during the entire
lifetime of the satellite.

1 The key dimension of a GEO satellite is its ability to provide
coverage of aentire hemisphere at one time.

1 The purpose of the aircraft transponder is to add the
identification of the aircraft and actively enhartbe powerto
be reflected back to the radar transmitter.

1 A spacecrafis the actual piece of hardware that is launched into
orbit to become an artificiabatellite for the purpose of
providing a radio repeater station.

7.0 TUTOR MARKED ASSIGNMENT
I. 1. Discuss the fundamentals of satellite systems.
il. List five basiccharacteristics of satellites.
ili. 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 idocated at 79:34W longitude and 37:09N
latitude. Calculate its look angle and range to a geosynchronous
satellite whose subatellite point is located at 199/ longitude.
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Vii. Briefly describe the usefulness of an antenna in satellite
communication.

viii.  Descrbe how the capacity of a transmission channel can be
measured.
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CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Satellite Orbit Configurations
3.2 Satellite Network Architectures
3.3General Features of Satellite Networks
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1.0INTRODUCTION
The majority of satellite operations depend on the reliable transfer of
telemetry and command data between the actual Earth stations that are
in direct ontact with the orbiting satellites and tH&ontrol of
spacecraft subsystemsvhere the full range of technical and
management functions are performed. Those links, which can employ
both terresial and satellite networks usuallgatisfy the data

throughpt and qualityof-service (QoS) objectives of the overall
satellite control system.

2.00BJECTIVES
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At the end of this unit theeader should be able to:

Understand the various satellites orbit configurations.
Explain the architecture of satellmetworks.

List and explain the 3 generic forms of satellite connectivity.
Define the term Connectivity.

= =4 =4 -4

3.0MAIN CONTENT
3.1 Satellite Orbit Configurations

Having already introduced the concept of GEO and®@&® satellites,
we can now examine some of thelheical particulars. Behaviour of a
satellite in Earth orbit foll ows
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 joinng 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 toube
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 olga 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 keretis 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 ldg. The range of delay for a
single updown hop is shown at the top of the rigt@nd 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 8,00 to 10,000 km, a MEO satellite has a much longer period
and thus tends to O006hang66é over a
hours. Transmission distance and propagation delay are greater than for
LEO but still significantly less than for GEO. In theseaof the latter,

there are really two classes of orbits that have-hd4 period.

A geosynchronous orbit could be elliptical or inclined with respect to
the equator (or both). The special case of an equatoriab@¢Acircular

orbit, in which the satbte 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 @bur 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. OtherGBO

orbits have been used at various timeghsas the highly elliptical
Earth orbit (HEO) to allow coverage of northern latitudes (Figurel0).
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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 thoughetie is a requirement for multiple
orbits for LEO and MEO satellites pyovide continuouservice.

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 bertpipe style of satellite, which does not alter the nature of the
transmissions between Earth stations. ThehEstdtions in this case

mu s t organize their transmissions
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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 structuffer the particular application. In more advanced
repeaters witlon boardorocessing, the satellite performs other network
functions such as switching the connections between stations or even
modifying the format of transmission to further improve the fficy

of transmission. All that is carried out whether there is a single GEO
satellite or a constellation of ndBEO satellites serving the network.
From the usersdé perspective, the s
may be irrelevant. However, the dasigoperation, and, more
important, the required investment, all depend heavily on the way the
architecture iput together

3.3 General Features of Satellite Networks

The property which a satellite network provides via links between users
is calledconnectivity.The three generic forms of connectivity are

U pointto-point,

U pointto-multipoint,

U Multi-point interactive.

I. The first uses of satellites were for peintpoint 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 communicatian both directions.
That is how the typical telephone conversation or
interactive data link functions. The lirdan remainn
place for an extended period, called preassigned service,
or be put into place for the duration of a conversation,
called demandssigned service. The poitatpoint link
(Figurell) allowed satellites to create a worldwide
network of telephone circuits, providing a solid
foundation for international telecommunications
development. That was before the days of ftgpacity
fibre opic cable, a technology that pushed satellites out
of this role. Since the 1980s, satellites are used largely
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for pointto-multipoint connectivity, also called
broadcast.

As shown in Figurel2, a single uplink station can
transmit a continuous stream of onfnation 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 widearea coverage of a GEO satellite to its
greatest extent.

