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	1. Satellite
communication
  


	2. Satellite
communication
Satellite communication
18EC732
Prof. Suryanarayana  NK Assistant Professor, Dept of ECE , SVIT
 


	3. Course Learning Objectives:
This  course will enable students to
• Understand the basic principle of satellite orbits and trajectories.
• Study of electronic systems associated with a satellite and the earth station.
• Understand the various technologies associated with the satellite communication.
• Focus on a communication satellite and the national satellite system.
• Study of satellite applications focusing various domains services such as remote sensing, weather
forecasting and navigation.
Prof. Suryanarayana NK Assistant Professor, Dept of ECE , SVIT
 


	4. Module 1: Satellite  Orbits and Trajectories:
Prof. Suryanarayana NK Assistant Professor, Dept of ECE , SVIT
1. Definition
2. Basic Principles,
3. Orbital parameters
4. Injection velocity and satellite trajectory
5. Types of Satellite orbits
6. Orbital perturbations
7. Orbital effects on satellite’s performance
8. Eclipses
9. Satellite stabilization
10. Look angles: Azimuth angle, Elevation angle
 


	5. Satellite communication block  diagram
Prof. Suryanarayana NK Assistant Professor, Dept of ECE , SVIT
A satellite in general is any natural or artificial body moving around a celestial body such as planets and stars
 


	6. Definitions
Definition of an  Orbit and a Trajectory
A trajectory is a path traced by a moving body,
an orbit is a trajectory that is periodically repeated.
While the path followed by the motion of an artificial
satellite around Earth is an orbit,
The path followed by a launch vehicle is a trajectory
called the launch trajectory.
 


	7. Orbiting Satellites –  Basic Principles
The motion of natural and artificial satellites
around Earth is governed by two forces.
One of them is the centripetal force directed
towards the centre of the Earth due to the
gravitational force of attraction of Earth
Other is the centrifugal force that acts outwards
from the centre of the Earth
m
R
M
 


	8. Expression for velocity  ‘v’ and Orbital period ‘T’
According to Newton’s second law of motion, the force equals
the product of mass and acceleration
In the case of a satellite orbiting Earth,
if the orbiting velocity is v, then the acceleration, called
centripetal acceleration, experienced by the satellite at a
distance r from the centre of the Earth would be
Fin =
where
 


	9. Expression for velocity  ‘v’ and Orbital period ‘T’
Fout =
If the mass of satellite is m, it would experience a reaction force
of
then equating the two forces mentioned above would lead to an
expression for the orbital velocity v
Fin = Fout
=
m1
m2
r
 


	10. Expression for velocity  ‘v’ and Orbital period ‘T’
km/sec
m2
m1
r
 


	11. Expression for velocity  ‘v’ and Orbital period ‘T’
In case of circular orbit, distance travelled in one revolution
around earth is
distance= 2 𝜋 𝑟
Time taken to complete one revolution is given by
2 𝜋 𝑟
T = seconds
seconds
 


	12. Effect of ht  on velocity ‘v’ and Orbital period ‘T’
Mean radius of earth = re = 6370 km
 


	13. LEO
MEO
GEO
  


	14. Kepler’s laws of  planetary motion
Kepler’s first law states that the path followed by a satellite around the primary will be an ellipse
For an elliptical orbit, 0 <e <1.
 


	15. Kepler’s laws of  planetary motion
Kepler’s second law states that, for equal time intervals, a satellite will sweep out equal areas in its
orbital plane, focused at the barycenter
 


	16. Kepler’s laws of  planetary motion
m2
m1
r
Kepler’s third law states that the square of the periodic time
of orbit is proportional to the cube of the mean distance
between the two bodies.
 


