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1.1  INTRODUCTION 

 
 Satellites are specifically made for telecommunication 

purpose. They are used for mobile applications such as 
communication to ships, vehicles, planes, hand-held terminals 
and for TV and radio broadcasting. 



 2 

 They are responsible for providing these services to an 
assigned region (area) on the earth. The power and bandwidth 
of these satellites depend upon the preferred size of the 
footprint, complexity of the traffic control protocol schemes 
and the cost of ground stations. 

 

 A satellite works most efficiently when the transmissions are 
focused with a desired area. When the area is focused, then 
the emissions don‟t go outside that designated area and thus 
minimizing the interference to the other systems. This leads 
more efficient spectrum usage. 

 

 Satellite‟s antenna patterns play an important role and must 
be designed to best cover the designated geographical area 
(which is generally irregular in shape). Satellites should be 
designed by keeping in mind its usability for short and long 
term effects throughout its life time. 

 

 The earth station should be in a position to control the satellite 
if it drifts from its orbit it is subjected to any kind of drag from 
the external forces. 

 

1.2  BASICS 

 
 Satellites orbit around the earth. Depending on the application, 

these orbits can be circular or elliptical. Satellites in circular 
orbits always keep the same distance to the earth‟s surface 
following a simple law: 
The attractive force Fg of the earth due to gravity equals               
m·g (R/r) 2 

The centrifugal force Fc trying to pull the satellite away equals 
m·r·ω2 

The variables have the following meaning: 
m is the mass of the satellite; 
R is the radius of earth with R = 6,370 km; 
ri s the distance of the satellite to the centre of the earth; 
g is the acceleration of gravity with g = 9.81 m/s2; 
ω is the angular velocity with ω = 2·π·f, f is the frequency of 
the rotation. 
 

To keep the satellite in a stable circular orbit, the following equation 
must hold: 

Fg = Fc, i.e., both forces must be equal. Looking at this 
equation the first thing to notice is that the mass m of a 
satellite is irrelevant (it appears on both sides of the 
equation). 
Solving the equation for the distance r of the satellite to the 
centre of the earth results in the following equation: 
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The distance r = (g·R2/(2·π·f)2)1/3 
 

 From the above equation it can be concluded that the distance 
of a satellite to the earth‟s surface depends on its rotation 
frequency.  

 

 Important parameters in satellite communication are the 
inclination and elevation angles. The inclination angle δ (figure 
1.1) is defined between the equatorial plane and the plane 
described by the satellite orbit. An inclination angle of 0 
degrees means that the satellite is exactly above the equator. If 
the satellite does not have a circular orbit, the closest point to 
the earth is called the perigee. 

 
 

 
 
 
 
 

 
Figure 1.1:  Angle of Inclination 

 
 

 The elevation angle ε (figure 1.2) is defined between the centre 
of the satellite beam and the plane tangential to the earth‟s 
surface. A so called footprint can be defined as the area on 
earth where the signals of the satellite can be received. 

 
 
 
 
 
 
Figure 1.2:  Angle of Elevation 

 
 

1.3 APPLICATIONS OF SATELLITES 

 
1.3.1) Weather Forecasting 
 Certain satellites are specifically designed to monitor the 
climatic conditions of earth. They continuously monitor the assigned 
areas of earth and predict the weather conditions of that region. 
This is done by taking images of earth from the satellite. These 
images are transferred using assigned radio frequency to the earth 
station. (Earth Station: it‟s a radio station located on the earth and 
used for relaying signals from satellites.) These satellites are 
exceptionally useful in predicting disasters like hurricanes, and 
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provides a complete coverage and (generally) there is one satellite 
always present across a horizon.   
 
1.3.7) Global Mobile Communication 
 The basic purpose of satellites for mobile communication is 
to extend the area of coverage. Cellular phone systems, such as 
AMPS and GSM (and their successors) do not cover all parts of a 
country. Areas that are not covered usually have low population 
where it is too expensive to install a base station. With the 
integration of satellite communication, however, the mobile phone 
can switch to satellites offering world-wide connectivity to a 
customer. Satellites cover a certain area on the earth. This area is 
termed as a „footprint‟ of that satellite. Within the footprint, 
communication with that satellite is possible for mobile users. 
These users communicate using a Mobile-User-Link (MUL). The 
base-stations communicate with satellites using a Gateway-Link 
(GWL).  Sometimes it becomes necessary for satellite to create a 
communication link between users belonging to two different 
footprints. Here the satellites send signals to each other and this is 
done using Inter-Satellite-Link (ISL).  
 
 

1.4  FREQUENCY ALLOCATION FOR SATELLITE  

 

 Allocation of frequencies to satellite services s a complicated 
process which requires international coordination and planning. 
This is done as per the International Telecommunication Union 
(ITU). To implement this frequency planning, the world is 
divided into three regions: 
 Region1: Europe, Africa and Mongolia 
 Region 2: North and South America and Greenland 
 Region 3: Asia (excluding region 1 areas), Australia and 

south-west Pacific. 

 Within these regions, he frequency bands are allocated to 
various satellite services. Some of them are listed below.  

 Fixed satellite service: Provides Links for existing 
Telephone Networks Used for transmitting television signals 
to cable companies 

 Broadcasting satellite service: Provides Direct Broadcast 
to homes.  E.g. Live Cricket matches etc 

 Mobile satellite services: This includes services for:  
Land Mobile 
Maritime Mobile 
Aeronautical mobile 

 Navigational satellite services : Include Global Positioning 
systems 
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 Meteorological satellite services: They are often used to 
perform Search and Rescue service 

 Below are the frequencies allocated to these satellites: 
Frequency Band (GHZ) Designations: 
 VHF: 01-0.3  
 UHF: 0.3-1.0  
 L-band: 1.0-2.0  
 S-band: 2.0-4.0  
 C-band: 4.0-8.0  
 X-band: 8.0-12.0 
 Ku-band: 12.0-18.0 (Ku is Under K Band) 
 Ka-band: 18.0-27.0 (Ka is Above K Band) 
 V-band: 40.0-75.0  
 W-band: 75-110  
 Mm-band: 110-300  
 μm-band: 300-3000  

 Based on the satellite service, following are the frequencies 
allocated to the satellites: 

Frequency Band (GHZ) Designations: 
 VHF: 01-0.3 ---Mobile & Navigational Satellite 

Services 
 L-band: 1.0-2.0 --- Mobile & Navigational Satellite 

Services 
 C-band: 4.0-8.0 --- Fixed Satellite Service 
 Ku-band: 12.0-18.0 --- Direct Broadcast Satellite 

Services 

 

1.5  TYPES OF SATELLITES (BASED ON ORBITS) 

 
1.5.1) Geostationary or geosynchronous earth orbit (GEO) 

 GEO satellites are synchronous with respect to earth. Looking 
from a fixed point from Earth, these satellites appear to be 
stationary. These satellites are placed in the space in such a 
way that only three satellites are sufficient to provide connection 
throughout the surface of the Earth (that is; their footprint is 
covering almost 1/3rd of the Earth). The orbit of these satellites 
is circular.  

