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Interstellar Travel


Science fiction envisions man's ultimate destiny as conquest of the stars, the taming of the greatest frontier we can imagine. As a practical matter, interstellar travel is fraught with obstacles physical, technological, and biological. For now and for any realistic future we can foresee, interstellar travel will remain the domain of science fiction and theory.

Physical


Speed of Light

The scientifically accepted figure of the speed of light is 186,000 miles per second (Clarke 292). It takes 7 minutes for the light of the Sun to reach Earth, and 4 years for the light of the next closest star to reach us. Scientists use the term light-years as a measure of this distance - almost 6 quadrillion miles. In essence, looking out into space is to look back in time. The farther we look, the older the light. A research study using the Hubble Telescope has observed the light estimated to be 15 billion light-years away and nearly as old as the universe itself (Spaceref).


According to Einstein's Theory of Relativity, the faster an object goes, the more massive it becomes, and the more energy it requires to accelerate. These two grow off each other until the point it becomes impossible to provide enough energy to push the object any faster. Even at half the speed of light, the ship is one and a half times more massive than at rest. (Pop. Sci. 54) So, theoretically it's impossible to reach or exceed the speed of light and unlike trying to break the sound barrier the problem cannot be solved by attaching bigger and better engines to our vehicles.


A generally accepted minimum speed for potential interstellar flights is about 10 percent of the speed of light (18,600 miles per second); any slower and the amount of time needed to travel to other stars is just too great. Theoretically this can be easily reached, so a trip to the nearest other star, Alpha Centauri, would take only 43 years. Unfortunately, acceleration and deceleration must be factored in, lengthening this trip by several hundred years. In comparison, the space probe Voyager 1 is leaving the solar system at a rate of just less than 9 miles a second and still has taken 20 years to leave the solar system.


Energy Requirements 

Today's rockets are all based on the same technology used by the Germans in their V1 and V2 rocket bombs from the second World War. Chemicals either liquid or solid are crammed through a small nozzle and ignited under very high pressure and temperature. As the chemicals combust in what is little more than a controlled explosion, the hot exhaust they create is expelled with enough force to push the rockets up against earth's gravity. This is risky business, as America learned with the explosion of the Challenger Space Shuttle in 1986. America has had much more success with these rockets than the former Soviet Union, however. Their efforts to put a man on the moon ended when two their vehicles (equivalent to our Saturn V rocket) blew up. One on the launch pad and one several miles up (Secrets).


Chemical propulsion puts out a massive amount of thrust but only for a very short period of time and Because the acceleration needed in an interstellar voyage would need to be maintained constantly for many years and not just minutes, so different energy sources must be put to use. As an example, propelling a vehicle the size of the Space Shuttle from Earth to Alpha Centauri would require more chemical fuel than all the matter in the entire universe. Fusion power may be a good option as it is long-lasting and works on small amounts of matter, but the efficiency with which it can be converted into thrust will have to be increased dramatically (3% now to 98% in the future) (Leifer 95). This will be discussed further in the section on engine designs, since they along with speed are the chief variable when in comes to energy requirements. 


Time Requirements


As discussed above, the distances involved in interstellar travel quickly become almost unimaginable. "Travel to the stars is not difficult if you're in no particular hurry", Arthur C. Clarke mentions in his non-fiction guide to space flight “Promise of Space”. In this case, no particular hurry means on the order of millions of years. To reach the equivalent distance to the nearest star system, the Voyager 1 probe will have to travel for another 74,000 years at its current speed. (Pop. Sci. 52)


On the other hand, another quirk of the theory of relativity predicts that if a crew was to go to another star at nearly the speed of light, actual time for them would slow exponentially. If they spent what they perceived as a handful of years en route and back and that speed, hundreds would pass here on Earth. (Clarke 296) However, since it is unlikely we will ever reach speeds where this becomes a problem we are more likely to be faced by the problems of voyages that last much longer than a human lifetime.


