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***OFF-CASE ARGS

Politics Links – Obama Good 
Solar sails would cost political capital: Democratic process, public

Gilster 7. (Nov. 15 2007. Paul—author of Centauri Dreams: Imagining and Planning Interstellar Exploration and writer about technology for 20 years. “Reflections on Space Policy in Washington” http://www.centauri-dreams.org/?p=1580)
For many people (though probably not regular Centauri Dreams readers), solar sails are purely theoretical constructs, so I was glad to hear Matloff explaining the history of the concept, dating back to 1974, when the Mariner 10′s mission to Mercury used the radiation pressure from solar photons for attitude control. That ad hoc demonstration said all that needed to be said about the utility of the momentum imparted by photons, and later missions, like the Russian Znamya reflectors or the 1996 thin film antenna unfurled from the Space Shuttle, kept the concept in play (the Znamya missions, to be sure, had their share of problems).

Louis Friedman, of course, had put huge amounts of time and effort into COSMOS-1, which would have been the first sail to go fully operational in space, but that 2005 launch failure was but a temporary setback. The Japanese had already demonstrated sail deployment in 2004 from a suborbital rocket — we’re learning how to do these things. Thinking back, too, to Dr. Friedman’s talk and the array of international missions now in the works, it’s striking that countries less concerned about democratic participation, like China, have in some ways an easier time at articulating a long-term space goal. Democracy is sprawling, messy, and it assumes the public’s support is a major factor in building space policy. Governments without elections to contend with set their own agendas.
Ponder the solar sail itself as seen through the prism of NASA. Work at Marshall Space Flight Center has progressed to the point that the solar sail is close to or at the status of operational viability. In other words, it wouldn’t take much to launch and deploy an actual sail mission in terms of technology. But without the needed funding, such missions don’t happen, which is why space policy can be so difficult to sort out, and so frustrating. That’s one price you pay for democracy, and while I certainly would never want to live under any other form of government, it does account for the fact that our ventures into space sometimes seem to proceed by fits and stars rather than in a stable continuum. 
Spending Links 

Developing solar sails costs billions—it’s beyond our current capabilities 

Air Force University, 96. (12/11/96. From the Air Force 2025 Study. “Chapter 3: Planetary Defense System” http://www.fas.org/spp/military/docops/usaf/2025/v3c16/v3c16-3c.htm)

Solar sails would be employed in a manner similar to a sail on a sailboat or a paraglider using solar radiation as "wind." The required sail sizes are enormous even to deflect relatively small ECOs (fig. 3-8).108 Further, solar sails would have to be attached to the ECO, and manned assembly likely would be required. Though this system probably has the lowest risk and would be the most environmentally friendly, the space construction effort is likely beyond our capability for at least several decades or more. The estimated cost for developing solar sails is $1-2 billion.

***CP SOLVENCY

Centennial Challenge CP Solvency 
A Solar Sail Centennial Challenge would solve solar sail demonstration 

Friedman 5 - Engineer for the Jet Propulsion Laboratory, Co-Founder of the Planetary Society (December 2, Planetary Society, “Project: Solar Sailing”, http://planetary.org/programs/projects/solar_sailing/ss_update_20051202.html)

We are considering some minor modifications to the Cosmos 1 spacecraft design, depending on the availability of funds. Our American team has suggested some additional instrumentation, while our colleagues in Russia are proposing additional material to stiffen the inflatable tubes that deploy and support the sails. Whatever we do will be a mix of minimizing changes to what we think is an already capable spacecraft, and making improvements based on lessons learned. 

Meanwhile, we are closely watching a potential development in NASA. As part of their new Centennial Challenges program, the space agency is considering a prize to be awarded for the first solar sail flight. Thus far, Centennial Challenges have been limited to Earth-based technology demonstrations, but if Congress authorizes enough money for flight prizes, there is a high likelihood that a solar sail flight demonstration will be among the first such challenges. If so, The Planetary Society is ready to respond. But whether or not NASA offers a prize, we will pursue our goal to demonstrate controlled solar sail flight. 