 

 There are three conditions which lead to geostationary 
satellites. Lifetime expectancy of these satellites is 15 years.  
1) The satellite should be placed 37,786 kms (approximated to 

36,000 kms) above the surface of the earth. 
2) These satellites must travel in the rotational speed of earth, 

and in the direction of motion of earth, that is eastward. 
3) The inclination of satellite with respect to earth must be 00. 

 Geostationary satellite in practical is termed as geosynchronous 
as there are multiple factors which make these satellites shift 
from the ideal geostationary condition.  
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1) Gravitational pull of sun and moon makes these satellites 
deviate from their orbit. Over the period of time, they go 
through a drag. (Earth‟s gravitational force has no effect on 
these satellites due to their distance from the surface of the 
Earth.) 

2) These satellites experience the centrifugal force due to the 
rotation of Earth, making them deviate from their orbit.  

3) The non-circular shape of the earth leads to continuous 
adjustment of speed of satellite from the earth station.  

  

 These satellites are used for TV and radio broadcast, weather 
forecast and also, these satellites are operating as backbones 
for the telephone networks. 

 

 Disadvantages of GEO: Northern or southern regions of the 
Earth (poles) have more problems receiving these satellites due 
to the low elevation above a latitude of 60°, i.e., larger antennas 
are needed in this case. Shading of the signals is seen in cities 
due to high buildings and the low elevation further away from 
the equator limit transmission quality. The transmit power 
needed is relatively high which causes problems for battery 
powered devices. These satellites cannot be used for small 
mobile phones. The biggest problem for voice and also data 
communication is the high latency as without having any 
handovers, the signal has to at least travel 72,000 kms. Due to 
the large footprint, either frequencies cannot be reused or the 
GEO satellite needs special antennas focusing on a smaller 
footprint. Transferring a GEO into orbit is very expensive. 

 
1.5.2) Low Earth Orbit (LEO) satellites: 

 These satellites are placed 500-1500 kms above the surface of 
the earth. As LEOs circulate on a lower orbit, hence they exhibit 
a much shorter period that is 95 to 120 minutes. LEO systems 
try to ensure a high elevation for every spot on earth to provide 
a high quality communication link. Each LEO satellite will only 
be visible from the earth for around ten minutes.  

 

 Using advanced compression schemes, transmission rates of 
about 2,400 bit/s can be enough for voice communication. LEOs 
even provide this bandwidth for mobile terminals with Omni-
directional antennas using low transmit power in the range of 
1W. The delay for packets delivered via a LEO is relatively low 
(approx 10 ms). The delay is comparable to long-distance wired 
connections (about 5–10 ms). Smaller footprints of LEOs allow 
for better frequency reuse, similar to the concepts used for 
cellular networks. LEOs can provide a much higher elevation in 
Polar Regions and so better global coverage. 
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 Atlantic Ocean Region (AOR),  
 Indian Ocean Region (IOR), and  
 Pacific Ocean Region (POR)  

 
1.6.2) U.S DOMSATS 
Domestic Satellite: 

 In geostationary orbit   

 Over 140 member countries 

 Direct-to-home TV service   

 Three (3) categories of U. S. DBS system: high power, 
medium, and low power. 

 Measure in equivalent isotropic radiated power (EIRP). 

 The upper limit of EIRP: 
 High power (60 dBW),  
 Medium (48 dBW), and  
 Low power (37 dBW). 

 

1.6.3) Polar Orbiting Satellites 

These satellites follow the Polar Orbits. An infinite number of polar 
orbits cover north and south polar regions.  

 Weather (ultraviolet sensor also measure ozone level) 
satellites between 800 and 900 km 

 National Oceanic and Atmospheric Administration (NOAA) 
operate a weather satellite system   

 Satellite period is 102 minutes and earth rotated 25 degree. 

 Estimate the sub-satellite point at the following times after 
the equator 90 degree E North-South crossing:  

 a) 10 minutes, 87.5 degree E and 36 degree S;  

 b) 102 minutes, 65 degree E and equator;  

 c) 120 minutes, 60 degree E and 72 degree S. 

 The system uses both geostationary operational 
environment satellite (GOES) and polar operational 
environment satellite (POES)  

 Sun synchronous: they across the equator at the 
same local time each day 

 The morning orbit, at an altitude of 830 km, crosses 
the equator from south to north at 7:30 AM, and the 
afternoon orbit, at an altitude of 870 km, at 1:40 PM.  

 Search and rescue (SAR) satellite: Cospas-Sarsat.   

1.7  SUMMARY 
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This unit discusses the basics of satellite and elaborating the 
parameters which are needed to calculate the distance of an orbit 
to which a satellite is to be launched and the other factors which 
are necessary to define an orbit. Further this unit discusses the 
applications of satellites and elaborates on the global 
communication which has now become possible due to the 
presence of satellites. This unit also elaborates on the frequency 
bands used by each communication satellite.  

 
Going further, this unit also elaborates on the types of orbits 

a satellite can follow to provide communication. The last segment of 
this unit discuses three examples of satellite revolving around the 
Earth. 

 

1.8  EXERCISE  

 

1) List the various applications of satellite. 
2) Why is there a need for satellite communication?  
3) List and discuss the various orbits defined for satellite 

communication.  
4) Write a note on various satellite services available.  
5) What are the primary factors needed for defining an orbit of a 

satellite? 
6) Define elevation and inclination angles of a satellite orbit.  
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2.1  INTRODUCTION 

 
 The mathematical basis o satellite orbit determination has 

been known since the work of Newton and Kepler in the 17th 
Century. Since past half century some basic laws have been 
applied to the man made satellites commonly known artificial 
satellites in the Earth‟s orbit.  

 

2.2  KEPLER’S LAWS 

 
Johann Kepler developed empirically three laws of planetary 

motion, based on conclusions drawn from the extensive 
observations of Mars by Tycho Brahe (taken around the year 
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1600). While they were originally defined in terms of the motion of 
the planets about the Sun, they apply equally to the motion of 
natural or artificial satellites about the Earth. Kepler‟sfirst law states 
that the satellite follows an elliptical path in its orbit around the 
Earth. The satellite does not necessarily have uniform velocity 
around its orbit. Kepler‟s second law states that the line joining the 
satellite with the centre of the Earth sweeps out equal areas in 
equal times. Kepler‟s third law states that the cube of the mean 
distance of the satellite from the Earth is proportional to the square 
of its period. 
 