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 calledvery 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 vauof 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 VSATSs using the multicast feature of
the Internet Protocol. Terrestriabmper and fibre optic
cable networks can create all thas@nnectivity but
they do so by stringing poktb-point links together.

Satellite networks, on the other hand, are inherently
multipoint in nature and have a decided advantage over
terrestrial fibed 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, bandwid 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 thewre addessed in a particular satellite
network design.

Satellite repeater

Uplink Downlink

Earth station A Earth station B
S —

Figurell. The most basic tweway satellite link provides pointto-
point connectivity.
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Satellite repeater
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Earth station A

Figure 12.Point-to-multipoint (broadcast) connectivity delivers
the same information over thesatellite 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 satellit€sbit
Configurations Satellite Network Architectures artgeneral Features
of Satellite Networks.

6.0 SUMMARY
In this unit, you have learnt that:
91 Behaviour of a satellite in Earth orbit follokse p| er 6 s | aws
planetary motion.
1 Lower Earth orbit (LEO) systems employ satellites at altitudes
ranging from 500 to 1,000 km.
1 The altitude of a medium Earth orbit (MEO) is around 10,000
km (a period of about 6 hours).
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1 The most basic type of relaytise bernipipe style of satellite,
which does not alter the nature of the transmissions between
Earth stations.

1 The property which a satellite network provides via links
between users is callednnectivity.

1 The three generic forms of connectivity are; paoapoint,
pointto-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 thefollowing
U pointto-point,
U pointto-multipoint,
U Multi-point interactive.
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1.0INTRODUCTION

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 edsyundestand overviewof the

69



technology and its applications. It begins with the list of the various
advantages of satellite communications and moves intaskeeof
Microwave Frequencies

2.00BJECTIVES

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

T
1
1

1
1

List the advantages of Satellite Communication.

List the characteristics of microwave link.

Understand and discuss the concepDafital Transmission,
Compression and Routing.

Explain the principle o€able Television.

To discuss the three main aspects of the mobile sector

3.0MAIN CONTENT

3.1 Advantages of Satellite Communication

T

Satellites are used extensively for a variety of communication
applications as a result of some wtognized benefits. These
derive from the basic physics of the system, the most important
of which is that a satellite
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 thesebenefits 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 stcinains
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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 gbighore
communication) depend on satell:
canfind that kind of connection through satellite technology,

then you have a powerful bond on which to build and extend a
business or strategic opportunity.

1 Mobile/Wireless Communication, Independent of Location
Any users with an appropriate Earsation 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
660cl ose. 66 They(fixedanrthe teanmoldgyy st a't
or in motion (i.e.mobilg. 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 equatoriaic.

1 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 satdliteserve
any size region that can see it. As mentioned earlier, a GEO satellite
can see about oftehi r d of the Earthods surf
collocated at one orbit position to deliver greater quantities of
communication channels, as illustrated foe tSES Astra series of
satellites (Figurg3). A nonGEO constellation like Iridium extends
coverage beyond what one satellite sees through a web efatédiite
links.

1 Wide Bandwidth Available Throughout
Frequency spectrum availability foatellites 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 informationthat 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 {and) 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.

1 Independence from Terrestrial Infrastructure
By providing a repeater station in space, a satellite creates an
independent microwave relay for groubdsed 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, smalléglhone Earth statioms Chinaextend
reliable voice and data services to remote western regions of the
country.

1 Rapid Installation of Ground Networks
Once the satellite (or satellite constellation, in the case of 4G
system) is operational, inddual 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. Thratish
simpler than for a terrestrial infrastructure, which requires an extensive
ground construction program, including securing rigiftsvay along
cable routes or for towers in the case of microwave or other terrestrial
wireless systems.

Maintenance o& groundbased 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 apfilces like highspeed
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.
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Figurel3. Televisionservices 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 MHzGHZz) to 30 GHz. That range
was first developed during World War Il 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 tm vogue. The microwave link generally is
characterized by the following properties:

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

1 Blockage by dense media, like hills, tree trunks, solid buildings,
metal walls, and at highérequencies, heavy rain;

1 Wide bandwidths, compared to the following lower frequency
bands: high frequency (HF) shortwave radio, very high
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frequency (VHF) TV,frequency modulatiofFM) radio, and
ultrahigh frequency (UHF) land mobile radio;

1 Compact antennaypically using metal reflectors, which can
focus energy in a desired direction (thus providing gain over an
antenna with broad or omudirectional radiation properties);

1 Transmission through metal waveguide structures as opposed
to wire conductors;

1 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 naade
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 developreemnt digital cellular
systems, computing, image processing, and data communication, the
foundation for greater exploitation of satellite networks exists today.

