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Unit 5     Space Technology 

 

 The Indian space programme, which had a modest beginning in the early sixties, is primarily aimed at 
promoting the development and application of space technology and space science for the socio-economic 
benefits of the nation. Space research is no longer considered as a high tech venture whose prohibitive costs 
make it an irrelevant luxury for a developing country like India. In fact, the benefits of space research have 
great relevance for the Third World countries - revolutionising communications, natural resources 
management, and study of agricultural potential, weather monitoring and disaster management. Further 
more the spin -offs from space technology and applications in field~ ranging from food storage to medicine, 
from fishing to automobiles. The Indian space programme has reached such a stage that it is geared to the 
utilisation of space technology for the socio-economic development of the country. From the very beginning 
of the space programme, the basic aim was to achieve self-reliance, uses of space technology for rational 
development, the main thrust areas of the Indian space programmes are: - 

• Satellite-based communications for various applications like television, radio and tele-communications;  

• Satellite-based remote sensing for resources survey, management and environmental monitoring;  

• Meteorological applications; and  

• Development and operationalisation of indigenous satellites and launch vehicles for providing these 

space services.  

Space research is no longer considered as  high-tech venture whose costs make it an irrelevant luxury for a 
developing country like India. Indeed, the benefits of space research have great relevance for developing 
countries- revolutionising communications, natural resources management, study of agricultural potential, 
weather monitoring, and disaster management. Furthermore, the spin offs from space technology find 
applications in fields ranging from food storage to open heart surgery, from fishing to automobiles. 

A spacecraft may make several kinds of trips into space. It may be launched into orbit around the earth, 
rocketed to the moon, or sent past a planet. For each trip the spacecraft must be launched at a particular 
velocity. The job of the launch vehicles is to give the spacecraft this velocity. If the spacecraft carries a crew, 
the spacecraft itself must be able to slow down and land safely on the earth.  

Overcoming gravity is the biggest problem in getting into space. Gravity pulls everything to the earth and 
gives objects their weight. A rocket overcomes gravity by producing thrust. Thrust, like weight, can be 
measured in newtons or pounds. To lift a spacecraft, a rocket must have a thrust greater than its own weight 
and the added weight of the spacecraft. The extra thrust accelerates the spacecraft. That is, it make the 
spacecraft go faster and faster until it reaches the velocity needed for its journey.  

Rocket engines create thrust by burning large amounts of fuel. As the fuel burns, it becomes a hot gas. The 
heat creates an extremely high pressure in the gas. The gas leaves the rocket engine at high speed through 
the rocket nozzle. The reaction force created by the acceleration of the rocket. This forward push on the rocket 
is the thrust, which is strong enough to lift the rocket from the ground.  

Rocket fuels are called propellants. Liquid- propellant rockets work by combining a fuel, such kerosene or 
liquid hydrogen, with an oxidizer, such as liquid  oxygen. The fuel and oxidizer burn violently, when mixed. 
Solid- fuel rockets use dry chemicals as propellants.  
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Space shuttle 

The primary vehicle for research and exploration in the United States space programme is the space shuttle. 
The space shuttle takes off like a rocket, orbits the earth life a spacecraft, and lands like an aeroplane. It 
consists of an orbiter, and external tank, and two solid rocket boosters. The orbiter resembles an aeroplane. 
It carries the crew and the payload. The orbiter has three liquid rocket engines near its tail. Propellants are 
fed to the engines from the external tank. The external tank holds the propellant, which consists of liquid 
hydrogen, and liquified Oxygen. The orbiter’s engines, combined with a solid rocket boosters, provide the 
thrust to launch the space shuttle. After two minutes of flight the boosters separate from the orbiter. The 
orbiter continues into space and releases the external tank just before entering orbit.  

Returning to the earth involves problems opposite to those of getting into space. The spacecraft must lose 
speed instead of gaining it. The space shuttle orbiter has two smaller engines that are fired to slow down the 
spacecraft at a speed of more than 25,800 kilometers per hour. As the spacecraft slows down, friction with 
the air produces intense heat. The temperature of the wings may reach over 1500O C. A thermal protection 
system shields the orbiter from this heat. The thermal protection system consists of more than 25,000 ceramic 
tiles bonded to the body of the spacecraft. About an hour after the shuttle’s engines are fired to bring it out 
of its orbit the spacecraft glides down, using its wings to manoeuvre and lands on a runway. The shuttle 
touches down at a speed of about 320 kilometer per hour.  

Satellites 

A satellite is a moon, planet or machine that orbits a planet or star. There are two kinds of satellites: natural 
(such as the moon orbiting the Earth) or artificial (such as the International Space Station orbiting the Earth). 
Usually, the word "satellite" refers to a machine that is launched into space and moves around Earth or another 
body in space. 

Earth and the moon are examples of natural satellites. Thousands of artificial, or man-made, satellites orbit 
Earth. Some take pictures of the planet that help meteorologists predict weather and track hurricanes. Some 
take pictures of other planets, the sun, black holes, dark matter or faraway galaxies. These pictures help 
scientists better understand the solar system and universe. 

Still other satellites are used mainly for communications, such as beaming TV signals and phone calls around 
the world. A group of more than 20 satellites make up the Global Positioning System, or GPS. If you have a 
GPS receiver, these satellites can help figure out your exact location. 

There are dozens upon dozens of natural satellites in the solar system, with almost every planet having at 
least one moon. Saturn, for example, has at least 53 natural satellites, and between 2004 and 2017, it also had 
an artificial one — the Cassini spacecraft, which explored the ringed planet and its moons. 

Artificial satellites, however, did not become a reality until the mid-20th century. The first artificial satellite 
was Sputnik, a Russian beach-ball-size space probe that lifted off on Oct. 4, 1957. That act shocked much of 
the western world, as it was believed the Soviets did not have the capability to send satellites into space. 

Most satellites are launched into space on rockets. A satellite orbits Earth when its speed is balanced by the 
pull of Earth's gravity. Without this balance, the satellite would fly in a straight line off into space or fall back 
to Earth. Satellites orbit Earth at different heights, different speeds and along different paths. The two most 
common types of orbit are "geostationary" (jee-oh-STAY-shun-air-ee) and "polar." 

A geostationary satellite travels from west to east over the equator. It moves in the same direction and at the 
same rate Earth is spinning. From Earth, a geostationary satellite looks like it is standing still since it is always 
above the same location. 
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Polar-orbiting satellites travel in a north-south direction from pole to pole. As Earth spins underneath, these 
satellites can scan the entire globe, one strip at a time. 

Orbit 

An orbit is a regular, repeating path that one object in space takes around another one. An object in an orbit 
is called a satellite. A satellite can be natural, like Earth or the moon. Many planets have moons that orbit 
them. A satellite can also be man-made, like the International Space Station. 

Planets, comets, asteroids and other objects in the solar system orbit the sun. Most of the objects orbiting the 
sun move along or close to an imaginary flat surface. This imaginary surface is called the ecliptic plane. 

Shape of an Orbits 

Orbits come in different shapes. All orbits are elliptical, which means they are an ellipse, similar to an oval. 
For the planets, the orbits are almost circular. The orbits of comets have a different shape. They are highly 
eccentric or "squashed." They look more like thin ellipses than circles. 