2.2.1) Kepler’s First Law 

 The path followed be a satellite (in our case artificial satellite) 
around the primary (a planet and in our case Earth) will be an 
ellipse.  

 
 “The orbit of every planer is an ellipse with sun at one of the 

two foci. “ 
 
 An ellipse has two focal points. Let us consider F1 and F2. The 

centre of mass of the two body system, known as the 
barycentre as always cantered at one foci. Due to the great 
difference between the masses of the planet (Earth) and the 
satellite, centre of mass always coincides with the centre of 
Earth and hence is always at one foci.  

(Note: Ellipse:  A regular oval shape, traced by a point moving in a 
plane so that the sum of its distances from two other points (the 
foci) is constant. 

Foci: The center of interest and in our case centre of the ellipse.) 

 Parameters associated with the 1st law of Kepler: 
o Eccentricity (e): it defines how stretched out an ellipse is 

from a perfect circle.  
 
o Semi-Major axis (a): It is the longest diameter, a line that 

runs through the centre and both foci, its ends being at the 
widest points of the shapes. This line joins the points of 
apogee. 

 
o Semi-Minor axis (b): the line joining the points of perigee is 

called the Semi-Minor axis.  
 

The value of e could be determined by: e = (√a2 – b2) / a 
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Figure 2.1: Foci F1 and F2, Semi-major axis a and semi-

minor axis b of an ellipse. 
 
 
22.2) Kepler’s Second Law 
 “For equal time intervals, a satellite will sweep out equal areas 

in its orbital plane focussed at the barycentre”.  
 
 With respect to the laws governing the planetary motion around 

the sun, tis law could be stated as “A line joining a planet and 
the sun sweeps our equal area during equal intervals of time”. 

 
Figure 2.2: The areas A1 and A2 swept out in unit intervals 

of time.  
 

 From figure 2.2 and considering the law stated above, if satellite 
travels distances S1 and S2 meters in 1 second, then areas A1 
and A2 will be equal.  

 
 The same area will be covered everyday regardless of where in 

its orbit a satellite is. As the First Keplerian law states that the 
satellite follows an elliptical orbit around the primary, then the 
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satellite is at different distances from the planet at different parts 
of the orbit. Hence the satellite has to move faster when it is 
closer to the Earth so that it sweeps an equal area on the Earth. 

 
 
 This could be achieved if the speed of the satellite is adjusted 

when it is closer to the surface of the Earth in order to make it 
sweep out equal areas (footprints) of the surface of the Earth.  

 

2.2.3) Kepler’s Third Law 

 The square of the periodic time of orbit is proportional to the 
cube of the mean distance between the two bodies.  

 
 The square of the orbital period of a planet is directly 

proportional to the cube of the semi-major axis of its orbit.  
 
 This law shows the relationship between the distances of 

satellite from earth and their orbital period.  
 
 Example: suppose satellite Satellite-I is four times as far from 

Earth as Satellite-II. Then I must traverse four times the 
distance of II in each orbit. Now considering the speed of I and 
II, suppose I travels at half the speed of II, then in order to 
maintain equilibrium with the reduced gravitational force (as I is 
four times away from Earth than what II is), then in all it will 
require 4 x 2 = 8 times as long for I to travel an orbit in 
agreement with the law which comes down to (82 = 43). 

 
 Symbolically: P2 α a3 (P2 is directly proportional to a3) 

Where P is the orbital period; a is the semi-major axis 
        a3 = µ/n2 

 

Where n is the mean motion of satellite in radians per second 
and µ is the Earth‟s geocentric gravitational constant.  

       µ = 3.986005 x 1014 m3/sec2 
 
Due to Earth‟s oblateness, a new parameter called drag is taken 
into account. 
 P = 2П / n 

Here, P is in seconds and n is in radians/ second 
 
This law also confirms the fact that there is a fixed relation between 
period and size.  
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2.3 DEFINITIONS 

 

 Apogee: A point for a satellite farthest from the Earth. It is 
denoted as ha. 

 

 Perigee: A point for a satellite closest from the Earth. It is 
denoted as hp. 

 

 Line of Apsides: Line joining perigee and apogee through 
centre of the Earth. It is the major axis of the orbit. One-half of 
this line‟s length is the semi-major axis equivalents to 
satellite‟s mean distance from the Earth.  

 

 Ascending Node: The point where the orbit crosses the 
equatorial plane going from north to south. 

 

 Descending Node: The point where the orbit crosses the 
equatorial plane going from south to north. 

 

 Inclination: the angle between the orbital plane and the 
Earth‟s equatorial plane. Its measured at the ascending node 
from the equator to the orbit, going from East to North. Also, 
this angle is commonly denoted as i.  

 

 Line of Nodes: the line joining the ascending and descending 
nodes through the centre of Earth.  

 

 Prograde Orbit: an orbit in which satellite moves in the same 
direction as the Earth‟s rotation. Its inclination is always 
between 00 to 900. Many satellites follow this path as Earth‟s 
velocity makes it easier to lunch these satellites.  

 

 Retrograde Orbit: an orbit in which satellite moves in the 
same direction counter to the Earth‟s rotation. 

 

 Argument of Perigee: An angle from the point of perigee 
measure in the orbital plane at the Earth‟s centre, in the 
direction of the satellite motion.  

 

 Right ascension of ascending node: The definition of an 
orbit in space, the position of ascending node is specified. But 
as the Earth spins, the longitude of ascending node changes 
and cannot be used for reference. Thus for practical 
determination of an orbit, the longitude and time of crossing 
the ascending node is used. For absolute measurement, a 
fixed reference point in space is required. It could also be 
defined as “right ascension of the ascending node; right 
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ascension is the angular position measured eastward along 
the celestial equator from the vernal equinox vector to the 
hour circle of the object”. 

 

 Mean anamoly: It gives the average value to the angular 
position of the satellite with reference to the perigee.  

 

 True anamoly: It is the angle from point of perigee to the 
satellite‟s position, measure at the Earth‟s centre.  

 

 
 

Figure 2.3: Apogee height ha, Perigee height hp, 
Inclination i, line of apsides la 

 

 
 
 

Figure 2.4: Prograde and Retrograde orbits 
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Figure 2.5: Argument of Perigee and Right ascension of 
ascending node 

 
 

2.3.1) Orbital Elements 

 Following are the 6 elements of the Keplerian Element set 
commonly known as orbital elements.  