Mooreds | aw of semiconductor techn:
doubling of the densityfdransistors on a chip (and hence the power of
computing and capacity for data storage) every 18 months, propels all
aspects of informaticbased high technology. Earth stations that once

were housed in buildings were reduced to the size of a clock &adib.
66smartsoo now ar -beld wmts tfoa ivoiced i n
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 previouslsndeded,

and transferred in effective bundles for a completees®t service.

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

of standards geared toward television and multimedia.

Other digital standards facilitate voice compressiam-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). Satellitetworks 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-thesair
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 poirto-multipoint distribution netwik. The arrangement of

a typical local cable ¥ system is shown in Figure 14The
programming material is collected at the head end, which hagyhigh
receiving antennas to pick up TV signals with reasonably good quality.
In fact, the original name forable 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) seiges. Unlike oveithe-air broadcasting, viewers
(called subscribers) pay a monthly fee for reception of the several TV
channelsdeliveredy t he cabl e (many of whi ch
supported by local and distant TV stations).

More recently, telephone companies are entering the business using a

combination of fibreo-thehome (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 ofsatellite 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 bemg than

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

1 interactive twecommunications using the Mobile Satellite
Service (MSS);

Satellite Digital Audio Radio Service {SARS),

Hybrid system currently under development calledilary
terrestrial component (ATC).

T
T

All of these employ the portion of the radio spectrum belwand
known asL-band and S-band. As such, they enjoy somewhat
improved propagation in free space as compared to the higher
frequencies that are subject tain attenuation. Complementary
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portions of - and Sband are likewise employed by terrestrial wireless
services like 3G cellular (EDGE, CDMA 2000, and WCDMA), WiFi
(IEEE 802.11x), and WIMAX (IEEE 802.16x).

Satellite
T R > constellation
(if provided)

'd
UHE Lo & ::Jesrfrr\inals
S band By
N
W
C, X, Ku or Ground
/ Ka band segment
Satellite Network Gateway Gateway
control control earth station earth station

e

Cellular Telephone
Internet Wi Private
(;Cetg/ro;é) (TCPAR). rz’e)ST%r)k hietork

Figure 15An example of a contentdistribution network in retail
service, using a Kuband GEO satellite. Source: JSAT
International, Inc.)

4.0 SELF ASSESSMENT EXERCISE
Discuss four advantages $atellite Communication.

5.0 CONCLUSION

You have learnt in this unit the basiconcept of satellite
communication and its various advantagésu also learnt theise of
Microwave Frequencies and the Cable Television.

6.0 SUMMARY
In this unit, you have learnt that:
1 Satellites employ microwave radio signals and thereby benefit
from the freedom and mobility of wireless connections.
1 The phone is oriented so that the back of the modem is pointed
toward the satellite position in the equatorial arc.
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1 Bandwidth is the measure of communication capacity in terms
of hertz (Hz), either fothe amount of radio spectrum used or
for the input information that is delivered to the distant end of
the link.

1 By providing a repeater station in space, a satellite creates an
independent microwave relay for groubdsed radio stations.

1 The microwaveihk 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, frequenceyodulation
(FM) radio, and ultrahigh frequency (UHF) land mobile
radio;

V Compact antennas typically using metal refhest
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 pawamplification,
which is the ratio of radio frequency (RF) power out
divided by the direct current (dc) power in.

7.0TUTOR MARKED ASSIGNMENT
I. Discuss the fundamentals of satellite systems.
il. List five basic characteristics of satellites.
ili. Discuss four advantagef 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°3wW longitude and 37:09N
latitude. Calculate its look angle and range to a geosynchronous
satellite whose subatellite point is located at 102/ longitude.

Vii. Briefly describe the usefulness of an antenna in satellite
communication.