Satellites that orbit Earth, including the moon, do not always stay the same distance from Earth. Sometimes 
they are closer, and at other times they are farther away. The closest point a satellite comes to Earth is called 
its perigee. The farthest point is the apogee. For planets, the point in their orbit closest to the sun is perihelion. 
The farthest point is called aphelion. Earth reaches its aphelion during summer in the Northern Hemisphere. 
The time it takes a satellite to make one full orbit is called its period. For example, Earth has an orbital period 
of one year. The inclination is the angle the orbital plane makes when compared with Earth's equator. 

 
An object in motion will stay in motion unless something pushes or pulls on it. This statement is called 
Newton's first law of motion. Without gravity, an Earth-orbiting satellite would go off into space along a 
straight line. With gravity, it is pulled back toward Earth. A constant tug-of-war takes place between the 
satellite's tendency to move in a straight line, or momentum, and the tug of gravity pulling the satellite back. 

An object's momentum and the force of gravity have to be balanced for an orbit to happen. If the forward 
momentum of one object is too great, it will speed past and not enter into orbit. If momentum is too small, 
the object will be pulled down and crash. When these forces are balanced, the object is always falling toward 
the planet, but because it's moving sideways fast enough, it never hits the planet. Orbital velocity is the speed 
needed to stay in orbit. At an altitude of 150 miles (242 kilometers) above Earth, orbital velocity is about 
17,000 miles per hour. Satellites that have higher orbits have slower orbital velocities. 

Satellites have several unique characteristics which make them particularly useful for remote sensing of the 
Earth's surface. 

The path followed by a satellite is referred to as its orbit. Satellite 
orbits are matched to the capability and objective of the sensor(s) 
they carry. Orbit selection can vary in terms of altitude (their height 
above the Earth's surface) and their orientation and rotation 
relative to the Earth. Satellites at very high altitudes, which view 
the same portion of the Earth's surface at all times 
have geostationary orbits. These geostationary satellites, at 
altitudes of approximately 36,000 kilometres, revolve at speeds 
which match the rotation of the Earth so they seem stationary, 
relative to the Earth's surface. This allows the satellites to observe 
and collect information continuously over specific areas. Weather 
and communications satellites commonly have these types of 
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orbits. Due to their high altitude, some geostationary weather satellites can monitor weather and cloud 
patterns covering an entire hemisphere of the Earth.   

Many remote sensing platforms are designed to follow an orbit 
(basically north-south) which, in conjunction with the Earth's rotation 
(west-east), allows them to cover most of the Earth's surface over a 
certain period of time. These are near-polar orbits, so named for the 
inclination of the orbit relative to a line running between the North 
and South poles. Many of these satellite orbits are also sun-
synchronous such that they cover each area of the world at a constant 
local time of day called local sun time. At any given latitude, the 
position of the sun in the sky as the satellite passes overhead will be 
the same within the same season. This ensures consistent illumination 
conditions when acquiring images in a specific season over successive 
years, or over a particular area over a series of days. This is an 
important factor for monitoring changes between images or for 
mosaicking adjacent images together, as they do not have to be corrected for different illumination 
conditions. 

Most of the remote sensing satellite platforms today are in near-polar orbits, which means that the satellite 
travels northwards on one side of the Earth and then toward the southern pole on the second half of its orbit. 
These are called ascending and descending passes, respectively. If the orbit is also sun-synchronous, the 
ascending pass is most likely on the shadowed side of the Earth while the descending pass is on the sunlit 
side. Sensors recording reflected solar energy only image the surface on a descending pass, when solar 
illumination is available. Active sensors which provide their own illumination or passive sensors that record 
emitted (e.g. Thermal) radiation can also image the surface on ascending passes. 

As a satellite revolves around the Earth, the sensor "sees" a certain 
portion of the Earth's surface. The area imaged on the surface, is 
referred to as the swath. Imaging swaths for spaceborne sensors 
generally vary between tens and hundreds of kilometres wide. As the 
satellite orbits the Earth from pole to pole, its east-west position 
wouldn't change if the Earth didn't rotate. However, as seen from the 
Earth, it seems that the satellite is shifting westward because the Earth 
is rotating (from west to east) beneath it. This apparent movement 
allows the satellite swath to cover a new area with each consecutive 
pass. The satellite's orbit and the rotation of the Earth work together 
to allow complete coverage of the Earth's surface, after it has 
completed one complete cycle of orbits. 

If we start with any randomly selected pass in a satellite's orbit, an orbit cycle will be completed when the 
satellite retraces its path, passing over the same point on the Earth's 
surface directly below the satellite (called the nadir point) for a second 
time. The exact length of time of the orbital cycle will vary with each 
satellite. The interval of time required for the satellite to complete its 
orbit cycle is not the same as the "revisit period". Using steerable sensors, 
an satellite-borne instrument can view an area (off-nadir) before and 
after the orbit passes over a target, thus making the 'revisit' time less 
than the orbit cycle time. The revisit period is an important consideration 
for a number of monitoring applications, especially when frequent 
imaging is required (for example, to monitor the spread of an oil spill, or 
the extent of flooding). In near-polar orbits, areas at high latitudes will 
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be imaged more frequently than the equatorial zone due to the increasing overlap in adjacent swaths as the 
orbit paths come closer together near the poles. 

Types of orbits 

Upon launch, a satellite or spacecraft is most often placed in one of several particular orbits around the Earth 
– or it might be sent on an interplanetary journey, meaning that it does not orbit Earth anymore, but instead 
orbits the Sun until its arrival at its final destination, like Mars or Jupiter.  

There are many factors that decide which orbit would be best for a satellite to use, depending on what the 
satellite is designed to achieve. 

1. Geostationary orbit (GEO)  
2. Low Earth orbit (LEO)  
3. Medium Earth orbit (MEO)  
4. Polar orbit and Sun-synchronous orbit (SSO) 
5. Transfer orbits and Geostationary transfer orbit (GTO)  
6. Lagrange points (L-points) 
 

1. Geostationary orbit (GEO) 

Satellites in geostationary orbit (GEO) circle the Earth 
above the equator from west to east. 

A GEO satellite follows the Earth’s rotation – taking 23 
hours 56 minutes and 4 seconds – by travelling at 
exactly the same rate as the Earth. This makes satellites 
in GEO appear to be “stationary” over a fixed position. 
In order to perfectly match the Earth’s rotation, the 
speed of GEO satellites needs to be about 3 km per 
second and at a height of 35,786 km. This is very far 
from Earth’s surface compared to other satellites. 

This orbit is used by satellites that need to stay 
constantly above one particular place over the Earth, 
such as telecommunications satellites. This way, an antenna on Earth can be fixed to always stay pointed 
towards that satellite without moving. It can also be used by weather monitoring satellites, because they can 
continually observe specific areas to see how weather trends emerge there. 

GEO satellites cover a large range of Earth, and a combination even just three equally spaced GEO satellites 
can provide near full coverage of the Earth. This is because 
when a satellite is this far from Earth, it can cover large 
sections at once; you can compare it to how you would be 
able to read more of a map laid in front of you if you were 
a metre from it than if you were a centimetre from it. So to 
see all of Earth at once from GEO, you need only three 
satellites, but at a lower altitude, you would need more. 