	17. Orbital parameters
Apogee.
Perigee.
Line of  apsides
Ascending node.
Descending node
Line of nodes
Inclination
Prograde orbit
Retrograde orbit
Argument of perigee
Right ascension of the ascending node
Mean anomaly
True anomaly
Eccentric anomaly
Equinoxes
 


	18. Orbital parameters
Perigee is  the point on
the orbit that is nearest
to the centre of the Earth
Apogee is the point on the
satellite orbit that is at the
farthest distance from the
centre of the Earth
Line of apsides
 


	19. Orbital parameters where  the satellite passes from the
northern hemisphere to the southern
hemisphere
Where the satellite passes
from the southern
hemisphere to the northern
hemisphere
Line of nodes. The line joining the
ascending and descending nodes through
the center of the earth
 


	20. Orbital parameters
Inclination. The  angle between the orbital plane and the earth’s equatorial plane. It is measured at the
ascending node from the equator to the orbit, going from east to north
Prograde orbit. An orbit in which
the satellite moves in the same
direction as the earth’s rotation
Retrograde orbit. An orbit in which
the satellite moves in a direction
counter to the earth’s rotation,
 


	21. Orbital parameters
Argument of  perigee. The angle from ascending node to perigee, measured in the orbital
plane at the earth’s center, in the direction of satellite motion.
 


	22. Right ascension of  the ascending node
Orbital parameters
It is expressed as an angle
measured from the vernal
equinox towards the line of
nodes in the direction of rotation
of Earth
The right ascension of the
ascending node is then the angle
measured eastward, in the
equatorial plane, from the line to
the ascending node
 


	23. Mean Anomaly: The  angle measured
since perigee that would be swept out by
the satellite if its orbit were perfectly
circular.
Orbital parameters
True Anomaly: The true angle, measured
since perigee, that the satellite sweeps
out while orbiting the Earth.
Eccentric Anomaly: The angle, measured
since perigee, based on the hypothetical
position on the circular orbit defined by a
line perpendicular to the major axis that
passes through the true position of the
satellite and intersects with the circular
orbit.
 


	24. The inclination of  the equatorial plane of Earth with respect to the direction of the sun, defined by the
angle formed by the line joining the centre of the Earth and the sun with the Earth’s equatorial plane
follows a sinusoidal variation and completes one cycle of sinusoidal variation over a period of 365 days
Equinoxes.
This expression indicates that the inclination angle is zero for t = T/2 and T .
This is observed to occur on 20-21 March, called the spring equinox, and 22-23 September, called the
autumn equinox
 


	25. Orbital Elements /  Keplerian element set
Semimajor axis a
Eccentricity e
Mean anomaly M
Argument of perigee w
Inclination I
Right ascension of the ascending node
 


	26. Types of Satellite  orbits
satellite orbits can be classified on the basis of:
1. Orientation of the orbital plane 2 . Eccentricity 3. Distance from Earth
Orientation of the Orbital Plane
Equatorial orbit
Polar orbit
Prograde orbit
retrograde orbit
 


	27. Types of Satellite  orbits
Eccentricity
Molniya orbit
Elliptical orbit circular orbit
 


	28. Distance from Earth
Types  of Satellite orbits
 


	29. Apogee (ha )  Perigee (hp ) Heights and Eccentricity (e)
length of the
radius vectors
at perigee
length of the
radius vectors
at apogee
The corresponding heights are
Assume a mean earth radius of 6371 km.
 


	30. Injection velocity and  satellite trajectory
The horizontal velocity with which a satellite is injected into
space by the launch vehicle with the intention of imparting a
specific trajectory to the satellite
 


	31. Injection velocity and  satellite trajectory
The phenomenon is best explained in terms of the three
cosmic velocities
The first cosmic velocity V1
Second cosmic velocity V2
Third cosmic velocity V3
 


	32. Injection velocity and  satellite trajectory
The general expression for the velocity of a satellite at the
perigee point (VP), assuming an elliptical orbit, is given by
 


