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Unit-II 

The Geostationary orbit: Introduction, antenna look angles, polar mount antenna, limits of 
visibility, near geostationary orbits, earth eclipse of satellite, sun transit outage, launching 
orbits. Polarization antenna polarization, polarization of satellite signals, cross polarization 
discrimination. Depolarization: Ionospheric  rain, ice. 

The Geostationary orbit 

Introduction 

A satellite in a geostationary orbit appears to be stationary with respect to the earth, hence the 
name geostationary. Three conditions are required for an orbit to be geostationary: 

1. The satellite must travel eastward at the same rotational speed as the earth: If the satellite is 
to appear stationary, it must rotate at the same speed as the earth, which is constant. 

2. The orbit must be circular: Constant speed means that equal areas must be swept out in 
equal times, and this can only occur with a circular orbit 

3. The inclination of the orbit must be zero: The inclination must be zero, follows from the fact 
that any inclination would have the satellite moving north and south and hence it would not be 
geostationary. Movement north and south can be avoided only with zero inclination, which 
means that the orbit lies in the earth’s equatorial plane. 

Kepler’s third law may be used to find the radius of the orbit (for a circular orbit, the semi-
major axis is equal to the radius). Denoting the radius by a GSO, 

 

The period P for the geostationary is 23 h, 56 min, 4 s mean solar time (ordinary clock time). 
This is the time taken for the earth to complete one revolution about its N–S axis, measured 
relative to the fixed stars. Substituting this value along with the value for µ given 

 

The equatorial radius of the earth, to the nearest kilometer, is 

 

And hence the geostationary height is 

 

                                                                               

                                                                                 

This value is often rounded up to 36,000 km for approximate calculations. An important point 
to grasp is that there is only one geostationary orbit because there is only one value of ‘a’ that 
satisfies equation for a periodic time of 23 h, 56 min, 4 s. 
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Antenna Look Angles 

The look angles for the ground station antenna are the azimuth and elevation angles required 
at the antenna so that it points directly at the satellite. The look angles were determined in the 
general case of an elliptical orbit, and there the angles had to change in order to track the 
satellite. With the geostationary orbit, the situation is much simpler because the satellite is 
stationary with respect to the earth. 

Although in general no tracking should be necessary, with the large earth stations used for 
commercial communications, the antenna beam width is very narrow, and a tracking 
mechanism is required to compensate for the movement of the satellite about the nominal 
geostationary position. 

The three pieces of information that are needed to determine the look angles for the 
geostationary orbit are 

1. The earth-station latitude, denoted here by . 

2. The earth-station longitude, denoted here by . 

3. The longitude of the sub satellite point, denoted here by φss (often this is just referred to as 
the satellite longitude). Latitudes north will be taken as positive angles, and latitudes south, as 
negative angles. Longitudes east of the Greenwich meridian will be taken as positive angles, 
and longitudes west, as negative angles. For example, if latitude of 400S is specified, this will be 
taken as -400, and if a longitude of 350 W is specified, this will be taken as -350. 

 

Figure 2.1 The geometry used in determining the look angles for a geostationary satellite. 

There are six angles in all defining the spherical triangle. The three angles A, B, and C are the 
angles between the planes. Angle A is the angle between the plane containing c and the plane 
containing b. Angle B is the angle between the plane containing c and the plane containing a 

 

It will be shown shortly that the maximum value of B is 81.30. Angle C is the angle between the 
plane containing b and the plane containing a. 

To summarize to this point, the information known about the spherical triangle is 
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Polar mount antenna 

Where the home antenna has to be steerable, expense usually precludes the use of separate 
azimuth and elevation actuators. Instead, a single actuator is used which moves the antenna in 
a circular arc. This is known as a polar mount antenna. The antenna pointing can only be 
accurate for one satellite, and some pointing error must be accepted for satellites on either side 
of this. With the polar mount antenna, the dish is mounted on an axis termed the polar axis 
such that the antenna bore sight is normal to this axis. The angle between the polar mount and 
the local horizontal plane is set equal to the earth-station latitude λE; simple geometry shows 
that this makes the bore sight lie parallel to the equatorial plane. Next, the dish is tilted at an 
angle δ relative to the polar mount until the bore sight is pointing at a satellite position due 
south of the earth station. 