2. Low Earth orbit (LEO) 

A low Earth orbit (LEO) is, as the name suggests, an orbit 
that is relatively close to Earth’s surface. It is normally at an 
altitude of less than 1000 km but could be as low as 160 km 
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above Earth – which is low compared to other orbits, but still very far above Earth’s surface. ( Mostly Polar 
Synchronous Sats. Are LEOs) 

By comparison, most commercial aeroplanes do not fly at altitudes much greater than approximately 14 km, 
so even the lowest LEO is more than ten times higher than that. 

Unlike GEO satellites that must always orbit along Earth’s equator, LEO satellites do not always have to follow 
a particular path around Earth in the same way – their plane can be tilted. This means there are more available 
routes for satellites in LEO, which is one of the reasons why LEO is a very commonly used orbit. 

LEO’s close proximity to Earth makes it useful for several reasons. It is the orbit most commonly used for 
satellite imaging, as being near the surface allows it to take images of higher resolution. It is also the orbit 
used for the International Space Station (ISS), as it is easier for astronauts to travel to and from it at a shorter 
distance. Satellites in this orbit travel at a speed of around 7.8 km per second; at this speed, a satellite takes 
approximately 90 minutes to circle the Earth, meaning the ISS travels around the Earth about 16 times a day. 

However, individual LEO satellites are less useful for tasks such as telecommunications, because they move 
so fast across the sky and therefore require a lot of effort to track from ground stations. 

Instead, LEO communications satellites often work as part of a large combination, or a constellation, of 
multiple satellites to give constant coverage. In order to increase coverage, sometimes constellations like this 
consisting of several of the same or similar satellites are launched together to create a “net” around the Earth. 
This lets them cover large areas of Earth simultaneously by working together. 

Medium Earth orbit (MEO) 

Medium Earth orbit comprises a large range of orbits 
anywhere between LEO and GEO. It is similar to LEO in 
that it also does not need to take specific paths around 
Earth, and it is used by a variety of satellites with lots of 
different applications. 

It is very commonly used by navigation satellites, like 
the European Galileo system (pictured). Galileo is what 
powers navigation communications across Europe, and 
is used for many types of navigation, from tracking large 
jumbo jets to getting directions to your smartphone. 
Galileo uses a constellation of multiple satellites to 
provide coverage across large parts of the world all at once. 

Polar orbit and Sun-synchronous orbit (SSO) 

Satellites in polar orbits usually travel past Earth from 
north to south rather than from west to east, passing 
roughly over the polar regions of the Earth. 

Polar orbit satellites do not have to pass the North 
and South Pole precisely; even a deviation within 20 
to 30 degrees is still classed as a polar orbit. Polar 
orbits are a type of LEO, as they are at low altitudes 
between 200 to 1000 km. 

Sun synchronous orbits (SSO) are a particular kind of 
polar orbit. SSO satellites, travelling over the polar 
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regions, are synchronous with the Sun. This means they are synchronised to always be in the same “fixed” 
position relative to the Sun (i.e. The satellite always visits the same spot at the same local time – say, it passes 
the city of Paris every day at noon exactly). 

This means that the satellite will always observe a point on the Earth as if constantly at the same time of the 
day, which serves a number of applications; for example, it means that scientists and those who use the 
satellite images can compare how somewhere changes over time. 

This is because, if you want to monitor an area by taking a series of images of a certain place across many 
days, weeks, months, or even years, then it would not be very helpful to compare somewhere at midnight 
and then at midday – you need to take each picture as similarly as the previous picture as possible. Therefore, 
scientists use image series like these to investigate how weather patterns emerge, to help predict weather or 
storms; when monitoring emergencies like forest fires or flooding; or to accumulate data on long-term 
problems like deforestation or rising sea levels. 

Often, SSO satellites are synchronised so that they are in constant dawn or dusk – this is because by constantly 
riding a sunset or sunrise, they will never have the Sun at an angle where the Earth shadows them. A satellite 
in a Sun-synchronous orbit would usually be at an altitude of between 600 to 800 km. At 800 km, it will be 
travelling at a speed of approximately 7.5 km per second. 

Transfer orbits and Geostationary transfer orbit (GTO) 

Transfer orbits are a special kind of orbit used to get from 
one orbit to another. When satellites are launched from 
Earth and carried to space with launch vehicles such as 
Ariane 5, the satellites are not always placed directly on 
their final orbit. Often, the satellites are instead placed on a 
transfer orbit: an orbit where, by using relatively little 
energy from built-in motors, the satellite or spacecraft can 
move from one orbit to another. 

This allows a satellite to reach, for example, a high-altitude 
orbit like GEO without actually needing the launch vehicle 
to go all the way to this altitude, which would require more 
effort – it’s like taking a kind of shortcut. Reaching GEO in 
this way is an example of one of the most common transfer 

orbits, called the Geostationary transfer orbit (GTO). 

Orbits have different “eccentricities” – a measure of how circular (round) or elliptical (squashed) an orbit is. In 
a perfectly round orbit, the satellite is always at the same distance from the Earth’s surface – but on a highly 
eccentric orbit, the path looks like an ellipse. 

On a highly eccentric orbit like this, the 
satellite can quickly go from being very 
far to very near Earth’s surface 
depending on where the satellite is on 
the orbit. In transfer orbits, the payload 
uses engines to go from an orbit of one 
eccentricity to another, which puts it on 
track to higher or lower orbits. 

At launch, the launch vehicle begins its 
ascent from Earth, following the path 
shown by the yellow line as shown by the 
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figure. When in place, the rocket deploys (releases) the payload which sets it off on an elliptical orbit, following 
the blue line which sends the payload farther away from Earth. The point farthest away from the Earth on the 
blue elliptical orbit is called the apogee and the point closest is called the perigee.  

Once the payload reaches the apogee at the GEO altitude of 35,786 km, it fires its engines in such a way that 
it enters onto the circular GEO orbit, i.e. It begins to travel along the red line, on which it then stays. So, 
specifically, the GTO is the blue path from the yellow orbit to the red orbit. 

Weather, communication and global positioning satellites are often in a geostationary orbit. Because the 
satellite follows the Earth’s rotation 
always at the same point, an observer on 
Earth would be able to continuously 
“see” it. In the case of geostationary 
satellites, the Earth’s force of gravity is 
exactly enough to provide acceleration 
required for circular motion. 

While geosynchronous satellites can 
have any inclination, the key difference 
to geostationary orbit is the fact that 
they lie on the same plane as the equator. Geostationary orbits fall in the same category as geosynchronous 
orbits, but with that one special quality of being parked over the equator. 

Lagrange points 

For many spacecraft being put in orbit, being too close to the Earth can be disruptive to their mission – even 
at more distant orbits such as GEO. 

For example, for space-based observatories and telescopes whose mission is to photograph deep, dark space, 
being next to Earth is hugely detrimental because Earth naturally emits visible light and infrared radiation 
that will prevent the telescope from detecting any faint lights like distant galaxies. Photographing dark space 
with a telescope next to our glowing Earth would be as hopeless as trying to take pictures of stars from Earth 
in broad daylight. 