Another issue with time is the problem of communication. If we were to colonize a star system only 100 light-years away it would taken a century to simply notify Earth that the settlers had arrived successfully and century more for the 'congratulations' to be received. Needless to say, this restricts useful communication quite a bit. Two-way conversation would be rendered completely impossible and one-way would be simply snapshots of a culture a century younger. The two cultures would be completely disparate and we can see that unless someone can bend the rules of space-time, a 'Federation of Planets' a la ‘Star Trek’ would be laughable. Time restrictions aside, sending and receiving signals is a monumental undertaking in itself. Massive arrays of receiving arrays would be necessary in addition to transmitters with energy requirements that rise to levels beyond the output of our entire civilization.


Space Dangers

Interstellar space is a near vacuum, devoid of basically any particles. Asteroids, comets, and space debris are not much of an issue, but the particles that do exist (mainly radiation and rogue gas particles) are a hurdle in and of themselves. The surface of any spacecraft going even a tenth the speed of light becomes a particle collider and would quickly be shredded by even the smallest, lightest particles or gas molecules. One suggested method of deflecting these particles would be to have a laser lock on and blast them out of the way. Do to this on a molecular level is far beyond our technological abilities. 

Technological


Engine Designs 


The issue of propulsion is one of the biggest aspects of interstellar travel and probably the most difficult problem to overcome. Chemical propulsion, like our current rockets, is out of the question as discussed above. There has been no shortage of theoretical or practical designs, however. 


In science fiction, the most prevalent flavor of propulsion is faster-than-light (or FTL). Without it, the time restrictions of light speed become too insurmountable for popular visions of the future like Star Wars and Star Trek to exist. While hyperspace and warp speed are more appealing than the thought of decades or centuries in transit, they remain little more than fiction. Until the point we discover how to manipulate the fabric of space and time, we are stuck with more realistic forms of propulsion. 


One promising option, fusion power, can be utilized in several different ways. First, an engine could use the byproducts of the fusion process (particles moving at near light speed) as exhaust, an illustration of which would be throwing bricks off the back of a wagon to get it to move forward. Another less efficient but more realistic method is to use the fusion process to heat and expel a propellant. The downside of this is that it requires massive amounts of propellant and pushes at a slow velocity (.1 – 1% the speed of light). Of course, fusion technology must be perfected. This should not be expected within a half a century or so.  (Pop. Sci. 52)


A more peculiar and seemingly impractical option is a ‘light sail’ or ‘beamed energy’ drive, where a huge dish attached to the spacecraft is used quite literally as a sail. A large laser on Earth would be aimed at the spacecraft, and the photons of light that bounce off it would be enough to provide thrust. This thrust is almost totally imperceptible, but it would provide enough constant acceleration that high speeds could be attained. Another related design would send streams of charged particles (a ‘particle beam’) to push the spacecraft. This would not require as large a sail as the light-based design. (Spaceref.com Candidate)


Many other options have been proposed, from a ship that would scoop up interstellar hydrogen for propulsion with a dish hundreds of kilometers wide (the Bussard ramjet) to a drive that would use the annihilation of antimatter for thrust. (Leifer 95) One technology that is used now on a working probe is an ion drive. While it sounds futuristic, it simply throws charged particles out the back using little propellant. The acceleration is very, very small, though. These and hybrid varieties of the engines described above, as far out as they sound, are a good sampling of our current theoretical methods of interstellar propulsion. 


Vehicle Designs

Vehicle design is an area closely related to engine design. If we were to build a light-sail ship, we are not going to be able to burden it with thousands of tons of payload. If we were to build the Bussard ramjet, the drive itself will require an immense collector dish and combustion system, making up a large percentage of the ship. Vehicle designs are also dictated by time requirements. If we’re going to spend 5 years in transit, a crew will have little trouble surviving in relatively small area. If we’re going to be spending 500 years in transit, the space requirements change a little. Since biological issues also need to be accommodated by the vehicle design, various vehicle options will be discussed under the human limitation section. 


