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Reasons for choosing this topic :

Rockets and space flight have always fascinated me very much, as a child I wanted to be an astronaut and fly among the stars. I still hope this dream of mine can be fulfilled. For starters this technical paper  gives me an opportunity to explore some of the theoretical aspects of travel into deep space.
Problem statement:

The problem in trying to send rockets to planets in the solar system or even some of the nearer stars for scientific study is the enormous distances involved. Given infinite resources may be we can send rockets from earth at very great speeds (within relativistic limits) to reach its intended destination.
But one of the most (or the most) important thing in any such project is funds. The project planning has to take into consideration that resources are limited.

History:
There were a number of ways suggested for space travel some of them include flying on the back of huge birds (Babylonian epic), attaching wings to oneself and flying ( Greek tale of Icarus) or travel by a ship with a huge sail carried by winds, hot air balloons.

Rockets seem to have originated in China during the Sung dynasty around 960-1270 AD and then reached Europe probably via trade routes.

A rocket is a vehicle or aircraft which obtains thrust by the reaction to the ejection of a fast moving exhaust from within a rocket engine
Rockets (rocket applies to any mechanism using Newton’s third Law) as a means of space travel was first considered in 1649 by French swordsman, playwright and satirist Cyrano de Bergerac. Two centuries later Jules Verne and Eyraud also wrote about rockets as a means of space travel.

One of the more interesting rocket concepts was Project Orion. Propulsion is achieved through exploding nuclear bombs. This idea was actually given some serious thought but was later discarded.

Konstantin Eduardovich of Russia was the author of the world’s first theoretical studies of Liquid propellant space vehicles. Robert Goddard of US and Hermann Oberth of Germany also contributed to the initial development of rocket technology but was primarily experimentalist.

Solutions:
The most widely used system for space travel is a rocket. The most widely used     rockets are chemical rockets. 
Solar sail is the only non rocket system used for space missions but even it uses a conventional chemical rocket to place itself outside earth’s sphere of influence.

Delta-V and Thrust:
· Thrust is a reaction force described quantitatively by Newton's Second Law when a system expels or accelerates mass in one direction to propel a vehicle in the opposite direction 

· d(mv)/dt = v(dm/dt) + m(dv/dt)

The first part of above equation is thrust and the second is Delta-V.

Delta-v is a measure used in astrodynamics to describe the amount of "effort" needed to carry out an orbital maneuver; to change from one orbit to another.
In the absence of an atmosphere and landings where the ground is hit with some speed, the delta-v is the same for changes in orbit the other way around: gaining and losing speed cost an equal effort.

Lowering Delta-V requirements is one of the most important considerations for space or satellite launching requirements because less delta-v requirements imply less thrust is needed implying less fuel at take off which means more useful payload per unit fuel.

Least Energy Transfers :

· Launch site and direction of launch

· Interplanetary Superhighway

· Hoffman Energy Transfers

· Gravitational Slingshot

Launch from Equator:
If a spacecraft is launched from a site near Earth's equator, it can take optimum advantage of the Earth's substantial rotational speed. Sitting on the launch pad near the equator, it is already moving at a speed of over 1650 km per hour relative to Earth's center. This can be applied to the speed required to orbit the Earth (approximately 28,000 km per hour). Compared to a launch far from the equator, the equator-launched vehicle would need less propellant, or a given vehicle can launch a more massive spacecraft. 

For interplanetary launches, the vehicle will have to take advantage of Earth's orbital motion as well, to accommodate the limited energy available from today's launch vehicles. In the diagram below, the launch vehicle is accelerating generally in the direction of the Earth's orbital motion (in addition to using Earth's rotational speed), which has an average velocity of approximately 100,000 km per hour along its orbital path. 


Interplanetary Superhighway
They are probably the lowest energy transfers, even lower than the common Hohmann transfer orbit 
It is based around a series of orbital paths leading to and from the unstable orbits around the Lagrange points In celestial mechanics, the Lagrangian points, (also Lagrange point, L-point, or libration point) are the five solutions of the restricted three-body problem. i.e. given two massive bodies orbiting around each other, there are five positions in space where a third body, of negligible mass, could be placed which would then maintain its position relative to the two massive bodies. As seen in a frame of reference which rotates with the same period as the two co-orbiting bodies, the gravitational fields of two massive bodies combined with the centrifugal force are in balance at the Lagrangian points, allowing the third body to be stationary relative to the first two bodies.

There are a number of Lagrangian points around the Earth, created by the balance of forces between the Earth, Moon and Sun. For instance, the L1 point lies at the point between the Earth and Moon where the gravity of the two balances. 