The required angle of tilt is found as follows: 

 

Where El0 is the angle of elevation required for the satellite position due south of the earth 
station. 

But for the due south situation, angle B in is equal to zero; hence,  . Hence, from E 

 

The required angle of tilt as, 
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     Figure 2.2-The polar mount antenna  (a)                                                                           (b)                                                                                             

Limits of Visibility 

There will be east and west limits on the geostationary arc visible from any given earth station. 
The limits will be set by the geographic coordinates of the earth station and the antenna 
elevation. The lowest elevation in theory is zero, when the antenna is pointing along the 
horizontal. A quick estimate of the longitudinal limits can be made by considering an earth 
station at the equator, with the antenna pointing either west or east along the horizontal 

 

 

 

 

 

 

 

Figure 2.3-Limits of visibility 

The limiting angle is given by 

 

                    

                 

 

Near Geostationary Orbits 

There are a number of perturbing forces that cause an orbit to depart from the ideal keplerian 
orbit. For the geostationary case, the most important of these are the gravitational fields of the 
moon and the sun, and the non spherical shape of the earth. Other significant forces are solar 
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radiation pressure and reaction of the satellite itself to motor movement within the satellite. As 
a result, station-keeping maneuvers must be carried out to maintain the satellite within set 
limits of its nominal geostationary position.       

An exact geostationary orbit therefore is not attainable in practice, and the orbital parameters 
vary with time. The two-line orbital elements are published at regular intervals. The period for a 
geostationary satellite is 23 h, 56 min, 4 s, or 86,164 s. The reciprocal of this is 1.00273896 
rev/day, which is about the value tabulated for most of the satellites. Thus these satellites are 
geosynchronous, in that they rotate in synchronism with the rotation of the earth. However, 
they are not geostationary. The term geosynchronous satellite is used in many cases instead of 
geostationary to describe these near-geostationary satellites. It should be noted, however, that 
in general a geosynchronous satellite does not have to be near-geostationary, and there are a 
number of geosynchronous satellites that are in highly elliptical orbits with comparatively large 
inclinations. 

Earth Eclipse of Satellite 

If the earth’s equatorial plane coincided with the plane of the earth’s orbit around the sun (the 
ecliptic plane), geostationary satellites would be eclipsed by the earth once each day. As it is, 
the equatorial plane is tilted at an angle of 23.4° to the ecliptic plane, and this keeps the 
satellite in full view of the sun for most days of the year. Around the spring and autumnal 
equinoxes, when the sun is crossing the equator, the satellite does pass into the earth’s shadow 
at certain periods, these being periods of eclipse. The spring equinox is the first day of spring, 
and the autumnal equinox is the first day of autumn. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure-2.4 Satellite eclipse and satellite sun transit around spring and autumn equinoxes. 
Eclipses begin 23 days before equinox and end 23 days after equinox. The eclipse lasts about 10 
min at the beginning and end of the eclipse period and increases to a maximum duration of 
about 72 min at full eclipse. During an eclipse, the solar cells do not function, and operating 
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power must be supplied from batteries. Where the satellite longitude is east of the earth 
station, the satellite enters eclipse during daylight (and early evening) hours for the earth 
station. This can be undesirable if the satellite has to operate on reduced battery power. Where 
the satellite longitude is west of the earth station, eclipse does not occur until the earth station 
is in darkness, (or early morning) when usage is likely to be low. Thus satellite longitudes which 
are west, rather than east, of the earth station are more desirable. 

Sun Transit Outage 

During the equinoxes is the transit of the satellite between earth and sun such that the sun 
comes within the beam width of the earth-station antenna. When this happens, the sun 
appears as an extremely noisy source which completely blanks out the signal from the satellite. 
This effect is termed sun transit outage, and it lasts for short periods- each day for about 6 days 
around the equinoxes. The occurrence and duration of the sun transit outage depends on the 
latitude of the earth station, a maximum outage time of 10 min being typical. 

Launching orbit 

 

 

 

 

 

 

 

 

 

Figure 2.5 Hohmann transfer orbit. 