The problem of vehicle construction falls under this section as well, and it is no small hurdle to overcome. The price of getting one pound of material into orbit right now is $25,000 a pound, and many projects that would reduce this cost have been cut by the government. (Spaceref Return) Even today, it would be impossible to duplicate the Apollo moon landings because the aerospace infrastructure does not exist. (Secrets) Costs for many of the more ambitious missions would bankrupt most of the world’s countries, even if an international consortium strong enough to complete a project of this magnitude could be created. (Macvey 13) Compound this with NASA’s recent probe failings and consistently shrinking budget and it becomes obvious that interstellar flight, even if the blueprints and people were ready to fly tomorrow, is an unrealistic dream.


Closed Systems

In order to support life, space vehicle must reliably and effectively reuse all the materials they can; unlike earth, trash cannot be wasted. Methods of food production and waste recycling have to be implemented and are a serious technological hurdle. Attempts have been made to operate closed systems on Earth, like the Biosphere 2 project where a group of scientists were locked into a giant greenhouse for several months. They have met with only modest success, but methods are improving through horticulture engineering and technology improvements. (Spaceref Biosphere) 

Biological



Human Limitations

“Interstellar flight is not an engineering problem, but a medical one.” Arthur C. Clarke writes, and in spite of all the technological hurdle we face, this is still true. We can built machines to go to the stars, but we cannot readily engineer ourselves likewise. A fast trip to the stars (near light speed) would crush a human body under the acceleration under up to 1,000 times normal gravity. We could slow the acceleration to tolerances we can withstand, but that would make it a very slow trip. In the case of a slow trip, we would have to spent hundreds or thousands of years in some form of stasis or actively raise new generations of humans onboard the vehicle. However, any form of long-term freezing, dehydration or otherwise suspension of cellular activity causes damage, cryogenics or hibernation are not a viable option for the human body.  (Macvey 185).


The idea of a generation ship or ‘world ship’ has been often explored in science fiction, but it too poses large engineering and social problems. The recycling systems on this ship would have to be extremely efficient as any loss of usable material could spell disaster over the very long term. Populations for healthy reproduction would need to be large, as would the vessel, compounding engineering problems. Historically people don’t always get along and different ideologies would emerge. How would internal conflicts affect the operation or journey of the ship? For now, the design is fraught with problems and simple unknowns. (Clarke 293).


One method Clarke proposes in his book and has explored in novels is that of a courier ship, a vessel that transports frozen human sperm and eggs and fertilizes them upon reaching the destination. Since these simple cells can withstand great acceleration forces and require little in the way of living space or recycling systems, the design would be fairly simple. This approach also carries some caveats, though. How would an entire generation of humans survive with no parental guidance? Surely they would be taken care of by automated systems, robots, droids, or holographic ‘parents’, but can these really substitute for flesh-and-blood experience? What psychological problems could this create? What kind of culture would this give rise to? Much like the other options, it’s a mixed bag.


Other Life

When it comes to interstellar flight, this question is high on the list. If we are to survive on other planets, life must also exist there. This is not a question of finding E.T. or little gray aliens: the atmosphere we breath today is the result of bacteria releasing oxygen trapped in compounds over very long periods.  Despite the recent reports of bacterium found on a meteorite from Mars, the question of life elsewhere is still hotly debated. Some see it as unthinkable that we could be the only living things in the universe, but others are not so sure. By some calculations, there could be 60,000 advanced civilizations in our galaxy alone but we have yet to see any evidence of any. (Macvey 33)

Also, the task of locating these human-friendly planets is truly monumental because the range of planets we can survive on is so narrow (earthlike gravity, mass, day length, atmosphere, temperature, long periods of life). Planet-sensing techniques and methods must improve by huge leaps before we can even sense Earth-sized bodies, even more if we are to determine whether or not they have a usable atmosphere. 

Conclusion


After 50 years of space flight, we have just begun to crawl. Mankind is innately curious and adventuresome, and we can expect of our species that we will move outwards and settle locales other than Earth. For now, the challenges are basically insurmountable – the nature of the universe itself is one impediment, besides our frailties as living creatures and the limitations of our technology.  
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