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Introduction


If you are reading this, you probably don’t need persuading that space exploration is one of the most interesting and exciting prospects facing the human race. Very large space-based instruments and long-distance robotic probes hold the keys to answering the question of whether we are the only intelligent life in the universe, which in turn is a vital part of the quest to understand our place in the overall scheme of things. Investigation of other planets should enable a far better understanding of how life evolved on our home planet. Resources from space, probably starting with collecting solar power from large satellites and mining asteroids, should help to relieve the human pressure on planet Earth. Human visits to nearby planets and their moons should add insights that we cannot gain from robots.


You are probably also feeling frustrated and puzzled. What happened to the plans for lunar and Mars explorations that were promised in the heady pioneering days of the 1960s? Stanley Kubrick’s film, 2001: A Space Odyssey, inspired by the work of Arthur C. Clarke, became the highest grossing picture from 1968 in the USA. It includes a human visit to Jupiter and, such was the rate of progress at the time, was widely thought to be a plausible indication of what might actually happen by 2001. Inspired by the public reaction to this film, Pan Am and Thomas Cook began registers of names for those interested in lunar tourism. In its heyday, the list numbered nearly 93,000. Yet nothing remotely comparable has happened or is even planned. Why, more than 40 years after a man last stepped foot on the moon in 1972, is there no coherent scheme for setting up a lunar base? How can it be that, more than 50 years after the first man visited space in 1961, it still costs tens of millions of dollars to send someone to orbit? How do the new commercial space activities, such as Richard Branson’s Virgin Galactic, fit in with NASA and other space agency plans?


This book attempts to answer these questions and to derive a roadmap for speeding up space exploration at affordable cost. A major conclusion is that the biggest obstacle is the entrenched habits of thinking of NASA and the other large space agencies. In this situation, an open debate on the way ahead for space would benefit us all, and the more people who understand the basics of space exploration the better. This book aims to help with this process. The rest of this Introduction surveys the main issues and serves as a synopsis for the remaining chapters.


Until quite recently, there was optimism that we would soon have a lunar base that would be followed by human visits to Mars. This optimism was carried forward on the momentum generated in the 1960s by the race to the Moon between the Soviet Union and the USA. One of the greatest technical feats in human history (if not the greatest) was NASA’s Apollo project that put 12 men on the moon between 1969 and 1972 and got them all back safely. However, this achievement was motivated more by the politics of the Cold War than by any altruistic desire to explore space. With the Cold War over, budgets are no longer adequate for a serious space exploration programme along the old lines. The remains of Apollo on Earth are museum pieces. The remains on the Moon are among the first examples of extra-terrestrial industrial archaeology. (Although you will have to wait a few years for the guided tour!) There are no funded replacements in sight.


During the Cold War, achievement was far more important than cost. It was therefore considered acceptable to carry on using launchers that could fly once only. This followed on from the use of converted ballistic missiles for pioneering spaceflights. This habit has continued ever since, and is the primary cause of the high cost and risk of space transportation. Motoring would be a very niche activity if cars were scrapped after every journey.


Clearly, high cost is the major impediment to an expanded space exploration programme. But none of the major space agencies has firm plans to reduce cost significantly.


However, there is a new way ahead, based on a commercial rather than a big government approach to space exploration. A recent example is the setting up of Planetary Resources, a company based in Bellevue, Washington, USA, to use robotic spacecraft to prospect asteroids for precious materials such as platinum. This may seem like science fiction until you look at the names of the founders and advisors. Larry Page is the founder of Google. James Cameron directed the Titanic (1997) blockbuster film. Eric Anderson started the Space Adventures company, which has arranged for seven private citizens (as of November 2012) to visit the International Space Station (ISS) on Russian rockets. Peter Diamandis founded the X-Prize, which led to the first privately funded vehicle reaching space height in 2004 (the SpaceShipOne (SS1) built by Burt Rutan’s Scaled Composites company). Prior to that, Diamandis had been the prime mover of setting up the International Space University.


Another ‘new space’ venture is Richard Branson’s Virgin Galactic, which plans to carry the first passengers on brief space experience flights in 2014 or 2015. The chosen vehicle is SpaceShipTwo (SS2), which is an enlarged and improved version of SS1.