Although the forces balance at these points, they are not stable equilibrium points. If a spacecraft placed at the L1 point is given even a slight nudge, towards the Moon for instance, the Moon's gravity will now be greater and the spacecraft will be pulled away from the L1 point. However the entire system is in motion, so the spacecraft will not actually hit the Moon, but travel in a winding path off into space. There is, however, a semi-stable orbit circling all of these points. The orbit for two of the points, L4 and L5, is stable, but the orbits for L1 through L3 is stable only on the order of months. 

The key to the Interplanetary Superhighway was investigating the exact nature of these winding paths near the points. They were first investigated by Jules-Henri Poincaré  in the 1890s, and he noticed that the paths leading to and from any of these points would almost always settle, for a time, on the orbit around it. There are in fact an infinite number of paths taking you to the point and back away from it, and all of them require no energy to reach. When plotted, they form a tube with the orbit around the point at one end. 
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As it turns out, it is very easy to transit from a path leading to the point to one leading back out. This makes sense, since the orbit is unstable which implies you'll eventually end up on one of the outbound paths after spending no energy at all. However, with careful calculation you can pick which outbound path you want. This turned out to be quite exciting, because many of these paths lead right by some interesting points in space, like Mars. That means that for the cost of getting to the Earth-Sun L2 point (Lagrange points exist for all bodies in orbit of each other, Earth-Moon, Earth-Sun, Mars-Sun etc.) which is rather low, one can travel to a huge number of very interesting points, almost for free. 

The transfers are so low-energy that they make travel to almost any point in the solar system possible. On the downside, these transfers are very slow, and only useful for automated probes. Nevertheless, they have already been used to transfer spacecraft out of the Earth-Sun L1 point, a useful point for studying the Sun that was used in a number of recent missions
Hoffman Transfer: 
 First proposed in 1925 by German scientist Walter Hohmann

 Hohmann transfer orbit is one half of an elliptic orbit that touches both the orbit that one wishes to leave and the orbit that one wishes to reach. The transfer is initiated by firing the spacecraft's engine in order to accelerate it so that it will follow the required elliptical orbit. When the spacecraft has reached its destination orbit, it has slowed down to a speed not only lower than the speed in the original circular orbit, but even lower than required for the new circular orbit; the engine is fired again to accelerate it again, to that required speed  

Example :

The things discussed here are 

1. Shape of the orbit needed. 

2. Time of flight to the planet. 

3. Determine the time when the space probe must be launched. 

The diagram shows the geometry of the orbits in our example. The orbit of the space probe must have perihelion at the Earth's Orbit and aphelion at the orbit of the target planet. This allows us to determine the shape and the semi-major axis of the orbit
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Let's use the example of sending a probe to Mars. 

· rperihelion= Earth orbital radius = 1 AU 

· raphelion= Mars orbital radius = 1.524 AU 

· a = semimajor axis of probe orbit = (rperihelion+ raphelion)/2
a = (1 + 1.524)/2 = 1.262 AU 

· The eccentricity of the transfer orbit is found from the fact that
r(perihelion) = a (1 - e)
eccentricity = e = 1 - rperihelion/a = 1 - 1/1.262 = 0.208 

· Using Kepler's third law to determine the orbital period, P.
P2 = a3
period = (1.262)3/2 = 1.418 years = 518 days 

· Since the probe takes half of a period to get to Mars, the time of flight is 259 days or 0.709 years. 

· This means that the probe must be launched 261 days before Mars is at its position in its orbit where the probe will intercept Mars. Mars' orbital period is (1.524)3/2 = 1.88 years and it will move 136 degrees in its orbit during the probe's trip to Mars. Of course the Earth will have moved 0.709*360 = 255 degrees in its orbit during this time.

When should the launch take place? At the time of launch Mars must be (180-136)=44 degrees greater heliocentric longitude than the Earth.

· The relative rate of motion is needed to determine how long it takes Earth to make up 

· those 44 degrees and be at opposition with Mars. 

· The Earth moves in its orbit at 360/365.25 = 0.986 degrees/day 

· Mars' orbital period is 1.88 times that of the Earth so Mars move slower and at a rate of 1/188*(0.986) = 0.524 degrees/day 

· The difference in these two rates is 0.986-0.524 = 0.462 degrees/day 

· This means that Earth will catch up to Mars in (44 deg)/(0.462 deg/day) = 96 days 

· The launch should take place 96 day before opposition with Mars.