Lagrange points, or L-points, allow for orbits that are much, much farther away (over a million kilometres) 
and do not orbit Earth directly. These are specific points far out in space where the gravitational fields of Earth 
and the Sun combine in such a way that spacecraft that orbit them remain stable and can thus be “anchored” 
relative to Earth. If a spacecraft was launched to other points in space very distant from Earth, they would 
naturally fall into an orbit around the Sun, and those spacecraft would soon end up far from Earth, making 
communication difficult. Instead, spacecraft launched to these special L-points stay fixed, and remain close 
to Earth with minimal effort without going into a different orbit. 

The most used L-points are L1 and L2. These are both four times farther away from Earth than the Moon – 1.5 
million kilometres, compared to GEO’s 36,000 km – but that is still only approximately 1% of the distance of 
Earth from the Sun. 

 

Geostationary satellites are launched into orbit in the same direction the Earth is spinning. When the 
satellite is in orbit at a specific altitude, it will exactly match the rotation of the Earth. This sweet spot 
is approximately 36,000 km above the Earth’s surface in high Earth orbit. 
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Launch Vehicles  

Launch Vehicles or Launchers  are used to carry spacecraft to space. India has two operational launchers: Polar 
Satellite Launch Vehicle (PSLV) and Geosynchronous Satellite Launch Vehicle (GSLV). GSLV with indigenous 
Cryogenic Upper Stage has enabled the launching up to 2 tonne class of communication satellites. The next 
variant of GSLV is GSLV Mk III, with indigenous high thrust cryogenic engine and stage, having the capability 
of launching 4 tonne class of communication satellites. 

In order to achieve high accuracy in placing satellites into their orbits, a combination of accuracy, efficiency, 
power and immaculate planning are required. ISRO's Launch Vehicle Programme spans numerous centres 
and employs over 5,000 people. Vikram Sarabhai Space Centre, located in Thiruvananthapuram, is responsible 
for the design and development of launch vehicles. Liquid Propulsion Systems Centre and ISRO Propulsion 
Complex, located at Valiamala and Mahendragiri respectively, develop the liquid and cryogenic stages for 
these launch vehicles. Satish Dhawan Space Centre, SHAR, is the space port of India and is responsible for 
integration of launchers. It houses two operational launch pads from where all GSLV and PSLV flights take 
place. 

 

Polar satellite launch vehicle 

Polar Satellite Launch Vehicle (PSLV) is the third generation launch vehicle of India. It is the first Indian launch 
vehicle to be equipped with liquid stages. After its first successful launch in October 1994, PSLV emerged as 
the reliable and versatile workhorse launch vehicle of India with 39 consecutively successful missions by June 
2017. During 1994-2017 period, the vehicle has launched 48 Indian satellites and 209 satellites for customers 
from abroad. 

Besides, the vehicle successfully launched two spacecraft – Chandrayaan-1 in 2008 and Mars Orbiter 
Spacecraft in 2013 – that later traveled to Moon and Mars respectively. 

Geosynchronous satellite launch vehicle  (gslv) 

Geosynchronous Satellite Launch Vehicle Mark II (GSLV Mk II) is the largest launch vehicle developed by India, 
which is currently in operation. This fourth generation launch vehicle is a three stage vehicle with four liquid 
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strap-ons. The indigenously developed cryogenic Upper Stage (CUS), which is flight proven, forms the third 
stage of GSLV Mk II. From January 2014, the vehicle has achieved four consecutive successes 

Kepler’s  laws of Planetary Motion  

Kepler’s three laws of planetary motion can be stated as follows: (1) All planets move about 
the Sun in elliptical orbits, having the Sun as one of the foci. (2) A radius vector joining any planet to the Sun 
sweeps out equal areas in equal lengths of time. (3) The squares of the sidereal periods (of revolution) of the 
planets are directly proportional to the cubes of their mean distances from the Sun. Knowledge of these laws, 
especially the second (the law of areas), proved crucial to Sir Isaac Newton in 1684–85, when he formulated 
his famous law of gravitation between Earth and the Moon and between the Sun and the planets, postulated 
by him to have validity for all objects anywhere in the universe. Newton showed that the motion of bodies 
subject to central gravitational force need not always follow the elliptical orbits specified by the first law of 
Kepler but can take paths defined by other, open conic curves; the motion can be in parabolic or hyperbolic 
orbits, depending on the total energy of the body. Thus, an object of sufficient energy—e.g., a comet—can 
enter the solar system and leave again without returning. From Kepler’s second law, it may be observed 
further that the angular momentum of any planet about an axis through the Sun and perpendicular to the 
orbital plane is also unchanging. 

The usefulness of Kepler’s laws extends to the motions of natural and artificial satellites, as well as to stellar 
systems and extra solar planets. As formulated by Kepler, the laws do not, of course, take into account the 
gravitational interactions (as perturbing effects) of the various planets on each other. The general problem of 
accurately predicting the motions of more than two bodies under their mutual attractions is quite 
complicated; analytical solutions of the three-body problem are unobtainable except for some special cases. 
It may be noted that Kepler’s laws apply not only to gravitational but also to all other inverse-square-law 
forces and, if due allowance is made for relativistic and quantum effects, to the electromagnetic forces within 
the atom. 

Artificial satellites 

An artificial  satellite is a manufactured ‘moon’. It circles the earth in space along a path called an orbit. An 
artificial satellite may be designed in almost any shape/ it does not have to be streamlined, because there is 
little or no air where it travels in space. A satellite’s size and shape depend on its job.  

Artificial satellites stay in space for varying lengths of time. The lifetime of each satellite depends on its size 
and its distance from the earth. Whenever a satellite swings close to the earth, it runs into many air particles 
that slow it down. To stay in orbit, a satellite must keep a certain speed. If it slows below this speed, it plunges 
into the atmosphere and burns up because of friction with the air. The slowing of a satellite by air is called 
decay. Large satellites in low orbits decay rapidly. Small ones in high orbits decay slowly.  

Most satellites carry some type of radio transmitter and receiver. One kind of transmitter is called a radio 
beacon. It sends signals that enable position in space. Another kind of transmitter sends to the earth the 
scientific information gathered by the satellite’s instruments. This sending of information is called telemetry. 
Telemetry transmitters usually serve also as beacons. A satellite’s receiving equipment is turned on and off 
by means of signals beamed from the earth.  

Most satellites stop working long before they fall into the earth’s atmosphere. Their batteries go dead, or 
their electronic equipment breaks down. They become “silent” and of no further use. Artificial satellites may 
be classified according to the jobs they do as  

1. Weather satellites  

2. Communication satellites  
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3. Navigation satellites  

4. Scientific satellites  

5. Military satellites 

ISRO 

India decided to go to space when Indian National Committee for Space Research (INCOSPAR) was set up by 
the Government of India in 1962. With the visionary Dr Vikram Sarabhai at its helm, INCOSPAR set up the 
Thumba Equatorial Rocket Launching Station (TERLS) in Thiruvananthapuram for upper atmospheric research. 