Several other private companies are planning vehicles to carry people to space, and one of them, SpaceX, has developed rockets at much reduced costs. They have started to demonstrate the technology for a reusable rocket. They made history in May 2012, when a Falcon 9 became the first privately funded launcher to send a module – a Dragon capsule also built by SpaceX – to the ISS and back. The expression ‘the new space movement’ is being used to describe these private sector activities.


This is not the place to comment on the prospects for these specific ventures, except to say that someone, some day, will make a commercial success of mining asteroids, carrying passengers to space, and building reusable launchers. The main point for now is that these ‘new space’ entrepreneurs all have a strong incentive to reduce greatly the cost of access to space – far more so than the established government space agencies, which survive well enough on the status quo. If these low costs can be achieved, they will in turn enable a rapid acceleration of space exploration, including a lunar base and visits to Mars.


However, the various new space companies are all pursuing different technical solutions, and the big government agencies such as NASA are not taking these ventures into account when planning future space exploration. So, at present, there is no consensus on a roadmap for opening up spaceflight to business, individuals, and expanded exploration. However, back in the 1960s, there was indeed a consensus on how to build reusable rockets that would reduce greatly the cost of spaceflight. My first job was working on one of these projects. At the time, there was agreement that fully reusable launchers like aeroplanes (spaceplanes) were the obvious next step and that they were just about feasible with the technology of the time. Spaceplanes are like aeroplanes in engineering essentials. If they had been built, they would have introduced an aviation approach (technology and mindset) to replace the missile culture then prevailing. However, spaceplanes have still to enter service, and the 1960s ideas have been largely forgotten or overlooked.


This book considers present government plans, private sector space plans, and the 1960s consensus to see if a roadmap can be found that could provide greatly reduced cost of access to space reasonably soon, leading to a new space age. The conclusion is that there is such a roadmap and that costs can be slashed soon using more or less existing technology and on a modest budget.


Chapter 2 presents a snapshot of present space activities. Despite their high costs, satellites have transformed astronomy, Earth science (including meteorology and environmental science), navigation, and communications. However, high cost remains the major barrier to expanded space exploration and new commercial activities.


Chapter 3 presents a brief history of launch vehicles to explain how our present situation arose. Spaceplanes were widely considered feasible in the 1960s but were not built then because of Cold War pressures. They were seen as the obvious way to reduce launch costs. The decision in the late 1970s to build the Space Shuttle as not fully reusable has held up low-cost access to space by 30 years and counting. The habit of throwing away a launcher each time it was used then became so entrenched that the large space agencies like NASA have never given serious consideration to spaceplanes that do not require advanced technology. Chapter 3 then presents a snapshot of present plans by governments and the private sector’s new space movement. NASA is still planning large new expendable launchers. The private sector is developing some spaceplanes and will almost certainly achieve the desired cost breakthrough eventually. Nevertheless, as explained later in Chapter 12, this could be achieved far sooner and at less cost by resurrecting 1960s designs. Chapter 3 also tries to explain the reluctance of space agencies today to take spaceplanes seriously.


Chapter 4 describes the design problem that most differentiates launchers from other vehicles, and how the cost of sending people to space can be reduced by roughly 1000 times by introducing spaceplanes based on 1960s projects. The result would be nothing less than a revolution in spaceflight.


Chapter 5 compares the potential revolution in spaceflight with previous revolutions in land and air transport, brought about by the invention of the steam locomotive and aeroplane respectively.


Chapter 6 presents a brief description of the ‘new space age’, following the revolution. There will be a new golden age of space science and exploration. Visits to space hotels will be affordable by middle-income people prepared to save for the trip of a lifetime. Space tourism is likely to become the first new market to generate the funding and enthusiasm needed to develop spaceplanes to their full potential.


Chapter 7 describes what a few days in a space hotel would be like. If you react like most astronauts to date, you will find it a transforming experience.