Method first 

Satellites may be directly injected into low-altitude orbits, up to about 200 km altitude, from a 
launch vehicle. Launch vehicles may be classified as expendable or reusable. Typical of the 
expendable launchers are the U.S. Atlas-Centaur and Delta rockets and the European Space 
Agency Ariane rocket. 

Method second 

Where an orbital altitude greater than about 200 km is required, it is not economical in terms 
of launch vehicle power to perform direct injection, and the satellite must be placed into 
transfer orbit between the initial LEO and the final high-altitude orbit. In most cases, the 
transfer orbit is selected to minimize the energy required for transfer, and such an orbit is 
known as a Hohmann transfer orbit. The time required for transfer is longer for this orbit than 
all other possible transfer orbits. 

Method third: 
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Assume for the moment that all orbits are in the same plane and that transfer is required 
between two circular orbits. The Hohmann elliptical orbit is seen to be tangent to the low 
altitude orbit at perigee and to the high-altitude orbit at apogee. At the perigee, in the case of 
rocket launch, the rocket injects the satellite with the required thrust into the transfer orbit. 
With the STS, the satellite must carry a perigee kick motor which imparts the required thrust at 
perigee. 

Polarization 

In the far field zone of a transmitting antenna, the radiated wave takes on the characteristics of 
a transverse electromagnetic (TEM) wave. When one looks along the direction of propagation, 
the rotation from E to H is in the direction of rotation of a right-hand-threaded screw, and the 
vectors are said to form a right-hand set. The wave always retains the directional properties of 
the right-hand set, even when reflected. At great distances from the transmitting antenna, such 
as are normally encountered in radio systems, the TEM wave can be considered to be plane. 
This means that the E and H vectors lie in a plane, which is at right angles to the vector k. The 
vector k is said to be normal to the plane. The magnitudes are related by , 

where 120 pΩ. The direction of the line traced out by the tip of the electric field vector 

determines the polarization of the wave. Keep in mind that the electric and magnetic fields are 
varying as functions of time. The magnetic field varies exactly in phase with the electric field, 
and its amplitude is proportional to the electric field amplitude, so it is only necessary to 
consider the electric field in this discussion. The tip of the E vector may trace out a straight line, 
in which case the polarization is referred to as linear. 

Most transmissions utilized linear polarization and were along terrestrial paths. Thus vertical 
polarization meant that the electric field was perpendicular to the earth’s surface, and 
horizontal polarization meant that it was parallel to the earth’s surface. 

Suppose for the moment that horizontal and vertical are taken as the x and y axes of a right-
hand set. A vertically polarized electric field can be described as 

 

Where ay the unit vector in the vertical direction and  is the peak value or amplitude of the 

electric field. Likewise, a horizontally polarized wave could be described by 

 

Consider now the situation where the two fields are equal in amplitude (Denoted by E), but one 
leads the other by   in phase. The equations describing these are 
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Figure 2.6-Horizontal and vertical components of linear polarization. 

The tip of the resultant electric field vector traces out a circle, and the resultant wave is said to 
be circularly polarized. The amplitude of the resultant vector is E. The resultant field in this case 
does not go through zero. At ωt 0, the y component is zero and the x component is E. At ωt 

90°, the y component is E and the x component is zero. Compare this with the line ar 

polarized case where at ωt  0, both the x and y components are zero, and at ωt 90°, both 

components are maximum at E. Because the resultant does not vary in time, the power must be 
found by adding the powers in the two linear polarized, sinusoidal waves. This gives a resultant 
proportional to .The direction of circular polarization is defined by the sense of rotation of 

the electric vector, but this also requires that the way the vector is viewed must be specified. 
The Institute of Electrical and Electronics Engineers (IEEE) defines right-hand circular (RHC) 
polarization as a rotation in the clockwise direction when the wave is viewed along the 
direction of propagation, that is, when viewed from “behind, “Left-hand circular (LHC) 
polarization is when the rotation propagation. 

 

 

 

 

 

 

 

 

 

Figure 2.7-Circular polarization. 

In the more general case, a wave may be elliptically polarized. This occurs when the two linear 
components are 
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The axial ratio of an elliptical polarized wave is the ratio of major axis to minor axis of the ellipse. 
Orthogonal elliptical polarization occurs when a wave has the same value of axial ratio but opposite 
sense of rotation. Satellite communications links use linear polarization and circular polarization, but 
transmission impairments can change the polarization to elliptical in each case. 