Indian Space Research Organisation, formed in 1969, superseded the erstwhile INCOSPAR. Vikram Sarabhai, 
having identified the role and importance of space technology in a Nation's development, provided ISRO the 
necessary direction to function as an agent of development. ISRO then embarked on its mission to provide 
the Nation space based services and to develop the technologies to achieve the same independently. 

Throughout the years, ISRO has 
upheld its mission of bringing 
space to the service of the 
common man, to the service of 
the Nation. In the process, it 
has become one of the six 
largest space agencies in the 
world. ISRO maintains one of 
the largest fleet of 
communication satellites 
(INSAT) and remote sensing 
(IRS) satellites, that cater to the 
ever growing demand for fast 
and reliable communication 
and earth observation 
respectively. ISRO develops 
and delivers application 
specific satellite products and 
tools to the Nation: broadcasts, 
communications, weather 
forecasts, disaster 
management tools, Geographic Information Systems, cartography, navigation, telemedicine, dedicated 
distance education satellites being some of them. 

To achieve complete self reliance in terms of these applications, it was essential to develop cost efficient and 
reliable launch systems, which took shape in the form of the Polar Satellite Launch Vehicle (PSLV). The famed 
PSLV went on to become a favoured carrier for satellites of various countries due to its reliability and cost 
efficiency, promoting unprecedented international collaboration. The Geosynchronous Satellite Launch 
Vehicle (GSLV) was developed keeping in mind the heavier and more demanding Geosynchronous 
communication satellites. 

Apart from technological capability, ISRO has also contributed to science and science education in the 
country. Various dedicated research centres and autonomous institutions for remote sensing, astronomy and 
astrophysics, atmospheric sciences and space sciences in general function under the aegis of Department of 
Space. ISRO's own Lunar and interplanetary missions along with other scientific projects encourage and 
promote science education, apart from providing valuable data to the scientific community which in turn 
enriches science. 
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Future readiness is the key to maintaining an edge in technology and ISRO endeavours to optimise and 
enhance its technologies as the needs and ambitions of the country evolve. Thus, ISRO is moving forward 
with the development of heavy lift launchers, human spaceflight projects, reusable launch vehicles, semi-
cryogenic engines, single and two stage to orbit (SSTO and TSTO) vehicles, development and use of 
composite materials for space applications etc. 

Communication Satellites 

The Indian National Satellite (INSAT) system is one of the largest domestic communication satellite systems 
in Asia-Pacific region with nine operational communication satellites placed in Geo-stationary orbit. 
Established in 1983 with commissioning of INSAT-1B, it initiated a major revolution in India’s communications 
sector and sustained the same later. GSAT-17 joins the constellation of INSAT System consisting 
15 operational satellites, namely - INSAT-3A, 3C, 4A, 4B, 4CR and GSAT-6, 7, 8, 9, 10, 12, 14, 15, 16 and 18. 

The INSAT system with more than 200 transponders in the C, Extended C and Ku-bands provides services to 
telecommunications, television broadcasting, satellite newsgathering, societal applications, weather 
forecasting, disaster warning and Search and Rescue operations. 

Earth Observation Satellites 

Starting with IRS-1A in 1988, ISRO has launched many operational remote sensing satellites. Today, India has 
one of the largest constellations of remote sensing satellites in operation. Currently, *thirteen* operational 
satellites are in Sun-synchronous orbit – RESOURCESAT-1, 2, 2A CARTOSAT-1, 2, 2A, 2B, RISAT-1 and 2, 
OCEANSAT-2, Megha-Tropiques, SARAL and SCATSAT-1, and *four* in Geostationary orbit- INSAT-3D, 
Kalpana & INSAT 3A, INSAT -3DR. Varieties of instruments have been flown onboard these satellites to 
provide necessary data in a diversified spatial, spectral and temporal resolutions to cater to different user 
requirements in the country and for global usage. The data from these satellites are used for several 
applications covering agriculture, water resources, urban planning, rural development, mineral prospecting, 
environment, forestry, ocean resources and disaster management. 

Earth Observation Applications 

Earth Observation Satellites of ISRO has been successfully able to establish many operational applications in 
the country. Both at Central and State level, there are large number of users who utilise space based inputs 
for various purposes. Some of the important missions of ISRO, in terms of IRS series of satellites, that has 
enabled unique applications of space based imaging are, Cartosat-1 & 2, Resourcesat-1 & 2, Oceansat-1 & 
2, Risat-1, Megha-Tropiques, SARAL, Scatsat, INSAT series, and host of other satellites. ISRO is in the verge of 
realising next generation of these satellites, as part of continuity of missions, to ensure that the user 
community is continuously benefitted from space inputs for sustainable development and good governance. 

The hallmark of Indian space programme is the application-oriented focus and the benefits that have accrued 
to the country through these programmes. The societal services offered by Earth Observation, SATCOM and 
the recent navic constellation of satellites in various areas of national development, including tele-education 
and telemedicine, are standing examples of applications oriented space programme of India. Remote Sensing 
applications projects at National, State and Local levels are being carried out through a well-established 
multi-pronged implementation architecture of National Natural Resources Management System (NNRMS) in 
the country. The architecture of space programme in India emphasises on the applications, with active 
participation of user-community from Government, Academia and Industry. During past many years, Indian 
Remote Sensing Satellite constellation has taken giant strides in ensuring many areas of application, 
operational. Some of the most prominent ones are Agricultural Crops Inventory, Water Resources Information 
System, Ground Water Prospects, Forest Working Plans, Biodiversity and Coral Mapping, Potential Fishing 
Zones, Ocean State Forecasts, Rural Development, Urban Development, Inventory & Monitoring of Glacial 
Lakes / Water Bodies, Location based Services using navic constellation, Disaster Management Support 
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Programme (Cyclone and Floods Mapping & Monitoring, Landslide Mapping & Monitoring, Agricultural 
Drought, Forest Fire, Earthquakes, Extreme Weather Monitoring and experimental Forecasts and so on). 

Geospatial technologies, remote sensing, satellite communication and navigation systems are providing 
many new ways for effective management of natural resources. This has resulted in enabling variety of data 
and information products for societal benefits and also helping planners and decision-makers to embark 
upon unique people-centric services. Web Geoportals and mobile technologies (Bhuvan Geoportal) are the 
other popular platforms, being used by Governments, to provide information services and solutions at all 
levels, which are proving to be effective. The Government system has successfully adopted  to use such 
technologies for the benefit of people at large. ISRO works closely with Central & State Government 
departments/ ministries, Industry and Academia in ensuring best of solutions for optimal management of 
Natural Resources, support services for good governance and societal development. Through a well-
coordinated effort, this system has been able to provide several important applications that are becoming 
people-centric today. 

Satellite Navigation 

Satellite Navigation service is an emerging satellite based system with commercial and strategic applications. 
ISRO is committed to provide the satellite based Navigation services to meet the emerging demands of the 
Civil Aviation requirements and to meet the user requirements of the positioning, navigation and timing 
based on the independent satellite navigation system. To meet the Civil Aviation requirements, ISRO is 
working jointly with Airport Authority of India (AAI) in establishing the GPS Aided Geo Augmented Navigation 
(GAGAN) system. To meet the user requirements of the positioning, navigation and timing services based on 
the indigenous system, ISRO is establishing a regional satellite navigation system called Indian Regional 
Navigation Satellite System (IRNSS). 