1. Semi-Major axis (a) 
2. Eccentricity (e) 

They give the shape (of ellipse) to the satellite‟s orbit. 

3. Mean anomaly (M0) 
It denotes the position of a satellite in its orbit at a given 
reference time. 

4. Argument of Perigee 
It gives the rotation of the orbit‟s perigee point relative to the 
orbit‟s nodes in the earth‟s equatorial plane.  

5. Inclination 
6. Right ascension of ascending node 
 

They relate the orbital plane‟s position to the Earth.  
 

 As the equatorial bulge causes a slow variation in argument 
of perigee and right ascension of ascending node, and because 
other perturbing forces may alter the orbital elements slightly, the 
values are specified for the reference time or epoch.  

 

2.4 ORBITAL PERBUTATIONS 

 
 Theoretically, an orbit described by Kepler is ideal as Earth is 

considered to be a perfect sphere and the force acting around 
the Earth is the centrifugal force. This force is supposed to 
balance the gravitational pull of the earth.  
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 This causes the satellite to not reach the apogee height 
successive revolutions. This leads to a change in value of 
semi-major axis and eccentricity. Satellites in service are 
maneuvered by the earth station back to their original orbital 
position.  

 

2.5 INCLINED ORBITS 

 
 While considering an orbit of non- geostationary orbit satellite, 

different parameters are referred at different reference frames. 
The orbital elements are calculated with respect to the plane of 
the orbit, which is fixed in space and the earth stations position 
is given by geographic coordinates that rotate with the earth.  

 

 Other factors of consideration are azimuth and elevation 
angles. Thus for calculation purpose, transformations between 
coordinate system is required.  

 

 The following quantities and concepts are required  
o Orbital elements 
o Various measures of time 
o Perifocal coordinate system- based on orbital plane 
o Geocentric-equatorial plane coordinate system – Earth‟s 

equatorial plane 
o Topocentric – horizon coordinate system- observer‟s 

horizon plane. 
 

2.5.1) Calendars 

 Calendars are created with respect to the position of sun. As 
Earth‟s motion around the sun is not uniform, its called 
“mean sun”. Calendar days are “mean solar days”. Tropical 
year has 365.2422 days. It is generally taken as 365 
(commonly known as civil year). 

 

 The extra 0.2422 is significant and for example after 100 
years, there will be drift of 24 days between calendar year 
and tropical year. Hence the concept of Leap year came into 
existence.  

 

 By the year 1582, a discrepancy was once again observed. 
The discrepancy existed between the civil and the tropical 
years. To synchronize them, days between 5th October – 
14th October 1582 were abolished.  

 

 Additional constraints were added that on years ending with 
two zeros to be considered as leap years. The resulting 
calendar is called as the Gregorian Calender; named after 
Pope Gregory XIII.  
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Example: Calculate the average length of the civil year in 
Gregorian calendar 
 
Solution:  
Nominal number of days in 400 years = 400 x 365 
Number of leap years in 400 years = 400 / 4 
This must be reduced by 3 days; 
Hence, 14600 + 100 – 3 = 146097 
 
Therefore, yearly average = 14697 / 400  
        = 356.2425 
 
2.5.2) Universal Time 
Universal time coordinate (UTC) is the time used for all civic time 
keeping purpose. Fundamental unit of UTC is mean solar day. 
UTC is equivalent to Greenwich mean time (GMT) and the Zullu 
time (Z). 
1 Mean Solar Day s divided into 24 hours; 
1 Hour into 60 minutes; 
1 Minute into 60 seconds. 
Thus there are 86,400 seconds in a day. 
 
Example: calculate time in days, hours, minutes and seconds for 
epoch day 324.95616765 
 
Solution: Mean solar day = 324th + 0.95616765 mean solar day 
Therefore; 
24 x 0.95616765 = 22.948022 
60 x 0.948022 = 56.881344 
60 x 0.881344 = 52.88064 
 
Thus; Epoch is at 22 hours 56 minutes a 52.88 seconds of the 
324th day of the year.  
 
For computations, UT requires two forms: 

1. Fraction of a day 
2. In Degrees  

 
2.5.3) Julian Date 

 Generally time interval between two events is computed using 
calendar time or UT. But this notation is not suited for 
computations where timing of many events has to be computed. 

   

 Thus creating a reference time in which all the events can be 
referred in decimal days is required. Such a time reference is 
provided by the Julian zero time reference, which is 12 noon 
(12:00 UT) on January 1, 4713 (it is a hypothetical starting 
point).  
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Example: Find the Julian Date for 13 hours UT on 18 Dec 2000 
 
Solution:  
y = 2000 
mon = 12 
dy = 18 
hours = 13 
minutes = 0 
seconds = 0 

 
d = dy + mon + hours + minutes + seconds 

= 18 + 13 + 0 + 0  
= 31 
 

A = floor (y/100) 
= 2000/100 
= 20  
 

B = 2 –A + floor (A/4) 
= 2 – 20 + 5  
=  -13 
 
C = floor ( 365.25 x y)  
= 730500 
 

D = floor (30.6001 x (mon + 1) ) 
= 397.8013 
 

JD = B + C + D + d + 1720994.5 
 

Thus, Julian Day = 2451897.0417 
 

Julian Time Computation 

 To measure time intervals, Julian Century concept is created. A 
Julian century (JC) has 36525 mean solar days. The time 
interval is calculated with respect reference time of January 0.5, 
1900 which corresponds to 2,415,020 Julian Days. 

 

Denoting reference time as JDref, Julian century  as JC and time in 
question as JD, then interval in JC from the reference time to the 
time in question is calculated as: T = (JD – JDref )/ JC 
 

Example: Find the JD from reference time Jan 0.5 1900 to UT 13 
hours of 18th December 2000 
 
Solution: 

y = 2000 
mon = 12 
dy = 18 
hours = 13 
minutes = 0 
seconds = 0 
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d = dy + mon + hours + minutes + seconds 
= 18 + 13 + 0 + 0  
= 31 
 

A = floor (y/100) 
= 2000/100 
= 20  
 

 B =  2 –A + floor (A/4) 
= 2 – 20 + 5  
 =  -13 
 

C = floor ( 365.25 x y)  
= 730500 
 

D = floor (30.6001 x (mon + 1) ) 
= 397.8013 
 

JD = B + C + D + d + 1720994.5 
Thus, Julian Day = 2451897.0417 
JDref = 2145020 
JC = 36525 
Thus T = (JD – JDref )/ JC 
= (2451897.0417 – 2415020 ) / 36525 
T = 1.00963838 (time has no dimensions) 
 

The Time from the referenced time to 18th Dec, 13 hours of UT  
is 1.00963838 
 

2.5.4) Sidereal Time 
 The time measured with respect to stationary stars is called 
sidereal time. It is observed that one complete rotation of the Earth 
is relative to the fixed stars is not a complete rotation relative to the 
sun. This happens as Earth also moves in its orbit around the sun.  
 