The next four chapters describe various other aspects of the spaceflight revolution. Chapter 8 considers some of the legal and regulatory matters. Chapter 9 describes the effects on the environment of low-cost access to space, which are mainly beneficial, and Chapter 10 speculates on some long-term prospects for the human race in the universe. Chapter 11 considers safety, which will become more important as larger numbers of people visit space and which will have a large influence on spaceplane design.


Chapter 12 puts it all together and presents a roadmap for developing the pivotal project for the new space age – the first orbital spaceplane – rapidly and at low cost and risk. The proposed roadmap involves rapidly developing 1960s–style spaceplanes and thereby in effect catching up with what might have been. The 1000 times cost reduction could be approached within about 15 years, if space tourism takes off rapidly enough to generate the required funding. Chapter 12 goes on to describe how you as an individual could trigger the spaceflight revolution by drawing attention to the best way ahead in a way that is likely to lead to further action. It is possible for an individual to make such a big difference because the basics were sorted out a few decades ago but have never been put into effect.


The Glossary defines some of the technical terms and acronyms used.


The emphasis throughout the book is on spaceplanes leading to revolution and a new space age. The importance of these developments is such that they are, in effect, all that matters when considering the future of space exploration at present.
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Why space?


This chapter summarizes the advantages of space as a location for science and commerce and provides a snapshot of current space activities.
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Astronomy from the surface of the Earth is limited by the atmospheric absorption of much of the radiation from galaxies, stars and planets. Figure 2.1 shows a rough plot of which parts of the radiation spectrum are most affected.


Gamma rays, X-rays, ultraviolet light, most of the infrared spectrum, and long-wave radio waves are all blocked by the atmosphere. Only radio waves at short and medium wavelengths, and some visible light, get through. That visible light is then subject to distortion from atmospheric turbulence.
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[image: image]  Figure 2.1 Atmospheric opacity. [Originated by NASA].


From pre-history until the early seventeenth century, our only available instrument for observing celestial bodies was the human eye assisted by various devices for measuring angles. Then the invention of the optical telescope provided a major boost. Radio telescopes were invented in the 1930s, and the development of radar technology in the Second World War led to rapid advances in the new science of radio astronomy. However, we were still restricted to studying the radiation that could penetrate the atmosphere.


The development of satellites finally removed this restriction and among their earliest uses was carrying telescopes to measure gamma rays, X-rays, ultraviolet light, visible light clear of atmospheric distortion, and infrared and microwave radiation. It is no exaggeration to say that these measurements have enabled a transformation of our knowledge of the universe.


Satellites are playing an increasing role in detecting planets outside our own Solar System, called extrasolar planets or exoplanets. The first was discovered in 1992, and a total of 778 such planets had been identified as of 15 June 2012. The number of known exoplanets is increasing exponentially. These recent discoveries greatly increase the number of places where it is worth our while to look for life.


Spacecraft can be used to transport robotic probes or humans to other bodies in the Solar System. There is a natural sequence in the exploration of a particular heavenly body. First, remote observation using telescopes of various kinds, both terrestrial and space-based. Second, sending probes of increasing sophistication near to the body in question, often in orbit around it, to make close-up observations and transmit the results back to Earth. Third, landing a probe on the body to investigate atmospheric and surface features, again transmitting the results back to Earth. Fourth, returning samples of atmosphere, soil, or rocks to Earth. Finally, human explorers visiting as close to the body in question as is practicable, which in many cases will not be to the surface.


We have sent close-observation probes to the Moon, Venus, Mars, Jupiter, Mercury, Saturn, Uranus, Neptune and several asteroids, comets and planetary moons. We have landed probes on the Moon, Mars, Venus, Titan (Saturn’s largest moon) and two asteroids. We have returned samples from the Moon, from the tail of one comet, and from one asteroid. In 2011, the Russian Federal Space Agency (Roscosmos) launched a mission aimed at returning a sample from one of Mars’ moons, Phobos, but the attempt failed. According to present plans, which are not yet firm, it is likely that the first sample from Mars will be returned between 2020 and 2030. So far, we have sent humans to just the Moon. This exploration using space probes has transformed our knowledge of the Solar System.


At present, the main platform for human spaceflight is the International Space Station, which is a large satellite with accommodation for up to six scientists. However, there are no firm plans for returning to the Moon.
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