The Earth is already going at 29.7 km/s in its orbit and so provides part of the speed needed. This is the reason the probe is put into orbit in the counter clockwise direction : the same direction that the Earth and Mars are going around the Sun. 
At What Speed Should the Space Probe be Launched from Earth Orbit? 

· We must use Kepler's second law to be able to calculate this quantity. In general terms it is not easy to express this law quantitatively. However, at perihelion and aphelion, it is easy. 

· The relative velocities are inversely proportion to the respective distances from the sun. 
rperihelionvperihelion = raphelionvaphelion
· The two velocities are given as: 

                          vperihelion = vcircular[(1+e)/(1-e)]1/2 

vaphelion = vcircular[(1-e)/(1-e)]1/2 
· The circular velocity is the average velocity in orbit = 2a/P
where P = period of the orbit 

· The Space Probe's circular velocity = 2*(3.1416)*(1.262AU)/(1.418 years) = 5.59 AU/yr 

· Orbital velocities are usually expressed in kilometers/second. 
The conversion constant is 4.73 km/s per AU/yr. 

· v(perihelion) = 5.59*4.73*[(1+0.208)/(1-0.208)]1/2 = 32.7 km/s 

· Since the Earth is moving at 29.7 km/s in its orbit, the velocity of the probe must be increased by 3.0 km/s relative to the Earth. (This ignores the pull of the Earth's gravity and is true when the probe is outside the influence of Earth's gravity) 

· What speed will the space probe have at Mars? 
Following the calculations above, the spacecraft’s speed must be lowered by about 2.7 km/s to force it into a Martian orbit.
Gravitational Assist Trajectories:
A gravitational slingshot is the use of the motion of a planet to alter the path and speed of an interplanetary spacecraft. It is a commonly used maneuver for visiting the outer planets which would otherwise be prohibitively expensive, if not impossible, to reach with current technologies
        It was first suggested by Italian born American Scientist   Giuseppe 'Bepi' Colombo.  

Consider a spacecraft on a trajectory that will take it close to a planet, say Jupiter.

 As the spacecraft approaches the planet, Jupiter's gravity will pull on the spacecraft, speeding it up. After passing the planet, the gravity will continue pulling on the spacecraft, slowing it down. The net effect on the speed is zero, although the direction may have changed in the process. 

So where is the slingshot? The key is to remember that the planets are not standing still, they are moving in their orbits around the Sun .Thus while the speed of the spacecraft has remained the same as measured with reference to Jupiter, the initial and final speeds may be quite different as measured in the Sun's frame of reference. Depending on the direction of the outbound leg of the trajectory, the spacecraft can gain a significant fraction of the orbital speed of the planet.

Consider conservation of angular momentum .
 mΔv=MΔV
 Any spacecraft-planet interaction (takeoff, landing, crash, flyby) conserves momentum, when the planet's velocity-change is equal to that of the spacecraft multiplied by (spacecraft mass)/(planet mass). 

This mass ratio involves typically well over 20 powers of ten, and therefore to 20 or more figures, the planet's velocity is unchanged. 

So the spacecraft's speed may change by several km/sec while a typical planetary speed-change is an atom-width per year. No wonder that Jupiter is unaffected by a flyby! 

The gravitational interaction conserves energy, too. This means that the passing spacecraft's distant-approach and distant-departure kinetic energies (and hence speeds) are the same relative to the planet. 

That is, relative to the planet the craft's distant-velocity vectors have the same length -- gravity simply rotates their directions.

In the frame where the planet is moving steadily, this is acceleration. 
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At upper right the diagram shows the path of a spacecraft aimed behind a planet moving with effectively constant velocity V.

The spacecraft's outgoing speed |vf| is greater than its incoming speed |vi|. 

This is demonstrated  in the addition triangles for the velocity vectors. The spacecraft's distant velocities relative to the planet (depicted by dashed lines) are the same length but rotated as arrowed. 

Evidently the gravitational pull aligns the spacecraft's motion more closely with that of the planet and it is swept along, gaining speed. 


[image: image3.emf] 
The spacecraft enters the sphere of influence of the planet at a speed of U+v with respect to the planet and leaves at U+v as well but since the planet itself is moving it now has a velocity of 2U+v in the heliocentric frame. This is case when anle of incidence is 90 degrees for lesser angles the aircraft is going to gain less speed. Similarly if it approaches from behind the planet with a speed v, v>U then its speed in planet centric system is v-U and as it leaves it will have the same speed but with respect to the Sun its speed is now v-2U. So it loses speed if it approaches in from of the spacecraft.