1 mean solar day = 1.0027379039 mean sidereal days 
    = 24 hours 3 minutes 56.5536 seconds sidereal time 
 

2.6  SUMMARY 

 
This unit discusses the basics of satellite and elaborating the 

parameters which are needed to calculate the distance of an orbit 
to which a satellite is to be launched and the other factors which 
are necessary to define an orbit. Further this unit discusses the 
applications of satellites and elaborates on the global 
communication which has now become possible due to the 
presence of satellites. This unit also elaborates on the frequency 
bands used by each communication satellite.  
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Going further, this unit also elaborates on the types of orbits 
a satellite can follow to provide communication. The last segment of 
this unit discuses three examples of satellite revolving around the 
Earth. 
 

2.7  EXERCISE  
 

1) List the various applications of satellite. 
2) Why is there a need for satellite communication?  
3) List and discuss the various orbits defined for satellite 

communication.  
4) Write a note on various satellite services available.  
5) What are the primary factors needed for defining an orbit of a 

satellite? 
6) Define elevation and inclination angles of a satellite orbit.  
7) Define the following: 

a) Apogee and Perigee 
b) Line of Apsides 
c) Ascending and Descending Nodes 
d) Line of Nodes 
e) Prograde and Retrograde Orbits 
f)       Arguement of Perigee 
g) Right ascension of ascending node 
h) Mean and True anomaly 
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GEOSTATIONARY ORBIT 
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3.1  INTRODUCTION 

 
 A satellite that appears stationary with respect to Earth is 

hence named Geostationary. To appear stationary, these 
satellites have to fulfil three conditions: 

o It must travel eastward at the same rotational speed 
as the Earth. 

o The inclination of the orbit must be zero.  
o The orbit must be circular. 
 

 If the satellite has to appear stationary, then it has to move at 
the same speed as the Earth (which is constant).  

 

 Constant speed means equal areas must be swept out at 
equal intervals of time. This could only be attained using a 
circular orbit.  

 

 Inclination must be zero as having any inclination would lead 
the satellite to move from north-south directions. Orbits with 
zero inclination lie in the Earth‟s equatorial plane.  
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Figure 3.2: The spherical geometry related to figure 3.1 

 

 With respect to the figure 3.1 and 3.2, the following information 
is needed to determine the look angles of geostationary orbit. 

1. Earth Station Latitude: λE 

2. Earth Station Longitude: ΦE 

3. Sub-Satellite Point‟s Longitude: ΦSS 

4. ES: Position of Earth Station 
5. SS: Sub-Satellite Point 
6. S: Satellite 
7. d: Range from ES to S 

8. ζ: angle to be determined 

 
 

Figure 3.3: A plane triangle obtained from figure 3.1 
 

 Considering figure 3.3, it‟s a spherical triangle. All sides are the 
arcs of a great circle. Three sides of this triangle are defined by 
the angles subtended by the centre of the earth.  

 
o Side a: angle between North Pole and radius of the 

sub-satellite point. 
 
o Side b: angle between radius of Earth and radius of 

the sub-satellite point. 
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o Side c: angle between radius of Earth and the North 
Pole. 

a = 900 and such a spherical triangle is called quadrantal 
triangle. 

c = 900 – λ 
 

 Angle B is the angle between the plane containing c and the 
plane containing a. 

Thus, B = ΦE-ΦSS 

Angle A is the angle between the plane containing b and the 
plane containing c. 
Angle C is the angle between the plane containing a and the 
plane containing b. 
Thus, a = 900 

         c = 900 - λE 

         B = ΦE-ΦSS 

Thus, b = arcos (cos B cos λE) 
A = arcsin (sin |B| / sin b) 
 

Example: A geostationary satellite is located 900 W. Calculate the 
azimuth angle for an Earth station antenna located at latitude 
350 W and longitude 1000 W.  
 

Solution: The given quantities are: 
 

ΦE =- 100 degrees;  
ΦSS= - 90 degrees;   

λE = 35 degrees  
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Figure 3.4: Azimuth angle related to angle A with respect to 

table 1.  
 

 
Table 1: Azimuth Angle Az from figure 3.3 
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By inspection, λE> 0 and B < 0. Therefore Figure 3.4 (c) applies, 

and; 

 
 
Applying the cosine rule for plane triangle to the triangle of figure 
3.3 allows the range d to be found to a close approximation:  

 
 
Applying the sine rule for plane triangles to the triangle of figure 3.3 
allows the angle of elevation to be found: 

 
 

3.3  POLAR MOUNT ANTENNAS 

 

 These antennas are pointing accurately only for one satellite. 
They have a single actuator which moves the antenna in a 
circular arc. Generally some pointing error is seen in these 
antennas. The dish of this antenna is mounted on an axis 
termed as polar axis such that the antenna bore sight is normal 
to this axis. As in figure 3.5.  

 

 The angle between polar mount and the local horizontal plane 

is set equal to the earth station latitude λE, making bore sight 

lie parallel to the equatorial plane. Now the axis is tilted at an 
angle S, which is relative to the polar mount until the bore sight 
is pointing at a satellite position. 

δ = 900 – El0 - λE 
  
Where El0 is the elevation required for the satellite position.  

Thus cos El0 = (agso / d) sin λE 

Hence δ = 900 – arcos [(agso / d) sin λE] - λE 
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Figure 3.6 (a), (b) and (c): Polar mount Antenna 

 
Example: Determine the angle of tilt required for polar mount used 
with an earth station at latitude 49 degrees north. Assume a 
spherical Earth of mean radius 6371 km, and ignore the earth 
station latitude. 
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Solution:  
 

 
 
 
 
 
 
 

3.4  LIMITS OF VISIBILITY 

 
The east and west limits of geostationary are visible from 

any given Earth station. These limits are set by the geographic 
coordinates of the Earth station and antenna elevation. The lowest 
elevation is zero (in theory) but in practice, to avoid reception of 
excess noise from Earth. Some finite minimum value of elevation is 
issued. The earth station can see a satellite over a geostationary 
arc bounded by +- (81.30) about the earth station‟s longitude.  
 

3.5  NEAR GEOSTATIONARY ORBITS 

 
 There are a number of perbuting forces that cause an orbit to 

depart from ideal Keplerian orbit. The most effecting ones are 
gravitational fields of sun and moon, non-spherical shape of the 
Earth, reaction of the satellite itself to motor movements within 
the satellites.  