	33. Injection velocity and  satellite trajectory
The first cosmic velocity V1 is the one at which apogee
and perigee distances are equal, i.e. R = r, and the orbit
is circular
The above expression then reduces to
Thus, irrespective of the distance r of the satellite from
the centre of the Earth, if the injection velocity is equal to
the first cosmic velocity, also sometimes called the first
orbital velocity, the satellite follows a circular orbit
 


	34. Injection velocity and  satellite trajectory
If the injection velocity happens to be less
than the first cosmic velocity, the satellite
follows a ballistic trajectory and falls back to
Earth
In fact, in this case, the orbit is elliptical and
the injection point is at the apogee and not the
perigee
 


	35. Injection velocity and  satellite trajectory
For injection velocity greater than the first cosmic velocity and
less than the second cosmic velocity, i.e.
(At this point apogee is very high , so second term can be neglected)
the orbit is elliptical and eccentric
 


	36. Injection velocity and  satellite trajectory
The injection point in this case is the perigee
and the apogee distance attained in the
resultant elliptical orbit depends upon the
injection velocity.
the velocity v at any other point
When the injection velocity equals
the apogee distance R becomes infinite and the
orbit takes the shape of a parabola and the orbit
eccentricity is 1
This is the second cosmic velocity V2. At this
velocity, the satellite escapes Earth’s
gravitational pull.
 


	37. Injection velocity and  satellite trajectory
If the injection velocity is increased further, a stage is reached
where the satellite succeeds in escaping from the solar system
This is known as the third cosmic velocity and is related to
the motion of planet Earth around the sun
The third cosmic velocity (V3) is mathematically expressed as
Beyond the third cosmic velocity, there is a region of hyperbolic
flights outside the solar system
circular and escape
 


	38. This is evident  from the generalized expression
for the velocity of the satellite in elliptical orbits
according to which
Injection velocity and satellite trajectory
For a given perigee distance r, a higher
velocity at the perigee point, which is also the
injection velocity, necessitates that the apogee
distance R is greater
 


	39. Injection velocity and  satellite trajectory
If the orbital speed is exactly the circular speed at P (VC),
the orbit will be a Circle passing through P,
If the orbital speed is slower than VC at P, the orbit will be
an Ellipse smaller than the circle that passes through P
If the orbital speed is faster than VC at P, but less than the
escape speed at P (VE), then the orbit will be an Ellipse
larger than the circular orbit that passes through P
If the orbital speed is exactly the escape speed at P (VE), the
orbit will be an open Parabola
If the orbital speed is greater than the escape speed from P, the
orbit will be a Hyperbola
 



	41. Problems on Kepler’s  third law
A satellite is orbiting Earth in a uniform circular orbit at a height of 630 km from the surface
of Earth. Determine the velocity of the satellite (Assuming the radius of Earth to be 6370 km)
Problem
 


	42. The apogee and  perigee distances of a satellite orbiting in an elliptical orbit are respectively
45 000 km and 7000 km. Determine the following:
1. Semi-major axis of the elliptical orbit
2. Orbit eccentricity
3. Distance between the centre of the Earth and the centre of the elliptical orbit
Problem
 


	43. A satellite is  moving in an elliptical orbit with the major axis equal to 42 000 km. If the
perigee distance is 8000 km, find the apogee and the orbit eccentricity.
Problem
 


	44. Determine the apogee  and perigee distances if the orbit eccentricity is 0.6.
Problem
 


	45. The elliptical eccentric  orbit of a satellite has its semi-major and semi-minor axes as
25 000 km and 18 330 km respectively. Determine the apogee and perigee distances.
Problem
 


	46. Satellite A is  orbiting Earth in a near-Earth circular orbit of radius 7000 km. Satellite B is orbiting Earth in
an elliptical orbit with apogee and perigee distances of 47 000 km and 7000 km respectively. Determine
the velocities of the two satellites at point X. (Take = 3.98604 × 1013 m3/s2.)
Problem
 