A. GPS Aided GEO Augmented Navigation (GAGAN) 

This is a Satellite Based Augmentation System (SBAS) implemented jointly with Airport Authority of India 
(AAI). The main objectives of GAGAN are to provide Satellite-based Navigation services with accuracy and 
integrity required for civil aviation applications and to provide better Air Traffic Management over Indian 
Airspace. The system will be interoperable with other international SBAS systems and provide seamless 
navigation across regional boundaries. The GAGAN Signal-In-Space (SIS) is available through GSAT-8 and 
GSAT-10. 

B. Indian Regional Navigation Satellite System (IRNSS) : navic 

IRNSS is an independent regional navigation satellite system being developed by India. It is designed to 
provide accurate position information service to users in India as well as the region extending up to 1500 km 
from its boundary, which is its primary service area. An Extended Service Area lies between primary service 
area and area enclosed by the rectangle from Latitude 30 deg South to 50 deg North, Longitude 30 deg East 
to 130 deg East. 

IRNSS will provide two types of services, namely, Standard Positioning Service (SPS) which is provided to all 
the users and Restricted Service (RS), which is an encrypted service provided only to the authorised users. The 
IRNSS System is expected to provide a position accuracy of better than 20 m in the primary service area. 

Some applications of IRNSS are: 

 Terrestrial, Aerial and Marine Navigation 
 Disaster Management 
 Vehicle tracking and fleet management 
 Integration with mobile phones 
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 Precise Timing 
 Mapping and Geodetic data capture 
 Terrestrial navigation aid for hikers and travellers 
 Visual and voice navigation for drivers 

IRNSS-1A spacecraft provides messaging service to users in the Indian region. The Signal-in-Space Interface 
Control Document (ICD Ver. 1.0) for Messaging services (IRNSS 1A) is released to the public to provide the 
essential information to facilitate the use of IRNSS1A Signal-in-space for development of receiver and 
associated application. 

Satellite Communication 

Satellite Communication utilisation has become wide spread and ubiquitous throughout the country for such 
diverse applications like Television, DTH Broadcasting, DSNG and VSAT to exploit the unique capabilities in 
terms of coverage and outreach. The technology has matured substantially over past three decades and is 
being used on commercial basis for a large number of applications. Most of us are touched by satellite 
communication in more ways than we realise. 

The potential of the technology for societal applications continue to fascinate ISRO and efforts are on to 
leverage the benefits of technology to the betterment of mankind. Important initiatives pursued by ISRO 
towards societal development include Tele-education, Tele-medicine, Village Resource Centre (VRC) and 
Disaster Management System (DMS) Programmes. The potential of the space technology for applications of 
national development is enormous. 

Embedded web technology and IoT 

Embedded web technology was developed by NASA to enable astronauts to conduct and monitor 
experiments on the ISS, remotely over Internet. The embedded web technology was later released in the 
public domain, which gave rise to the Internet of Things. IoT helps you to connect electronic devices to 
Internet, which enables any user to access their devices remotely. For example, Google Home is a Bluetooth 
and Wi-Fi enabled speaker, which doubles up as a virtual assistant. Now, IoT is extensively used in wearables, 
smart homes, and smart cities. Additionally, IoT has an incredible potential to transform your business to 
provide improved customer experience, enhanced operational efficiency, and business model innovations. 

Camera sensors 

The NASA scientist, Eric Fossum carried out an extensive research for minimizing the size of cameras for space 
missions. After years of research, Eric Fossum developed Complementary Metal Oxide Semiconductor (CMOS) 
image sensor for space exploration. But, images captured using the CMOS sensors displayed signal noise and 
other issues. Hence, Fossum developed CMOS active pixel sensors using Charge Coupled Device (CCD) 
technology. After being released for public use, CMOS active pixel sensors revolutionized the digital imaging 
industry. Now, CMOS active pixel sensors are typically used in various smartphone cameras and GoPro 
cameras. 

GPS 

Numerous space organizations have released various satellites into the Earth’s orbit. Satellites are used for 
multiple purposes and one of them is the GPS network. GPS networks allow you to pinpoint your location 
anywhere around the globe. Moreover, GPS networks are extensively used by navigation services like Google 
Maps. When clubbed with artificial intelligence and machine learning, GPS can help operate autonomous 
vehicles. With the help of sensors, the vehicles can learn to drive safely on their own. For example, an 
autonomous tractor can use accurate GPS results to feed plant, spray fertilizer, spray pesticides, and harvest 
crops. 
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Communication and Internet 

The satellites that orbit the Earth, send and receive data and signals to different devices. Satellite signals are 
used for mobile communication and over Internet, which have revolutionized the way we connect and work. 
Mobile communication and Internet have made it possible to connect and communicate with anyone in any 
corner of the world. Furthermore, the speed of Internet is increasing exponentially and the introduction of 5G 
is estimated to achieve speeds greater than 1Gbps. While, Internet is used for multiple operations in any type 
of business, the improving speed and cheap data rate is only going to make things better. From managing 
bank records to handling college admissions, Internet services are widely used in every sector. 

Rail monitoring sensors 

NASA’s Subsonic Rotary Wing Project has discovered a rotational vibration sensor called RotoSense to predict 
failures in helicopter transmission. RotoSense was repurposed to monitor vibrations in the axle of the train to 
detect flaws in rails. A Tennessee based company has repurposed RotoSense to create RailSafe, which 
monitors the health of wheels to identify problems and predict failures. RailSafe has made trains safer and 
has reduced the maintenance costs. 

Future of space technology and its effects 

Space technology is growing exponentially and turning sci-fi dreams into reality. Space organizations are 
funding more research and development programs for space exploration. Private companies like SpaceX and 
Blue Origin have also joined the race, to innovate space technology, by starting private space missions and 
pioneering space tourism. With steady growth in the space exploration sector, the future of space exploration 
is only getting brighter. Some interesting predictions about space technology include space tourism and 
space colonization. Private organizations such as SpaceX have already announced space missions like 
MarsOne that plans to colonize Mars. Blue Origin, on the other hand, is testing reusable rockets that have the 
potential to make space travel cheaper. Additionally, astronomers are discovering new stars, planets, galaxies, 
and other celestial bodies to gain a better understanding of the creation of the universe. Space technology is 
being constantly used for finding life and resources on other planets. 

With new inventions and discovery of better alternatives in space technology, existing technologies are 
getting cheaper and more advanced. The improvements in space technology will facilitate a better 
understanding of climate and faster broadband connections. Furthermore, the development of space shuttles 
and rockets are going to change the way we travel. Suborbital point-to-point travel solutions like Hyperloop, 
are considered to be possible in the future. Imagine taking off from New York, flying into space and landing 
in London within an hour or so, this can be possible with hypersonic travel alternatives. 

The advancements in space technology will revolutionize various industries. Industry sectors like 
manufacturing will find incredible opportunities to manufacture the parts required for space shuttles and 
rockets. Software companies need to hire professionals with niche and cross-functional professionals to 
develop software products and solutions for space exploration. Engineers and researchers must exploit 
artificial intelligence and machine learning to drive space exploration. 