 

 Thus the earth station keeps manoeuvring the satellite to 
maintain its position. Within a set of nominal geostationary 
coordinates. Thus the exact GEO is not attainable in practice 
and the orbital parameters vary with time. Hence these 
satellites are called “Geosynchronous” satellites or “Near-
Geostationary satellites”.  
 

3.6  EARTH ECLIPSE OF A SATELLITE 

 
 It occurs when Earth‟s equatorial plane coincides with the 

plane f he Earth‟s orbit around the sun. Near the time of spring 
and autumnal equinoxes, when the sun is crossing the equator, 
the satellite passes into sun‟s shadow. This happens for some 
duration of time every day.  

 

 These eclipses begin 23 days before the equinox and end 23 
days after the equinox. They last for almost 10 minutes at the 
beginning and end of equinox and increase for a maximum 
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change and polarization rotation. These effects decrease as the 
frequency increases. Out of the above effect only scintillation 
and polarization rotation are of major concern for satellite 
communication.  

 

 Absorption: Electromagnetic waves are absorbed in the 
atmosphere according to wavelength. Two compounds are 
responsible for the majority of signal absorption: oxygen (O2) 
and water. It is seen for frequencies at 22 GHz due to water, 
and at 63 GHz due to oxygen. The concrete amount of water 
vapour and oxygen in the atmosphere normally declines with an 
increase in altitude because of the decrease in pressure.  

 

 Propagation Delay: Propagation delay is the time required for a 
signal to travel from the sender (in our case from an earth 
station or a spacecraft) to the receiver. It is measured 
in microsecond.  As distances are very much greater than those 
involved with terrestrial systems, propagation delay can be an 
issue, especially for satellites using geostationary orbits. Here 
the round trip from the ground to the satellite and back can be of 
the order of a quarter of a second. 

 

 Dispersion: Here the signals are distributed over a wide area. 
 

 Polarization Rotation: It is the phenomenon in which waves of 
light or other radiation are restricted in direction of vibration. 

 

 Scintillation: it is the variation in the amplitude, phase, 
polarization, angle of arrival of radio waves. They are caused by 
the irregularities in the ionosphere which change with time. 
Fading of signal is the major effect o ionosphere scintillation. 
The effect of fading can sometimes be very severe and may last 
upto several minutes.  
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Table 4.1: Propagation concerns of Satellite Communication 
Systems 

 
 

4.4  RAIN ATTENUATION 

 
 The rate at which the rain water would get accumulated in a 
rain gauge in the area of interest is called rain rate. Rain 
attenuation is a function of rain rate. It is calculated in percentage 
time. A percentage time is generally of a year.  
 
Example: Rain rate of 0.001 percent means the rain rate would 

exceed by 0.001 percent of a year and it is be denoted as R0.001. 

Percentage time is denoted as p and rain rate as Rp. 

Specific attenuation α is given by: 

α = a Rb
pdB/km 

Where a and b depend upon frequency and polarization.  
Total attenuation, denoted by A is given by: 

A = α L   dB 

Where L is the effective path length of the signal through rain. 
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Figure 4.2: Path length through rain 
 

Here, Ls -> Slant Height and it depends upon the antenna angle of 

elevation θ and rain height. 

hR -> Rain Height at which freezing occurs. 

LG -> Horizontal projection of Ls 

Thus effective path length L is given by: 

L = Ls rp 
Where rpis the reduction factor of percentage time p andLG 

 

   That is; LG = Lscos El 
Therefore rain attenuation isAp = a Rb

p Ls rpdB 

 

4.5  OTHER IMPAIRMENTS 

 
Due to the low water content in them, rain, ice and hail have a little 
effect on attenuation. Attenuation can be caused by clouds but 
generally its effect is comparatively low. 
 

4.6  SUMMARY 

 
This unit discusses how the atmosphere surrounding the 

earth affects the signals which pass through it. The layer of 
Ionosphere is majorly responsible for degrading the satellite signal. 
The ionosphere losses that mainly occur due to the electron clouds 
are pre calculated by the earth stations and accordingly the 
frequency of signal transmitted is adjusted. Further this Unit 
explains the effect of rain on a signal and calculates the rain 
attenuation.  
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4.6  EXERCISE  

 
1. Explain the phenomenon of scintillation.  
2. What are atmospheric losses? 
3. Explain the effects of clouds of electrons. 
4. List various propagation concerns for satellite communication 

systems. 
5. Explain ionosphere scintillation.  
6. What is meant by rain attenuation? Derive an equation for the 

same. 
7. Explain what is meant by effective path length in connection 

with rain attenuation. 
8. Explain what is meant by rain rate. How this is related to specific 

attenuation.  
9. Describe the major effect that ionosphere has on satellite 

signals losses? 
10. Hello world            Hello world            Hello world            Hello world            Hello world            Hello world            Hello world            Hello world            Hello world            Hello world            Hello world            Hello world            Hello world            Hello world            Hello world            Hello world             Hello wor ld            Hello world            Hello world            Hello 
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that the thumb points in the direction of current flow, the fingers 
will be pointing in the direction of the magnetic field produced by 
the wire. Also known as hand rule. For a moving wire in a 
magnetic field, such as the wire on the armature of a generator, 
if the thumb, first, and second fingers of the right hand are 
extended at right angles to one another, with the first finger 
representing the direction of magnetic lines of force and the 
second finger representing the direction of current flow induced 
by the wire's motion, the thumb will be pointing in the direction 
of motion of the wire.  

 

 Dipole:A pair of equal and oppositely charged or magnetized 
poles separated by a distance. 

 
 

 Co-Polar Component: 

 Torque:it‟s a tendency of force to rotate an object about its axis 
or fulcrum or pivot. It‟s the cross product between distance 
vector and force vector. 
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world            Hello world            Hello world             Hello world            Hello world            Hello world            Hello world 

 

5.2  PLANE TRANSVERSE ELECTROMAGNETIC 
WAVE (TEM) 

 
 The signal sent to a satellite is generally in the form of a 

Transverse Electromagnetic Wave. In TEM wave electric field 
vector is perpendicular to the direction of propagation. In the 
figure, magnetic field H and electric field E are transverse to the 
direction of propagation that is vector k. 

 
Figure 5.1: Vector diagram for TEM wave 

 

 E, H and k are vector quantities. The path defined when rotation 
from E to H in the direction of rotation of right hand threaded 
screw, they form a right hand set. Considering TEM wave as a 
plane, then vectors E and H lie in the plane which is at right 
angles to vector k. Hence k is normal to the plane. 
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 The direction of the line traced out by the tip of the electric field 
vector determines the polarization of the wave.  