	47. Problem
Satellite A is  orbiting Earth in an equatorial circular orbit of radius 42 000 km. Satellite B is orbiting
Earth in an elliptical orbit with apogee and perigee distances of 42 000 km and 7000 km respectively.
Determine the velocities of the two satellites at point X
 


	48. Orbital perturbations
The Keplerian  orbit described so far is ideal in the sense that it assumes that the earth is a uniform
spherical mass and that the only force acting is the centrifugal force resulting from satellite motion
balancing the gravitational pull of the earth
In practice, other forces which can be significant are the
gravitational forces of the sun and the moon and atmospheric drag.
The gravitational pulls of sun and moon have negligible effect on low-orbiting satellites, but they do
affect satellites in the geostationary orbit
Atmospheric drag, on the other hand, has negligible effect on geostationary satellites but does affect
low orbiting earth satellites below about 1000 km.
Due to these factors, the satellite orbit tends to drift and its orientation also changes and hence the true
orbit of the satellite is different from that defined using Kepler’s laws.
 


	49. Orbital perturbations
As the  perturbed orbit is not an ellipse anymore, the satellite does not return to the same point in
space after one revolution
The time elapsed between the successive perigee passages is referred to as anomalistic period.
The anomalistic period tA is given by equation
where
ω0 is the angular velocity for spherical Earth, K = 66 063.1704km2, a is the semi-major axis,e is the eccentricity
Effects of a nonspherical earth
ω0
 


	50. The oblateness of  the earth also produces two rotations of the orbital plane.
The first of these, known as regression of the nodes, is where the nodes appear to slide
along the equator
The second effect is rotation of apsides in the orbital plane
it is known that the earth is not perfectly spherical, there being an equatorial bulge and a flattening
at the poles, a shape described as an oblate spheroid
regression of the nodes :The line of nodes, which is in the equatorial plane, rotates about the center
of the earth. Thus , the right ascension of the ascending node, shifts its position
If the orbit is prograde , the nodes slide westward, and if retrograde, they slide eastward
As seen from the ascending node, a satellite in prograde orbit moves eastward, and in a retrograde
orbit, westward. The nodes therefore move in a direction opposite to the direction of satellite motion,
hence the term regression of the nodes
 


	51. rotation of apsides  in the orbital plane
The rate of regression of the nodes
Denoting the epoch time by t0,
the right ascension of the ascending
node by 0, and the argument of
perigee by w0 at epoch
gives the new values for and w at time t as
 


	52. Orbital Effects on  Satellite’s Performance
The motion of the satellite has significant effects on its performance. These include
• Doppler shift
• Effect due to variation in the orbital distance,
• Effect of solar eclipse
• sun’s transit outrage
The Doppler shift is observed when a source of waves is moving in relation to an observer or vice versa.
This movement produces a change in frequency in relation to observer.
The geostationary satellites appear stationary
with respect to an Earth station terminal
satellites orbiting in low Earth orbits, the
satellite is in relative motion with respect to the
terminal.
If the frequency transmitted by the satellite
is fT, then the received frequency fR is given by
equation
 


	53. Variation in the  Orbital Distance
Variation in the orbital distance results in variation in the range between the satellite and the Earth
station terminal.
If a Time Division Multiple Access (TDMA) scheme is employed by the satellite, the timing of the
frames within the TDMA bursts should be worked out carefully so that the user terminals receive the
correct data at the correct time.
Range variations are more predominant in low and medium Earth orbiting satellites as compared to the
geostationary satellites.
 


	54. Solar Eclipse
There are  times when the satellites do not receive solar radiation due to obstruction from a celestial body.
During these periods the satellites operate using onboard batteries. The design of the battery is such so as to
provide continuous power during the period of the eclipse.
Ground control stations perform battery conditioning routines prior to the occurrence of an eclipse to ensure best
performance during the eclipse.
These include discharging the batteries close to their maximum depth of discharge and then fully recharging them
just before the eclipse occurs.
Also, the rapidity with which the satellite enters and exits the shadow of the celestial body creates sudden
temperature stress situations. The satellite is designed in such a manner so as to cope with these thermal stresses.
 