Legal barriers prevent anyone besides Congress from expanding awards for the Centennial Challenge

Space Daily 04 (Robert Zimmerman, “Congress Impedes NASA Prizes”, Dec 02, http://www.spacedaily.com/news/nasa-04zt.html)

The only problem with all these plans, however, is NASA lacks the authority to award almost anything. Though Congress already has authorized $12 million for the CCA program and even stated it wants NASA to get the program going quickly, legislators so far have failed to increase NASA's authority to award large prizes. At this moment the largest prize that NASA can legally hand out is only $250,000.

Worse, the legal and bureaucratic hurdles for NASA to offer an award for a human spaceflight, comparable to the X Prize, are formidable.

When you talk about humans it involves other obstacles, Sponberg told United Press International. We've got to coordinate with (NASA's) Office of Mission Safety Assurance, with the office of the Chief Medical Officer, and this also involves the (Federal Aviation Administration).

He added, We don't yet know whether we will be able to pursue a human mission or not.

Here, too, Congress has made no effort to grease the wheels and make it easier for NASA to encourage private human space travel. NASA officials have spent innumerable hours over the last few months lobbying Congress for some increased authority and have gotten nothing.

In fact, the only bills pending in Congress specifically limit NASA from awarding any prize larger than $1 million. Yet Sponberg still thinks the program can get off the ground.

Price competitions have empirically fueled break-through developments for new technologies—Centennial Challenges is key 
Davidian 07 - Director of Research at the FAA Office of Commercial Space Transportation (AST), Vice President of Strategic Communications at American Astronautical Society (Ken, “Prizes, Prize Culture, and NASA’s Centennial Challenges,” 2007, www.ip.nasa.gov/documents/prize_culture_report.pdf)
Prize competitions have been used throughout history to accelerate the development of many different technologies. The desire for new or better technologies have often come from unmet needs in various sectors of society, including commerce, industry, military, public safety, public health, and adventure/tourism. The history of successful prize competitions has shown the potential for break-through developments and the accomplishment of feats thought to be “impossible.” In most cases, the detrimental effects are negligible for a competition when the prize is not won, because there was little cost and no resulting purse payment. Although the U.S. government has a long history of awarding medals to individuals of merit (a.k.a. ‘recognition prizes’), it has only recently begun experimenting with inducement prizes to spur technology developments in selected areas. Centennial Challenges is a program recently initiated at the National Aeronautics and Space Administration (NASA) to apply the prize philosophy to its aeronautics, space science, and exploration goals. A review of past prize competitions helps to identify some best practices and common pitfalls to guide future competitions. 
The Centennial Challenges program reinforces the prize culture that has empirically spurred massive research and development

Davidian 07 - Director of Research at the FAA Office of Commercial Space Transportation (AST), Vice President of Strategic Communications at American Astronautical Society (Ken, “Prizes, Prize Culture, and NASA’s Centennial Challenges,” 2007, www.ip.nasa.gov/documents/prize_culture_report.pdf)
Prizes have been used throughout history as a way to stimulate technology development with unexpected positive results for a fraction of what an equivalent contract would cost. Prizes have encouraged individuals, companies, and governments to achieve seemingly impossible goals. The popularity of prizes in the first part of the twentieth century and its resurgence in the present day have increased the membership in a “prize culture” that has led to stereotypical reactions by the traditional science and engineering communities. As is common with any stereotype, these contain some level of “truthiness,” but once examined closely, these stereotypes can be seen to link the traditional R&D and prize communities together. The Centennial Challenges program builds on the positive forces of prize competitions in an attempt to pursue NASA’s mission and goals in an exciting, innovative, and cost-effective way. 
The Centennial Challenges Project must be expanded substantially
Spacedaily 04(“Foundation Calls for NASA to Greatly Expand Centennial Challenges Project,” 6/21/04, Space Daily, http://www.spacedaily.com/news/nasa-04s.html)

Washington (SPX) Jun 21, 2004
As NASA's first Centennial Challenges workshop got underway at the Washington Hilton today, the Space Frontier Foundation praised the Centennial Challenges program, which would allocate up to $20 million in prizes to reward "actual accomplishments rather than proposals" in space and aviation technologies. Unfortunately, the Foundation said, the rest of NASA's $16-billion budget request is no prize.