 

 Electric and magnetic fields are varying functions of time. 
Magnetic field varies exactly in phase with the electric field and 
its amplitude is proportional to electric field‟s amplitude. Thus 
only electric field is considered.  

 

 Tim of vector E traces out a straight line also referred as linear 
polarization. When E is perpendicular to the Earth‟s surface, it‟s 
called vertical polarization and when it‟s perpendicular to Earth‟s 
surface, it‟s called horizontal polarization.  

 

 Let horizontal moment be x and vertical be y axes of right hand 
set.  
Thus vertical polarized electric field can be described as 

Ey = ây Ey sin ωt 
Where: ây is unit vector in vertical direction, Ey is the peak value 
(magnitude) of electric field.  
     Similarly Horizontal polarization id 

Ex = âx Ex sin ωt 

 When both these fields are present together, the resultant 
vector is at 

α = arctan Ey /Ex 
Ey and Ex are orthogonal (at right angles) but lead each other by 
900in phase.  

Ey = ây E sin ωt 
Ex = âx E cos ωt 

Hence,     α = ωt 

 
Figure 5.2: Horizontal and Vertical components of a linear 

polarization 
 

 When tip of the resultant vector traces out a circle, the resultant 
wave is circularly polarized whose direction is defined by the 
rotation of the vector. It can follow right-hand circular (RHC) 
clock-wise direction or left-hand circular (LHC) anti-clock wise 
direction.  
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Figure 5.3: Circular Polarization 

 

5.3  ANTENNA POLARIZATION 

 
 It is defined by polarization (time-varying direction and 

amplitude) of the wave it transmits.  
 

 The polarization of an antenna is the orientation of the electric 
field (E-plane) of the radio wave with respect to the Earth's 
surface and is determined by the physical structure of the 
antenna and by its orientation. It has nothing in common with 
antenna directionality terms: "horizontal", "vertical", and 
"circular". Thus, a simple straight wire antenna will have one 
polarization when mounted vertically, and a different polarization 
when mounted horizontally.  

 

 Reflections generally influence polarization. For radio waves the 
most significant reflector is the ionosphere - signals which 
reflect from it will have their polarization changed unpredictably. 
For signals which are reflected by the ionosphere, polarization 
cannot be relied upon. For line-of-sight communications for 
which polarization can be relied upon, it can make a large 
difference in signal quality to have the transmitter and receiver 
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using the same polarization; the difference which is commonly 
seen and this is more than enough to make the difference 
between reasonable communication and a broken link. 

 

 Polarization is largely predictable from antenna construction but, 
especially in directional antennas, the polarization of side lobes 
can be quite different from that of the main propagation lobe. 
For radio antennas, polarization corresponds to the orientation 
of the radiating element in an antenna. A vertical Omni-
directional Wi-Fi antenna will have vertical polarization (the most 
common type). An exception is a class of elongated waveguide 
antennas in which vertically placed antennas is horizontally 
polarized. Many commercial antennas are marked as to the 
polarization of their emitted signals. 

 

 Horizontal dipole produces a horizontally polarized wave; 
vertical dipole produces a vertically polarized wave. When both 
these dipoles are mounted close to each other at right angles, 
they produce a circularly polarized wave.   

 

 At the receiving end, antenna should be aligned in such a way 
that maximum power transfer should occur.  
 If the dipole is parallel to electric field E, induced voltage will 

be maximum; V= max 
 If dipole is perpendicular to E, then V = 0 
 If dipole lies in the plane of polarization and is at an angle α 

to E then V = V max cos α 
 

 
Figure 5.4: Linear polarization relative to a receiving dipole. 

 
(If the wave is circularly polarized, maximum power is attained by 
the two dipoles producing it.) 
 

 Grid of parallel wires is created to reflect a linear polarized wave 
when the electric field is parallel to the wires. This leads to a 
transmission of orthogonal wave.  
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polarization is where its Earth‟s electric field is parallel to the 
Earth‟s polar axis.  

 

 For sub-satellite point on the equator, both the polarization 
vector will be at some angle relative to a reference plane. The 
reference plane for direction of propagation and local gravity 
direction is defined in the figure below.  

 

  

 
Figure 5.6: Reference plane for direction of propagation and 

local gravity direction 

 
Derivation: 

I) let k  propagation direction 
 r local gravity direction 
 f direction of normal to the reference plane. 

f = k x r 
p unit polarization vector at Earth Station 
 n Angle between p and f given by vector dot product 

n = arcos (p.f / |f|) 
As the angle between normal and its plane is 900, angle 
between p and its reference plane is given by:  

ξ = |900 – n| 
ξ = |arcsin (p.f) / |f| | 

Note: Polarization vector is always at right angles to the direction of 
propagation. 
 
II) Relation between p and e 
 p polarization vector 
 e polarization at satellite 
 Vpe lies parallel to Earth‟s North-South axis 
 Hp  e lies in the equatorial plane at right angles to the 

geostationary radius agso to the satellite. 

The cross product is: g = k x e 
g normal to the plane containing e and k 
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Cross product of g with k is given by h 
h = g x k 

Unit polarization vector at Earth is:  
P = h / |h| 

 
III) Taking the longitude of satellite as reference, the satellite is 
positioned along the positive x axis at  

xs = agso 

Coordinates of Earth station position vector R are: 
Rx  R cos λ cos B 
Ry R cos λ sin B 
Rz R sin λ 

Where B = ΦE - ΦSS (Latitude of Earth Station and Sub-Satellite 
point) 

 
Figure 5.7: Vectors g = k x e and h = g x k 

 
Local gravity direction is r = - R. 
Thus the coordinates for direction of propagation are 

kx = Rx – agso 
ky = Ry 
kz = Rz 

 

Example: A GEO satellite is positioned at 1050 W and sends a 
vertically polarized wave. Determine its angle of polarization at an 
Earth station positioned 180 N latitude and 730 W longitudes. 
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Solution : 
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5.5  POLARIZATION DISCRIMINATION 

 
 The propagation path of a signal has to go through the 

ionosphere in order to reach the satellite from earth station and 
vice versa. These signal sometimes also pass through clouds, 
rain crystals, rain etc. all these factors alter the polarization of a 
signal. Sometimes an additional orthogonal signal might get 
generated leading to the effect of depolarization. Two measures 
are used to calculate the effect of depolarization. 
 