	55. Earth Eclipse of  Satellite
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
 


	56. With reference to  satellites, a eclipse is said
to occur when the sunlight fails to reach the
satellite’s solar panel due to an obstruction
from a celestial body.
The major and most frequent source of an
eclipse is due to the satellite coming in the
shadow of the Earth .
This is known as a solar eclipse.
The eclipse is total; i.e. the satellite fails to
receive any light whatsoever if it passes
through the umbra, which is the dark central
region of the shadow, and receives very little
light if it passes through the penumbra, which
is the less dark region surrounding the umbra
 


	57. The eclipse is  seen on 42 nights during the spring
and an equal number of nights during the autumn
by the geostationary satellite. The effect is the
worst during the equinoxes and lasts for about 72
minutes.
The equinox, is the point in time when the sun
crosses the equator, making the day and night
equal in length
The spring and autumn equinoxes respectively
occur on 20–21 March and 22–23 September
During the equinoxes in March and September,
the satellite, the Earth and the sun are aligned at
midnight local time and the satellite spends
about 72 minutes in total darkness
Solstices. Solstices are the times when the inclination angle is at its maximum, i.e. 23.4◦. These also occur twice
during a year on 20-21 June, called the summer solstice, and 21-22 December, called the winter solstice
 


	58. From 21 days  before and 21 days after the equinoxes, the
satellite crosses the umbral cone each day for some time,
thereby receiving only a part of solar light for that time.
During the rest of the year, the geostationary satellite
orbit passes either above or below the umbral cone.
Hence, the duration of an eclipse increases from zero to
about 72 minutes starting 21 days before the equinox
and then decreases from 72 minutes to zero during 21
days following the equinox.
 


	59. Another type of  eclipse known as the lunar eclipse occurs when
the moon’s shadow passes across the satellite . This is much less
common and occurs once in 29 years
lunar eclipse
 


	60. Sun Transit Outrage
There  are times when the satellite passes directly between the
sun and the Earth
The Earth station antenna will receive signals from the satellite
as well as the microwave radiation emitted by the sun (the sun is
a source of radiation with an equivalent temperature varying
between 6000K to 11000K).
This might cause temporary outrage if the magnitude of the
solar radiation exceeds the fade margin of the receiver.
The traffic of the satellite may be shifted to other satellites
during such periods.
 


	61. Satellite stabilization
Commonly employed  techniques for satellite attitude control include:
1. Spin stabilization
2. Three-axis or body stabilization
 


	62. the entire spacecraft  rotates around its own vertical
axis, spinning like a top.
This keeps the spacecraft's orientation in space under
control.
The advantage of spin stabilization is that it is a very
simple way to keep the spacecraft pointed in a
certain direction.
In a spin-stabilized satellite, the satellite body is spun
at a rate between 30 and 100 rpm about an axis
perpendicular to the orbital plane
There are two types of spinning configurations
employed in spin-stabilized satellites.
These include the
simple spinner configuration
the dual spinner configuration.
In the simple spinner
configuration, the satellite
payload and other
subsystems are placed in
the spinning section, while
the antenna and the feed
are placed in the de-spun
platform.
In the dual spinner
configuration, the entire
payload along with the
antenna and the feed is
placed on the de-spun
platform and the other
subsystems are located
on the spinning body.
Intelsat-1 to
Intelsat-4,
Intelsat-6 and
TIROS-1
spin stabilization
 


	63. Three-axis or Body  Stabilization
In the case of three-axis stabilization, also known as
body stabilization, the stabilization is achieved by
controlling the movement of the satellite along the three
axes, .e. yaw, pitch and roll
The system uses reaction wheels or momentum wheels to
Correct orbit perturbation.
Intelsat-5, Intelsat-7, Intelsat-8,
GOES-8, GOES-9, TIROS-N and
the INSAT series
 