Spacecraft and rockets will need large amounts of fuel for space missions. Hence, the energy sector must 
focus on developing renewable and alternative fuels for this purpose. Organizations can deploy big data 
analytics to understand and predict trends in space technology or its impact on their field of business. 

With new players joining the field of space technology, space research and exploration is only getting more 
advanced and competitive. Hence, it is essential for organizations to understand the potential of space 
technology and adapt to the changing industry trends to ensure a significant position in a competitive market. 
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PSLV Launches Till Date  

SN Title 
Launch 
Date 

Launcher 
Type Orbit Payload Remarks 

50 PSLV-C48/RISAT-2BR1 Dec 11, 
2019 

PSLV-QL 

 

RISAT-2BR1 

 

49 PSLV-C47 / Cartosat-3 Mission Nov 27, 
2019 

PSLV-XL SSPO Cartosat-3 

 

48 PSLV-C46 Mission May 22, 
2019 

PSLV-CA 

 

RISAT-2B 

 

47 PSLV-C45/EMISAT MISSION Apr 01, 
2019 

PSLV-QL 

 

EMISAT 

 

46 PSLV-C44 Jan 24, 
2019 

PSLV-DL SSPO Microsat-R 

 

45 PSLV-C43 / hysis Mission Nov 29, 
2018 

PSLV SSPO Hysis 

 

44 PSLV-C42 Mission Sep 16, 
2018 

PSLV SSPO 

  

43 PSLV-C41/IRNSS-1I Apr 12, 
2018 

PSLV-XL GSO IRNSS-1I 

 

42 PSLV-C40/Cartosat-2 Series 
Satellite Mission  

Jan 12, 
2018 

PSLV-XL SSPO Cartosat-2 Series Satellite  

 

41 PSLV-C39/IRNSS-1H Mission Aug 31, 
2017 

PSLV-XL 

 

IRNSS-1H Mission 
Unsuccessful 

40 PSLV-C38 / Cartosat-2 Series 
Satellite  

Jun 23, 
2017 

PSLV-XL SSPO Cartosat-2 Series Satellite  

 

39 PSLV-C37 / Cartosat -2 Series 
Satellite  

Feb 15, 
2017 

PSLV-XL SSPO Cartosat -2 Series Satellite 

 

38 PSLV-C36 / RESOURCESAT-2A Dec 07, 
2016 

PSLV-XL SSPO RESOURCESAT-2A 

 

37 PSLV-C35 / SCATSAT-1 Sep 26, 
2016 

PSLV SSPO SCATSAT-1 
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SN Title 
Launch 
Date 

Launcher 
Type Orbit Payload Remarks 

36 PSLV-C34 / CARTOSAT-2 Series 
Satellite  

Jun 22, 
2016 

PSLV-XL SSPO CARTOSAT-2 Series Satellite  

 

35 PSLV-C33/IRNSS-1G Apr 28, 
2016 

PSLV-XL GTO IRNSS-1G 

 

34 PSLV-C32/IRNSS-1F Mar 10, 
2016 

PSLV-XL GTO IRNSS-1F 

 

33 PSLV-C31/IRNSS-1E Jan 20, 
2016 

PSLV-XL GTO IRNSS-1E 

 

32 PSLV-C29 / teleos-1 Mission Dec 16, 
2015 

PSLV-CA LEO 

  

31 PSLV-C30/astrosat MISSION Sep 28, 
2015 

PSLV-XL LEO Astrosat 

 

30 PSLV-C28 / DMC3 Mission Jul 10, 
2015 

PSLV-XL LEO 

  

29 PSLV-C27/IRNSS-1D Mar 28, 
2015 

PSLV-XL GTO IRNSS-1D 

 

28 PSLV-C26/IRNSS-1C Oct 16, 
2014 

PSLV-XL GTO IRNSS-1C 

 

27 PSLV-C23 Jun 30, 
2014 

PSLV-CA SSPO 

  

26 PSLV-C24/IRNSS-1B Apr 04, 
2014 

PSLV-XL GTO IRNSS-1B 

 

25 PSLV-C25 Nov 05, 
2013 

PSLV-XL HEO Mars Orbiter Mission 
Spacecraft 

 

24 PSLV-C22/IRNSS-1A Jul 01, 
2013 

PSLV-XL GTO IRNSS-1A 

 

23 PSLV-C20/SARAL Feb 25, 
2013 

PSLV-CA SSPO SARAL 
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SN Title 
Launch 
Date 

Launcher 
Type Orbit Payload Remarks 

22 PSLV-C21 Sep 09, 
2012 

PSLV-CA SSPO 

  

21 PSLV-C19/RISAT-1 Apr 26, 
2012 

PSLV-XL SSPO RISAT-1 

 

20 PSLV-C18/Megha-Tropiques  Oct 12, 
2011 

PSLV-CA SSPO Megha-Tropiques  

 

19 PSLV-C17/GSAT-12 Jul 15, 
2011 

PSLV-XL GTO GSAT-12 

 

18 PSLV-C16/RESOURCESAT-2 Apr 20, 
2011 

PSLV-G SSPO RESOURCESAT-2 
YOUTHSAT 

 

17 PSLV-C15/CARTOSAT-2B Jul 12, 
2010 

PSLV-CA SSPO CARTOSAT-2B 

 

16 PSLV-C14 / OCEANSAT-2 Sep 23, 
2009 

PSLV-CA SSPO Oceansat-2  

 

15 PSLV-C12 / RISAT-2 Apr 20, 
2009 

PSLV-CA SSPO RISAT-2 

 

14 PSLV-C11 Oct 22, 
2008 

PSLV-XL Lunar Chandrayaan-1  

 

13 PSLV-C9 / CARTOSAT – 2A Apr 28, 
2008 

PSLV-CA SSPO CARTOSAT – 2A 
IMS-1 

 

12 PSLV-C10 Jan 21, 
2008 

PSLV-CA HEO 

  

11 PSLV-C8 Apr 23, 
2007 

PSLV-CA LEO 

  

10 PSLV-C7 / CARTOSAT-2 / SRE-1 Jan 10, 
2007 

PSLV-G SSPO CARTOSAT-2 
SRE-1 

 

9 PSLV-C6/CARTOSAT-
1/HAMSAT 

May 05, 
2005 

PSLV-G SSPO CARTOSAT-1 
HAMSAT 
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SN Title 
Launch 
Date 

Launcher 
Type Orbit Payload Remarks 

8 PSLV-C5 /RESOURCESAT-1 Oct 17, 
2003 

PSLV-G SSPO IRS-P6 / RESOURCESAT-1 

 

7 PSLV-C4 /KALPANA-1 Sep 12, 
2002 

PSLV-G GTO KALPANA-1 

 

6 PSLV-C3 / TES Oct 22, 
2001 

PSLV-G SSPO The Technology Experiment 
Satellite (TES) 

 

5 PSLV-C2/IRS-P4 May 26, 
1999 

PSLV-G SSPO Oceansat(IRS-P4) 

 