8.0 REFERENCES/FURTHER READING
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MODULE 2 ATMOSPHERIC SCIENCE & THE SPACE
ENVIRONMENT

Unitl Introduction to Atmospheric science

8.1.1 Scope of Atmospheric Sciences
8.1.2 Meteorology androrecasting
8.1.3 Weather and Climate

Unit 2 Structure of the Atmosphere

8.1.4 Atmospheric layers and Relation to
Temperature

8.1.5 Global Air circulation and Winds

8.1.6 Atmospheric Pressure

8.1.7 Fronts and their Relation to Baroclinic waves

Unit 3 Thermodynamics

8.1.8 Gas LawsEquations of State (Ideal Gas law),
Boyl e@€@baahdsds | aw

8.1.9 First law of Thermodynamics and Specific
Heat

8.1.10 Dry Adiabatic processes and potential
temperature

Unit 4 Atmospheric Dynamics

8.1.11 Clouds

8.1.12 Atmospheric kinematics of fluid flow
8.1.13 Atmospheric Dynamics

8.1.14 Weatler Prediction

Unit 5 The Space Environment
8.1.15 Where is Space?
8.1.16 The Solar System
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8.1.17 The Cosmos
8.1.18 Space environment and Spacecraft

UNIT1 INTRODUCTION TO ATMOSPHERIC SCIENCE
CONTENT

1.0Introduction

2.0Objectives

3.0Main Content
3.1Scope of Atmospheric Sciences
3.2Meteorology and Forecasting
3.3Weather and Climate

4.0 Self Assessment Exercise

5.0Conclusion

6.0 Summary

7.0 Tutor Marked Assignment

8.0Reference/Further Reading

1.0INTRODUCTION

Atmospheric sciencess an umbrella term for the study of the
atmosphere, its processes, the effetiier 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, Climalogy and Extreterrestrial Planetary
Atmospheric Science
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0.00BJECTIVES
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 Bfeteorology and forecasting.
Draw the weather mapbservatiorsymbols.
Differentiate between Weather and Climate.
Understand the chemical composition of Air.

=4 =4 4 4 -4 -

1.0MAIN CONTENT

3.1Scope of Atmospheric Sciences

Atmospheric sciencess an umbrella term forthe study of the
atmosphere, its processes, the effedteratystems (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 tm on weather forecasting.
Climatologyis 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 variabil&gronomyis the

study of the upper lays 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 tékenologyis sometimes used as

an alternatie term (to atmospheric sciencds) the study of Earth's
atmosphere.

Major Subdivisions of Atmospheric Sciences

Meteorology and Forecasting

Atmospheric Physics

Atmospheric Chemistry

Atmospheric Dynamics

Climatology

Extraterrestrial Planetary Atmospheric Science

< <K<K
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3.2Meteorology and Forecasting

Meteorologyfocuses on weather and short term forecasting. The name
AMet eorol ogyo d er i Wetsrologica avhich Ar i st
purported to describe weather and climate. Tha teeteorreferred to

things that fell from the sky or were found in the sky, and the Greek
word meteor os me araised,fioftyi ap hiteratiol .t he ai

AMet eorol ogy and climatol ogy ar e
disciplines, the former in phigs 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 mge of phenomena that occur
combines

AObservation(discrete measurements of actual conditions (T, dew
point, P, wind, cloud cover, precipitation, etc.) using surface station
measurements, radiosonde soundings, radég|lite data, etc.). These
discrete observations are depicted on weather maps using compact
weather symbols

AAnalysis: Accurate longrange weather prediction has proven to be
virtually impossible, due to chaotic ndinear phenomena and extreme
sersitivity to initial conditionsas first discovered by Edward N.
Lorenz

A Forecasting (Predicting Weather Meteorology includes
atmospheric chemistry and physics but has a major focus on weather
forecasting. Weathefrelated observations(measurements) are
currently made with: Surface stations (including the ASOS systems)
Upperair stations (using radiosondes, rawinsondes, and rocketsondes)
Groundbased weather surveillance Radar (W.3Raddition to T °C,

Dew Point °C, Wind barb (speed 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 symbo(&igurel9:
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ee g8 o0 Rain (light, moderate, heavy)
*i—u- Snow (light, moderate, heavy)
I T?t; K Thunder (with rain, snow, no precipitation)
% Shower (rain, snow)
#»  Drizzle
@\ O  Freezing Rain, Freezing Drizzle

Ice Pellets / Sleet

Fog (shallow, deep)

Haze

OO
[ Smoke

Figurel6. Weather map observation symbols.