	64. Comparison between Spin-stabilized  and Three-axis Stabilized Satellites
Spin stabilized 3 axis stabilization
Spin-stabilized satellites are simpler in
design and less expensive and less power
generation
three-axis stabilized satellites have more
power generation capability and more
additional mounting area available for
complex antennae structures
able to provide power when the satellite
is in the transfer orbit
Three-axis stabilized satellites have the
disadvantage that the extendible solar
array used in these satellites are unable
to provide power when the satellite is in
the transfer orbit
At a time few solar cells face sun All cells face sun
 


	65. Look Angles of  a Satellite
The look angles of a satellite refer to the coordinates
to which an Earth station must be pointed in order to
communicate with the satellite and are expressed in
terms of azimuth and elevation angles
The elevation angle is measured upward from the
local horizontal at the earth station and
the azimuth angle is measured from true north in an
eastward direction to the projection of the satellite
path
 


	66. Earth station in  the northern hemisphere
when the Earth station is to
the west of the satellite
The sub-satellite point is the location on the
surface of the Earth that lies directly between the
satellite and the centre of the Earth.
when the Earth station is to
the east of the satellite
Earth station in the southern hemisphere
when the Earth station is to
the west of the satellite
when the Earth station is to
the east of the satellite
Azimuth Angle
 


	67. Elevation Angle
  


	68. Computing the Slant  Range
Slant range of a satellite is defined as the range or the
distance of the satellite from the Earth station
The slant range can be computed from
 


	69. Computing the Line-of-Sight  Distance between Two Satellites
The line-of-sight distance AB in this case is given by
 


	70. The maximum line-of-sight  distance between these
two satellites occurs when the satellites are placed so
that the line joining the two becomes tangent to the
Earth’s surface
 


	71. Determine the maximum  possible line-of-sight distance between two geostationary satellites
orbiting the Earth at a height of 36 000 km above the surface of the Earth.
Problem
 


	72. A satellite in  the Intelsat-VI series is located at 37° and another belonging to the Intelsat-VII
series is located at 74° E. determine the inter-satellite distance.
Problem
 


	73. Problem
An Earth station  is located at 30 ° W longitude and 60° N latitude. Determine the Earth station’s
azimuth and elevation angles with respect to a geostationary satellite located at 50° W longitude.
 


	74. A geostationary satellite  is located at 90°W. Calculate the azimuth angle for an earth-station
antenna at latitude 35°N and longitude 100°W.
 


	75. Consider two Earth  stations, X and Y, with longitudes at 60°W and 90°W respectively and latitudes at
30°N and 45° N respectively. They are communicating with each other via a geostationary satellite
located at 105°W. Find the total delay in sending 500 kbps of information if the transmission speed is
10 Mbps.
Problem
 


	76. Two geostationary satellites,  A and B, moving in an orbit of 42164 km radius are stationed at 85°W and 25° W
longitudes . The two satellites have slant ranges of 38 000 km and 36 000 km from a common Earth station.
Determine the angular separation of the two satellites as viewed by the Earth station. Also find the intersatellite
separation in orbit.
Problem
 


	77. 1. An earth  station is located at latitude 35°N and longitude 100°W. Calculate the antenna-look
angles for a satellite at 67°W.
Problem : Assignment
2.An earth station is located at latitude 12°S and longitude 52°W. Calculate the antenna-look
angles for a satellite at 70°W.
3. An earth station is located at latitude 35N and longitude 65E. Calculate the antenna-look
angles for a satellite at 19E.
4. An earth station is located at latitude 30S and longitude 130E. Calculate the antenna-look
angles for a satellite at 156E.
 