 

 

 

 

 

 

 

Figure 2.8-Elliptical polarization 

 

Antenna Polarization 

The polarization of a transmitting antenna is defined by the polarization of the wave it 
transmits. Thus a horizontal dipole would produce a horizontally polarized wave. Two dipoles 
mounted close together symmetrically and at right angles to each other would produce a 
circularly polarized wave if fed with currents equal in amplitude but differing in phase by 

.The polarization of a receiving antenna has to be aligned to that of the wave for maximum 

power transfer. 

 

 

 

 

 

 

Figure 2.9 -Direction of wave propagation 

In Fig. a, the dipole is parallel to the electric field E, and hence the induced voltage V will be a 
maximum, denoted by . In Fig. b the dipole is at right angles to the electric field, and the 

induced voltage is zero.  
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Polarization of Satellite Signals 

The directions “horizontal” and “vertical” are easily visualized with reference to the earth. 
Consider, however, the situation where a geostationary satellite is transmitting a linear 
polarized wave. In this situation, the usual definition of horizontal polarization is where the 
electric field vector is parallel to the equatorial plane, and vertical polarization is where the 
electric field vector is parallel to the earth’s polar axis at the sub satellite point on the equator, 
both polarizations will result in electric fields that are parallel to the local horizontal plane, and 
care must be taken therefore not to use “horizontal” as defined for terrestrial systems. 

With the propagation direction denoted by k and the local gravity direction at the ground 
station by r, the direction of the normal to the reference plane is given by the vector cross-
product: 

k  

 

 

 

 

 

 

 

Figure 2.10- The reference plane for the direction of propagation and the local gravity direction. 
 

With the unit polarization vector at the earth station denoted by p, the angle between it and f is 
obtained from the vector dot product as 

 

Since the angle between a normal and its plane is 90°, the angle between P and the reference 
plane is  

 

 

A cross-product vector can be formed 

k  

Where g is normal to the plane containing e and k, the cross-product of g with k gives the 
direction of the polarization in this plane. Denoting this cross-product by h gives 

g  

Local horizontal plane 

k 
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The unit polarization vector at the earth station is therefore given by 

 

With the longitude of the satellite as the reference, the satellite is positioned along the positive 
x axis at 

 

The coordinates for the earth-station position vector R are (ignoring the slight difference 
between geodetic and geocentric latitudes and assuming the earth station to be at mean sea 
level) 

 

 

 

The local gravity direction is r . The coordinates for the direction of propagation k are 

 

 

 

Cross-Polarization Discrimination 

The propagation path between a satellite and earth station passes through the ionosphere, and 
possibly through layers of ice crystals in the upper atmosphere and rain, all of which are 
capable of altering the polarization of the wave being transmitted. An orthogonal component 
may be generated from the transmitted polarization, an effect referred to as depolarization. 
This can cause interference where orthogonal polarization is used to provide isolation between 
signals, as in the case of frequency reuse. Two measures are in use to quantify the effects of 
polarization interference. The most widely used measure is called cross-polarization 
discrimination (XPD). At the receiving antenna the electric field may have two components, a 
co-polar component, having magnitude , and a cross-polar component, having 

magnitude .The cross-polarization discrimination in decibels is defined as 

 

Ionospheric Depolarization 

The ionosphere is the upper region of the earth’s atmosphere that has been ionized, mainly by 
solar radiation. The free electrons in the ionosphere are not uniformly distributed but form 
layers. Furthermore, clouds of electrons (known as traveling ionospheric disturbances) may 
travel through the ionosphere and give rise to fluctuations in the signal. One of the effects of 
the ionosphere is to produce a rotation of the polarization of a signal, an effect known as 
Faraday rotation. 
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Suppose a linearly polarized wave produces an electric field E at the receiver antenna when no 
Faraday rotation is present. The received power is proportional to .A Faraday rotation of qF 

degrees will result in the co-polarized component (the desired component) of the received 
signal being reduced to 

 = E cos qF, the received power in this case being proportional to . The polarization loss 

(PL) in decibels is 

             

At the same time, a cross-polar component    is created, 

and hence the XPD is 
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