3.3Weather and Climate
Weather

Weatherdescribes the simultaneous state of certain atmospheric bulk
conditions and phemme na i n t he Eatempéradiwe, t r opo
humidity or moisture, precipitation, cloud pattern, fog, wind ggo

barometric pressure, etat a given place (or over broad areas of the

Earth), and at a given time or on a deyday basis, or with tinseales

of at most a few weeké When such a coll ection
is part of an interrelated physicakstture of the atmosphere, it is

termed aweather systemand includes phenomena at all elevations

abovet he ground. O

In contrast, such atmospheric phenomena on much longer timescales
are described bylimate Neither of these term#cludes other
atmosphec properties and phenomena such as cosmic rays, other
radiations, and chemical constituents.
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Climate

Climate refersto 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 precipitatiaghefo
future. Climate prediction is typically expressed as the departure from
a longterm average, or sealled normal climate. It is expressed in
terms of the probability that subsequent seasonally averaged U.S.
temperature and precipitation will be belatbove, 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 sagnce of environmental changes.

The IPCC defines climatas follows:

fiClimatei n a narrow sense i s usually de
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 tothousands 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 stacluding

a statistical description, of the ¢

Climate Variability versus Climate Change

Climate Changeand Variability describe phenomena affecting the
atmosphere (and related effects in the oceans) that are seen over
particular time priods lasting months, a few years, or longer.

The phraseclimate change a linguistically neutral term though
politically somewhat controversiaubjectappears to be applied to
what has been deduced to be huroansed climate changes including
global waming It may be termednthropogenic climate change the
extent that this causation has bestablished; certainkylarge fraction
of the recent global warming appears anthropogenic.
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The Earth's climate is dynamic and naturally varies on seasonal,
deadal, 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 stiggestany
changes in recent decades can be attributed to human actions; these
decadal trends are referred tachsiate changeThe effects o€limate
variability and change ripple throughout the environment and
societyd indeed touching nearly all aspecthe humarendeavour

and the environment.

Perhaps the most well understood occurrenadimfate variabilityis

the naturally occurring phenomenon known asBEh&lifio-Southern
Oscillation (ENSQ, an interaction between the ocean and the
atmosphere over the tropical Pacific Ocean that has important
consequencefor weather around the globe.

The ENSO cycle is characterized by coherent and strong variations in
seasurface temperatures, rainfall, air pressure, and atmospheric
circulation acrss the equatorial Pacific. El Nifio refers to the warm
phase of the cycle, in which abeseerage seaurface temperatures
develop across the eas#ntral tropical Pacific. La Nifia 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 temperaturearAtlantic 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 (Nb)

780,840 ppmv 78.084%)

Oxygen (Q) 209,460 ppmv 20.946%)
Argon (Ar) 9,340 ppmv 0.9340%)
Carbon dioxide (C¢) 390 ppmv770.039%)
Neon (Ne) 18.18 ppmv 0.001818%)
Helium (He) 5.24 ppmv 0.000524%)

Methane (CHl)

1.79 ppmv 0.000179%)

Krypton (Kr)

1.14 ppmv 0.000114%)

Hydrogen (H)

0.55 ppmv 0.000055%)

Nitrous oxide (NO)

0.3 ppmv 0.00003%)

Carbon monoxide (CO)

0.1 ppmv 0.00001%)

Xenon (Xe) 0.09 ppmv 9 x 16%)

Ozone (Q) 0.0 to 0.07 ppmv 0 to 7 x 1%%)
Nitrogen dioxide (NQ) 0.02 ppmv 2 x 16%

lodine (1) 0.01 ppmv 1 x 16%
Ammonia (NH) trace

Variable Components

Gas or Other Component

Concentration by Volume

Water vapor (0)

0.40% over full atmosphere,
typically 1% 4% 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

air pollution: Ck and other
chlorine compounds, fluorine
compounds, Hg, NO (nitric

(sulfur trioxide), other sulfur
compounds, etc.

anthropogenic pollutants causin

oxide), SQ (sulfur dioxide), S@

variable
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4.0 SELF ASSESSMENT EXERCISE
List and explain thdajor Subdivisions oAtmospheric Sciences

5.0 CONCLUSION

In this unit, as a way of introductipgiou have learnthe basics
of Atmospheric sciencdocusing more on meteorology and
forecasting.

6.0 SUMMARY
In this unit you have learnt that:

9 Atmospheric sciences 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.

i Meteorology includes atmospheric chemistry and atmospheric
physics with a major focus on weather forecast@ignatologyis the
study of atmospheric changes (both long and dkam) that define
average climates and their change over time, due to both natural and
arthropogenic climate variability.