	78. Satellite Altitude and  the Earth Coverage Area
 


	79. Satellite launch sequence
  


	80. Module 1 :Question  Bank
Q no Question Marks
1 Define the following terms
a) satellite b) orbit c) trajectory
2 Explain the orbital mechanics related to satellites
3 Illustrate with some example effect of orbital height with respect to orbital velocity and
orbital period of a satellite.
4 Explain the basic principle of satellite communication with neat diagram.
5 Explain the basic principle of satellite communication with neat diagram.
6 State and explain Kepler's laws of planetary motion with neat diagrams and necessary
equations.
7 With neat sketches, define the following terms related to satellites.
a) apogee, perigee and line of apsides
b) Ascending node, descending node and line of nodes
c) Inclination , prograde and retrograde orbit
 


	81. Module 1 :Question  Bank
Q no Question Marks
8 With neat sketches, define the following terms related to satellites.
a) Argument of perigee and Right ascension of ascending nodes
b) True anomaly, Mean anomaly and Eccentric anomaly
9 Give the Classification of satellites
10 Discuss the effect of injection velocity on satellite trajectory with expressions and
neat sketches.
11 Discuss orbital perturbations in satellites.
12 With neat sketches, explain Earth Eclipse of Satellite
13 With neat sketches, explain sun transit outage
14 With neat diagrams , discuss the stabilization in satellites.
15 Compare different stabilization used in satellites.
16 Define Look angle, elevation and Azimuth as related to satellites.
17 A satellite is orbiting Earth in a uniform circular orbit at a height of 630 km from the
surface of Earth. Determine the velocity of the satellite (Assuming the radius of
Earth to be 6370 km)
 


	82. Q no Question  Marks
18 The apogee and perigee distances of a satellite orbiting in an elliptical orbit are
respectively 45 000 km and 7000 km. Determine the following:
1. Semi-major axis of the elliptical orbit
2. Orbit eccentricity
3. Distance between the centre of the Earth and the centre of the elliptical orbit
19 A satellite is moving in an elliptical orbit with the major axis equal to 42 000 km. If
the perigee distance is 8000 km, find the apogee and the orbit eccentricity.
20 The elliptical eccentric orbit of a satellite has its semi-major and semi-minor axes as
25 000 km and 18 330 km respectively. Determine the apogee and perigee distances.
21 Satellite A is orbiting Earth in a near-Earth circular orbit of radius 7000 km. Satellite
B is orbiting Earth in an elliptical orbit with apogee and perigee distances of 47 000
km and 7000 km respectively. Determine the velocities of the two satellites at point
X. (Take = 3.98604 × 1013 m3/s2.)
22 Satellite A is orbiting Earth in an equatorial circular orbit of radius 42 000 km.
Satellite B is orbiting Earth in an elliptical orbit with apogee and perigee distances
of 42 000 km and 7000 km respectively. Determine the velocities of the two
satellites at point X
 


	83. Q no Question  Marks
23 Determine the maximum possible line-of-sight distance between two geostationary
satellites orbiting the Earth at a height of 36 000 km above the surface of the Earth.
24 A satellite in the Intelsat-VI series is located at 37° and another belonging to the
Intelsat-VII series is located at 74° E. determine the inter-satellite distance.
25 An Earth station is located at 30 ° W longitude and 60° N latitude. Determine the
Earth station’s azimuth and elevation angles with respect to a geostationary satellite
located at 50° W longitude.
26 A geostationary satellite is located at 90°W. Calculate the azimuth angle for an
earth-station antenna at latitude 35°N and longitude 100°W.
27 Consider two Earth stations, X and Y, with longitudes at 60°W and 90°W
respectively and latitudes at 30°N and 45° N respectively. They are communicating
with each other via a geostationary satellite located at 105°W. Find the total delay in
sending 500 kbps of information if the transmission speed is 10 Mbps.
28 Two geostationary satellites, A and B, moving in an orbit of 42164 km radius are
stationed at 85°W and 25° W longitudes . The two satellites have slant ranges of 38
000 km and 36 000 km from a common Earth station. Determine the angular
separation of the two satellites as viewed by the Earth station. Also find the
intersatellite separation in orbit.
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