4 PSLV-C1 / IRS-1D Sep 29, 
1997 

PSLV-G SSPO IRS-1D 

 

3 PSLV-D3 / IRS-P3 Mar 21, 
1996 

PSLV-G SSPO IRS-P3 

 

2 PSLV-D2 Oct 15, 
1994 

PSLV-G SSPO IRS-P2 

 

1 PSLV-D1 Sep 20, 
1993 

PSLV-G SSPO 

 

Mission 
Unsuccessful 

 

GSLV Launches Till Date 

SN Title Launch Date  Launcher Type Orbit Payload Remarks 

13 GSLV-F11 / GSAT-7A Mission Dec 19, 2018 GSLV 

 

GSAT-7A 

 

12 GSLV-F08/GSAT-6A Mission Mar 29, 2018 GSLV GSO GSAT-6A 

 

11 GSLV-F09 / GSAT-9 May 05, 2017 GSLV GSO GSAT-9 
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SN Title Launch Date  Launcher Type Orbit Payload Remarks 

10 GSLV-F05 / INSAT-3DR Sep 08, 2016 GSLV-MK-II GTO INSAT-3DR 

 

9 GSLV-D6 Aug 27, 2015 GSLV-MK-II GTO GSAT-6 

 

8 GSLV-D5/GSAT-14 Jan 05, 2014 GSLV-MK-II GTO GSAT-14 

 

7 GSLV-F06 / GSAT-5P Dec 25, 2010 GSLV-MK-II GTO GSAT-5P Mission Unsuccessful 

6 GSLV-D3 / GSAT-4 Apr 15, 2010 GSLV-MK-II 

 

GSAT-4 Mission Unsuccessful 

5 GSLV-F04 / INSAT-4CR Sep 02, 2007 GSLV-MK-II GTO INSAT-4CR 

 

4 GSLV-F02 / INSAT-4C Jul 10, 2006 GSLV-MK-II GTO INSAT-4C Mission Unsuccessful 

3 GSLV-F01 / EDUSAT(GSAT-3) Sep 20, 2004 GSLV-MK-II GTO EDUSAT 

 

2 GSLV-D2 / GSAT-2 May 08, 2003 GSLV-MK-II GTO GSAT-2 

 

1 GSLV-D1 / GSAT-1 Apr 18, 2001 GSLV-MK-II GTO GSAT-1   

 

 

Launch 
Date Launch Vehicle  Application  

Remarks 

GSAT-30 Jan 17, 
2020 

Ariane-5 VA-251 Communication 
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Launch 
Date Launch Vehicle  Application  

Remarks 

GSAT-31 Feb 06, 
2019 

Ariane-5 VA-247 Communication 

 

GSAT-7A Dec 19, 
2018 

GSLV-F11 / GSAT-
7A Mission 

Communication 

 

GSAT-11 
Mission 

Dec 05, 
2018 

Ariane-5 VA-246 Communication 

 

GSAT-29 Nov 14, 
2018 

GSLV Mk III-D2 / 
GSAT-29 Mission 

Communication 

 

GSAT-6A Mar 29, 
2018 

GSLV-F08/GSAT-6A 
Mission 

Communication 

 

GSAT-17 Jun 29, 
2017 

Ariane-5 VA-238 Communication 

 

GSAT-19 Jun 05, 
2017 

GSLV Mk III-
D1/GSAT-19 
Mission 

Communication 

 

GSAT-9 May 05, 
2017 

GSLV-F09 / GSAT-9 Communication 

 

GSAT-18 Oct 06, 
2016 

Ariane-5 VA-231 Communication 

 

GSAT-15 Nov 11, 
2015 

Ariane-5 VA-227 Communication, 
Navigation 
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Launch 
Date Launch Vehicle  Application  

Remarks 

GSAT-6 Aug 27, 
2015 

GSLV-D6 Communication 

 

GSAT-16 Dec 07, 
2014 

Ariane-5 VA-221 Communication 

 

GSAT-14 Jan 05, 
2014 

GSLV-D5/GSAT-14 Communication 

 

GSAT-7 Aug 30, 
2013 

Ariane-5 VA-215 Communication 

 

GSAT-10 Sep 29, 
2012 

Ariane-5 VA-209 Communication, 
Navigation 

 

GSAT-12 Jul 15, 
2011 

PSLV-C17/GSAT-12 Communication 

 

GSAT-8 May 21, 
2011 

Ariane-5 VA-202 Communication, 
Navigation 

 

GSAT-5P Dec 25, 
2010 

GSLV-F06 / GSAT-
5P 

Communication Launch 
Unsuccessful 

GSAT-4 Apr 15, 
2010 

GSLV-D3 / GSAT-4 Communication Launch 
Unsuccessful 

INSAT-4CR Sep 02, 
2007 

GSLV-F04 / INSAT-
4CR 

Communication 
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Launch 
Date Launch Vehicle  Application  

Remarks 

INSAT-4B Mar 12, 
2007 

Ariane5 Communication 

 

INSAT-4C Jul 10, 
2006 

GSLV-F02 / INSAT-
4C 

Communication Launch 
Unsuccessful 

INSAT-4A Dec 22, 
2005 

Ariane5-V169 Communication 

 

HAMSAT May 05, 
2005 

PSLV-
C6/CARTOSAT-
1/HAMSAT 

Communication 

 

EDUSAT Sep 20, 
2004 

GSLV-F01 / 
EDUSAT(GSAT-3) 

Communication 

 

INSAT-3E Sep 28, 
2003 

Ariane5-V162 Communication 

 

GSAT-2 May 08, 
2003 

GSLV-D2 / GSAT-2 Communication 

 

INSAT-3A Apr 10, 
2003 

Ariane5-V160 Climate & 
Environment, 
Communication 

 

KALPANA-1 Sep 12, 
2002 

PSLV-C4 
/KALPANA-1 

Climate & 
Environment, 
Communication 

 

INSAT-3C Jan 24, 
2002 

Ariane5-V147 Climate & 
Environment, 
Communication 
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Launch 
Date Launch Vehicle  Application  

Remarks 

GSAT-1 Apr 18, 
2001 

GSLV-D1 / GSAT-1 Communication 

 

INSAT-3B Mar 22, 
2000 

Ariane-5G Communication 

 

INSAT-2E Apr 03, 
1999 

Ariane-42P H10-3 Communication 

 

INSAT-2D Jun 04, 
1997 

Ariane-44L H10-3 Communication Failed in Orbit 

INSAT-2C Dec 07, 
1995 

Ariane-44L H10-3 Communication 

 

INSAT-2B Jul 23, 
1993 

Ariane-44L H10+ Communication 

 

INSAT-2A Jul 10, 
1992 

Ariane-44L H10 Communication 

 

INSAT-1D Jun 12, 
1990 

Delta 4925 Communication 

 

INSAT-1C Jul 22, 
1988 

Ariane-3 Communication Partial Failure in 
Orbit 

INSAT-1B Aug 30, 
1983 

Shuttle [PAM-D] Communication 
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Launch 
Date Launch Vehicle  Application  

Remarks 

INSAT-1A Apr 10, 
1982 

Delta Communication Failed in Orbit 

 