9 Aeronomis the study of the upper layers of the atmosphere, where
dissociation and ionization are important.

1 Major Subdivisions of Atmospheric Sciences aeteorology
and Forecasting, Atmospheric Physics, Atmospheric
Chemstry, Atmospheric Dynamics, Climatology arktktra-
terrestrialPlanetary Atmospheric Science.

7.0 TUTOR MARKED ASSIGNMENT

1. Define Atmospheric Science.

2. List and explain the major subdivisions of Atmospheric science.
3. Differentiate betweeWeather 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 coufden S 301,
taught Fall 201y Professor Robert A. Houze (RAH), and compiled

by Michael C. McGoodwin (MCM
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UNIT 2 STRUCTURE OF THE ATMOSPHERE
CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Atmospheric Layers and Relation to Temperature
3.2 Global Air Circulation and Winds
3.3 Atmospheric Pressure

3.4Fronts and their Relation to Baroclinic Waves
4.0 Self Assessment Exercise
5.0Conclusion
6.0 Summary
7.0 Tutor Marked Assignment
8.0Referene/Further Reading

1.0INTRODUCTION

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
constituems 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 vapar, and trace amounts of hydrogen, ozomethane,
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 atmosphefayers

Define Hadley cellFerrellcell and polar cell.

Define Atmospheric pressure.

Differentiate betweeonvergence and Divergenicélow of
air molecules.

1 ExplainFronts and their relation to Baroclinic Waves

= =4 4 A

5 MAIN CONTENT

3.1Atmospheric Layers and Relation to Temperature
Below is the atmospheriayers listed beginning with the lowest.

Troposphere (0 to 620 km)

The troposphere begins at the Earth's surface and extends d@2to 4
miles (620 km) high. This is where we live. As the density of the gases
in this layer decrease with height, the la@comes thinner. Therefore,
thetemperature in the troposphere also decreases with heélghyou
climb higher, the temperature drops from about 62°F (17°G§QdF
(-51°C). Almost all weather occurs in this region... The height of the
troposphere varieBom the equator to the poles. At the equator it is
around 1312 miles (1820 km) high, at 50°N and 50°S, 5% miles and
at the poles just under four miles high. The transition boundary between
the toposphere and the stratosphisrealled the tropopauseodgether

the tropopause and the tropospherekaoevn as the lower atmosphere.

Stratosphere (6 20 km to ~50 55 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 watervapour.. Temperature increases with heighd
radiation is increasingly absorbed by oxygen molecules leading to the
formation of Ozone. The temperature rises from an avei&gfé (¢

60°C) at tropopause to a maximum of about 5°F5C) 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 fromme tmesosphere 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 (~5055 km to 80 85 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 becomessland less
leading to a decrease in temperature with heigf®n average,
temperature decreases from about 5I59C) to as low asl84°F ¢

120°C) at the mesopause. However, the gases in the mesosphere are
still thick enough to slow down meteorites hungl into the
atmosphere, where they burn up, leaving fiery trails imtglbt sky.

Thermosphere (8085 km to 690 km)

The Thermosphere extends from the mesopause to 430 miles (690 km)
above the earth. This layer is known as the uppmosphere... The
gases of the thermosphere are increasingly thinner than in the
mesosphere. As such, incoming high energy ultraviolet anraly x
radiation from the sun, absorbed by the molecules in this layer, causes
a large temperature increasBecause b this absorption, the
temperature increases with heigmid 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 extrely thin air. The total amount of energy
from the very few molecules in this laysmot 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 thermopausgethe transition bouttary which separates the
exosphere from the thermosphere bélote 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. Sudiscussion invariably startsith an
idealized model of ancean planefFigurel?) havingno 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:

WESTERLIES
— o 4
EAG 5 B

Figurel?. Idealized ocean planet model surface winds and vertical circulations
from http://en.wikipedia.org/wiki/Global winds
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With the addition of the Earthos
more extenise in the NH than the SH, plus the planetary tilt of 24.4°
(varying from 22.1° to 24.5°)we get a more typical model of Earth
pattern of winds (still ignoring in this diagram any seasonal or local
wind variations)rigurel8

Figurel8. 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 iddatitude westerlies (in both
hemispheres). The Intertropical Convergence Zone is discussed below.
The Hadley cell (named after George Hadley) and theltitlde cell
depict major vertical and upper level components of normal global
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