 
The cartoon involves a moving railroad train that represents Jupiter, moving along its track about the Sun. The kid in the propeller beanie throws a tennis ball that represents a spacecraft. It encounters the train, which transfers its momentum into the ball. 
 The propeller-beanie kid sees his tennis ball moving away from him at 30 miles per hour. So does the Sun, standing on the stationary platform. The engineer driving the train sees the ball coming at about 80 MPH, since the train is moving 50 MPH with respect to the ground. The train and ball interact at 80 MPH. The ball rebounds from the front of the train at nearly the same 80 MPH, which can be added to the 50 MPH speed of the train, because it acquired it from the train. The result approaches a total of 130 MPH. This scenario is analogous the velocity of a spacecraft being added to the velocity of the massive speeding planet, and "rebounding" with a higher velocity still (although the spacecraft's "rebound" is a gravitational, rather than a mechanical, interaction) .
Some Examples of Spacecraft that used Gravitational assist:
· Messenger is expected to reach Mercury by 2011.It will fly once past Earth, twice past Venus and three times past Mercury for gravity assists — and make 15 loops around the sun — before slowing enough to slip into orbit around Mercury .

· Voyger 1 and Voyager 2.
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Voyager 2 leaves Earth at about 36 km/s relative to the sun. Climbing out, it loses much of the initial velocity the launch vehicle provided. Nearing Jupiter, its speed is increased by the planet's gravity, and the spacecraft's velocity exceeds solar system escape velocity. Voyager departs Jupiter with more sun-relative velocity than it had on arrival. The same is seen at Saturn and Uranus. The Neptune flyby design put Voyager close by Neptune's moon Triton rather than attain more speed.

· Ulysses was a ESA mission to study the polar regions of the Sun and since the earth orbits around the sun in the ecliptic plane the spacecraft on launch had a ecliptic orbit. It would have been prohibitively expensive to give the rocket enough delta-v to put it in a polar orbit around the sun. It used gravity assist from Jupiter to change it’s orbit to a polar orbit from ecliptic orbit

· Cassini was a space probe sent to study Saturn. 
· 
[image: image7]
. Animation of Cassini and Ulysses can be found on this link.

http://www.esa.int/esaCP/SEMXLE0P4HD_index_0.html
Limits on Chemical Rockets 

Chemical rockets will never be practical for interstellar travel because a limiting process prevents them from reaching very high speeds: Achieving higher speeds requires more fuel, but the added weight of additional fuel makes it more difficult to increase the rocket's speed. Detailed calculations of this limiting process show that chemical rockets, even as propulsion systems for relatively small robotic spacecraft, cannot exceed speeds of about 0.001c—in which case the journey to Alpha Centauri would take more than 4,000 years. For the much larger starships needed to support human crews, chemical rockets are completely out of the question
Futuristic Space Vehicles
· Nuclear Propulsion

· Project Orion

· Project Daedalus

· Project Prometheus

· Matter-Antimatter Engines

· Solar Sails and beamed energy propulsion

· Interstellar Ramjets

Nuclear Rocket Propulsion 

Rockets would be far more powerful if their engines used nuclear power rather than chemical power. Nuclear reactions generate far more power than chemical reactions because they convert some of the mass in atomic nuclei into energy in accord with E = mc 2. Fusing a kilogram of hydrogen, generates more than a million times more energy than chemical reactions in a kilogram of hydrogen and oxygen. 
Project Orion

It envisions the explosions taking place a few tens of meters behind the space ship . Project Orion lasted from 1958 to 1965 and involved about 40 engineers and scientists. The vaporized debris from each explosion would impact a "pusher plate" on the back of the spacecraft, propelling the ship forward. In principle, we could build an Orion spacecraft with existing technology, although it would be very expensive and would require an exception to the international treaty banning nuclear detonations in space.


[image: image8]
Project Daedalus
It was designed in the 1970s by members of the British Interplanetary Society. It  relies on generation of a continuous stream of energy from an on-board controlled nuclear fusion reactor . Because we have not yet achieved controlled nuclear fusion , Daedalus remains beyond our current technological capabilities.
Fusion-powered starships such as Orion or Daedalus could probably achieve speeds of about 10% of the speed of light, completing journeys to nearby stars in a few decades. Such speeds are certainly sufficient for sending colonists on one-way voyages, particularly if the crew can be put into some sort of hibernation that prevents them from aging during the trip.


[image: image9]
Project Prometheus 
Project Prometheus is a nuclear-powered propulsion system tripling the speed of current space travel. This theoretically makes it possible for humans to reach Mars in as little as two months as opposed to at least six months for traditional chemical boosters.