I) Cross Polarization Discrimination (XPD) 
It‟s the most widely used measure. The transmitted electric field 
has magnitude E1 before it enters the medium (as shown in 
figure 5.6). On entering the medium, E1 also gets depolarized. 
Thus at the receiving end antenna, electric field may have two 
components: 
 Co-polar component with magnitude E11 
 Cross-polar component with magnitude E12 

XPD in decibels is: XPD = 20 log E11 / E12 
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Figure 5.8: Vectors defining Cross Polarization 

Discrimation 
 

II) Polarization Isolation (I) 
Here the two orthogonally polarized signals with 
magnitudes E1 and E2 are transmitted. After passing 
through the depolarizing medium, the co-polar and cross-
polar components exist for both the waves. The polarization 
isolation is defined by the ration of the received co-polar 
power to the received cross-polar power. This means it 
considers the additional depolarization.  
 

I = 20 log E11 / E12 

 
 

Figure 5.9: Vectors defining Polarization Isolation 
 

 I and XPD have similar results when transmitted signals have 
the same magnitude (E1= E2). The receiving system introduces 
negligible depolarization.  

 

5.6  IONOSPHERIC DEPOLARIZATION 

 
 The layer above the Earth‟s surface carrying charged particles 

is called ionosphere (as described in Unit 4). This layer is 
charged because of solar radiation.  
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 Free electrons that are freely (non-uniformly) distributed in this 
layer form electron clouds. And cause travelling ionospheric 
disturbances. Signals passing through these clouds face 
fluctuations and Faraday‟s rotation.  

 

 The motion of these free electrons is within the magnetic field of 
the Earth. But as soon as the travelling wave passes through 
them, their direction of motion no longer remains parallel to the 
electric field of the wave and these electrons react back on 
these waves.  

 

 This leads to a shift in the polarization. This angular shift in 
polarization is also dependent on the length of the path in the 
ionosphere and the electron density of the region of interest. 
Faraday‟s rotation is inversely proportional to the frequency 
shared and is not considered as a problem for frequency above 
10 GHz.  

 

Let linear polarization wave have electric fields E at the receiver 
antenna with no Faraday rotation. Thus received power is E2 
Faraday rotation of θF degrees results into co-polar component 
of the received signal being reduced to: 

Eco = E cos θF 

Thus the receiving power in this case is Eco
2 

Thus polarization loss (PL) in decibels is: 
PL = 20 log Eco / E 

Thus, PL = 20 log (cos θF) 
Similarly, cross-polar component is: 

XPD = 20 log Eco / Ex 

Thus, XPD = 20 log (cos θF) 

 

5.7  RAIN DEPOLARIZATION 
 

 The ideal shape of a rain drop is spherical as it minimizes the 
energy required to hold the raindrop together. Longer drops are 
oblate or elongated and they generally flatten underneath due to 
the gravity or air resistance.  

 

 Linear polarized wave can have two components; they are 
vertical and horizontal polarized. Considering a wave with its 

electric vector at some angle η relative to the major axis of the 

rain drop.  
 

 Vertical component is parallel to the minor axis of the rain drop 
and thus having less water content. It is vice versa for the 
horizontal component. Due to this, there lies a difference 
between the attenuation and phase shift of each electric field 
component.  

 This is termed as differential attenuation and differentia phase 
shift and they result in depolarization of the signal.  
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Figure 5.10: Polarization vector relative to major and minor 
axis of a rain drop. 

 Compensation techniques for rain depolarization in satellite links 
are discussed from the viewpoint of system configuration, 
performance, and technical feasibility. The compensator using 
two rotatable polarizer has sufficient performance at microwave 
region. Two types of compensators, as combination of 900 and 
1800polarizer and a combination of two 90 deg polarizer, were 
developed and tested. Satisfactory results were obtained at 4-
GHz band by using the Intelsat satellite. 

 

 To summarize, the effect of rain depolarization has been 
calculated as a function of rain rate, path length, and frequency 
of differential phase shift and differential attenuation due to 
oblate raindrops. The experimental values generally agree with 
the theoretical predictions, but the latter tend to underestimate 
the effect. This underestimation is possibly due to some near-
field effect plus the errors introduced by approximating the 
raindrops as ellipsoids, especially at high rain rates. 
Nevertheless, theoretical and experimental values of the level of 
depolarization due to rain generally differ by no more than 3dB. 

 

5.8  ICE DEPOLARIZATION 
 

 Ice layer that is present over the rain region causes 
depolarization. Ice which is comparatively a good dielectric 
component leads to more loss. Shape of ice crystals is like a 
needle or like a plate and if they are all aligned; their effect of 
depolarization is much more. 

 Sudden increase in the XPD coinciding with lightening can 
cause severe damage to the signals. Generally a fixed value in 
decibels of XPD is calculated for account of ice depolarization.  
[Dielectric: it is an electric insulator that can be polarizes by an 
applied electric field.] 
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5.9  SUMMARY 

 
 Polarization is an important factor for satellite 
communication. Both RF antennas and electromagnetic waves are 
said to have a polarization. For the electromagnetic wave the 
polarization is effectively the plane in which the electric wave 
vibrates. This is important when looking at antennas because they 
are sensitive to polarization, and generally only receive or transmit 
a signal with a particular polarization. 
 
 For most antennas it is very easy to determine the 
polarization. It is simply in the same plane as the elements of the 
antenna. So a vertical antenna (i.e. one with vertical elements) will 
receive vertically polarized signals best and similarly a horizontal 
antenna will receive horizontally polarized signals. 
 

5.10  EXERCISE  

 
1. Discuss the plane TEM wave. 
2. Write a note on Ice Depolarization. 
3. Differentiate between XPD and Polarization Isolation. 
4. What is Polarization Discrimination? 
5. What are travelling ionospheric disturbances?  
6. Write a note on Rain Depolarization.  
7. Explain what is meant by orthogonal polarization and the 

importance of this in satellite communication. 
8. Discuss Ionospheric Depolarization.  
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UNIT II SPACE SEGMENT AND SATELLITE LINK DESIGN

2.1 Spacecraft Technology- Structure:

A satellite communications system can be broadly divided into two
segments—a ground segment and a space segment.

The space segment will obviously include the satellites, but it also
includes the ground facilities needed to keep the satellites operational, these
being referred to as the tracking, telemetry, and command (TT&C) facilities. In
many networks it is common practice to employ a ground station solely for the
purpose of TT&C.

Figure 2.1 (a) Satellite Structure

The equipment carried aboard the satellite also can be classified
according to function. The payload refers to the equipment used to pro- vide the
service for which the satellite has been launched.

In a communications satellite, the equipment which provides the con-
necting link between the satellite’s transmit and receive antennas is referred
to as the transponder. The transponder forms one of the main sections of the
payload, the other being the antenna subsystems.In this chapter the main
characteristics of certain bus systems and payloads are described.