[image: image10]
Matter–Antimatter Rocket Engines 

In principle, there is an even more powerful energy source for rocket engines than fusion: matter–antimatter annihilation. Whereas fusion converts less than 1% of the mass of atomic nuclei into energy, matter–antimatter annihilation converts all the annihilated mass into energy. Starships with matter–antimatter engines could probably reach 90% or more of the speed of light. At these speeds, the slowing of time predicted by relativity becomes noticeable, putting many nearby stars within a few years' journey for the crew members.

However, while matter–antimatter engines may someday be the propulsion systems of choice for starships, this technology appears to be far in the future. The two major technological challenges to developing matter–antimatter engines are finding a way to produce sufficient quantities of antimatter to be used in the engines and finding a way to safely store the antimatter until it is needed.

 Neither challenge seems likely to be met soon. At present, we can produce antimatter only in huge particle accelerators that cost billions of dollars to build and require enormous amounts of energy to operate. With present technology, making just a single kilogram of antimatter would take more energy than the current annual energy use of all of humanity. Moreover, even if we could produce the antimatter, we do not yet have the technology to store it safely. We could not put it in a normal container, because it would instantly annihilate with the matter in the container walls. We could potentially use a magnetic container—which uses magnetic fields to keep charged particles confined inside—but the container would have to be completely empty of ordinary matter in order to prevent annihilation.

Sails and Beamed Energy Propulsion 
In principle, spacecraft with large, lightweight sails could be propelled by the solar wind and the radiation pressure of sunlight. Solar sailing may well prove to be a fairly inexpensive way of navigating within the solar system . Surprisingly, it may even be useful for interstellar travel. Energy flowing from the Sun would give an optimally designed sailing starship a small but continuous acceleration as it headed out of the solar system. By the time the ship reached the distance at which the solar wind could no longer provide acceleration, it might already be traveling at speeds of a few percent of the speed of light. 

We might achieve even higher velocities by shining powerful lasers at the spacecraft sails. Such beamed energy propulsion theoretically could accelerate ships to substantial fractions of the speed of light—but only if we could build enormous lasers. For example, accelerating a ship to half the speed of light within a few years would require a laser that uses 1,000 times more power than all current human power consumption. As a result, starships propelled by beamed energy probably remain far in the future. (Another challenge for beamed energy propulsion is figuring out how to slow down the ship when it reaches its destination.)
 This has already been used to send a probe to a comet by the European Space Agency.

[image: image11]
 Artist's conception of a spaceship propelled by a solar sail, shown as it approaches a forming planet in a young solar system. The sail is many kilometers across; the scientific payload is at the central meeting point of the four scaffold like structures. 

.
Interstellar Ramjets 

All the propulsion systems we've discussed so far have limited capabilities: Rockets can carry only a limited amount of fuel no matter what their fuel source, and beamed energy becomes too weak to accelerate starships when they get very far from home. One way around these difficulties would be to build a starship that collects fuel as it goes, using a giant scoop to gather interstellar hydrogen as fuel for a fusion engine. Such ships are known as interstellar ramjets , in principle, they can accelerate continuously by collecting and using fuel continuously.
Imagine an interstellar ramjet that accelerates at 1g for half the voyage to its destination and then turns around and decelerates at 1g until it arrives. The crew would find the trip quite comfortable, experiencing Earth-like gravity the entire way. During most of the journey, the ship would be traveling relative to Earth (and its destination) at a speed very close to the speed of light, so time on the ship would pass very slowly compared to time on Earth. Longer trips would mean reaching top speeds closer to the speed of light and therefore more extreme effects on time. For example, such a ship could make a trip to a star 500 light-years away in only about 12 years of ship time.  It could travel the 28,000 light-years to the center of the Milky Way Galaxy, in only about 21 years of ship time. It could make the trip to a star system in the Andromeda Galaxy in only about 29 years of ship time. Thus, the crew could travel to the Andromeda Galaxy, spend 2 years studying one of its star systems and taking pictures of the Milky Way Galaxy to bring home, and return in just 60 years of ship time. However, because the Andromeda Galaxy is about 2.5 million light-years away, the crew would find that about 5 million years had passed on Earth by the time they returned home.


[image: image12]
Artist's conception of a spaceship powered by an interstellar ramjet. The giant scoop in the front (left) collects interstellar hydrogen for use as fusion fuel.

Conclusions
I hope one day space travel becomes economically possible for the masses just as air travel is today.

Eventually humans will have to colonize other parts of the galaxy so finding a cheap and fast source of space travel is of paramount importance in the long term.
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