"We congratulate NASA for spending one-eighth of one percent of its budget on what it says will be actual accomplishments rather than proposals," said Foundation Founder Rick Tumlinson. "If this trend continues, we foresee a day that when NASA gets new technologies, it might spend one-quarter or even one-half of a percent on real, proven hardware, instead of paper studies and pork."

"Although we are glad some people of vision at the agency are trying to do the right thing, the project is too small, and its goals are too limited. Meanwhile, NASA will continue to pour billions into dead end studies and projects while not opening space to the people. As taxpayers, however, we think NASA can do better than that."

The Centennial Challenge prizes are modeled after the privately funded X-Prize for sub-orbital space flight and successful aviation and seafaring prizes of the past. The Foundation notes that the $10 million X-Prize has already resulted in tens of millions of dollars in private investment in space transportation, inspired dozens of teams around the world to develop new technologies for entering space and led to the spectacular record-breaking flights by Burt Rutan's SpaceShipOne.

"The US government has spent billions of dollars on planned or experimental vehicles like the National Aerospace Plane, X-33, X-34, X-37, X-38, and Orbital Space Plane," remarked Tumlinson who was a Founding Trustee of the X-Prize.

"Now they are proposing to spend another $10 billion or so on a new vehicle program that will never fly � if past results are any indicator. Yet, for less than $40 million, SpaceShipOne has already flown higher, farther and more often than all of those past X-vehicles combined. SpaceShipOne shows that prizes work. Orbital Space Plane and its ilk show that current government development projects do not."

The Foundation contends that if the U.S. is serious about keeping people permanently on the Moon and Mars, NASA must lose its "not-invented here" attitude, and use a majority of its funds to help spawn a new space industry to support the effort long term.

It wants the agency to replace traditional cost-plus insider contracts with prizes, data purchases, payment on delivery for payloads carried into space and other market incentives - and not just on a token level. The group believes that unless NASA is forced to adopt these methods, and do so immediately, the Moon, Mars and Beyond program will fail.

Prizes CP Solvency 
Substantially increasing award prizes is necessary to stimulate industry breakthroughs – solar sails are a crucial category of these awards

Morris 04 (Jefferson, “NASA lobbying for authority to grant prizes above $250K,” Aerospace Daily & Defense Report, 11/16/04, lexisnexis)

NASA is lobbying Congress for the authority to award prizes of more than $250,000 in its Centennial Challenges program, and hopes to get a green light during the current lame-duck session of Congress or early next year.

NASA needs authorization from Congress to award prizes of more than $250,000. Centennial Challenges Program Manager Brant Sponberg met with authorizers on Capitol Hill to discuss the issue Nov. 15.

"There is some interest in maybe trying to pass something, either as a stand-alone bill or some other vehicle, during the lame-duck session," Sponberg said during an industry day in Washington Nov. 15. "Even if that doesn't happen, I would anticipate that when the new Congress comes in early next year, we [will] probably move out pretty quickly to try to get that authorization for those larger prizes."

Modeled on successful 19th century navigation prizes and early 20th century aviation prizes, the Centennial Challenges prize program is aimed at stimulating industry to produce breakthroughs in technologies that would support NASA's goals. The agency requested $20 million for the program in fiscal year 2005. Although the House Appropriations Committee voted to fully fund the request, Senate appropriators only granted roughly half of it.

"I don't know where the final negotiations will come out - somewhere between 10 and 20 million dollars, presumably," Sponberg said. The program already has roughly $2 million in FY '04 funds to begin awarding support contracts and small prizes.

Four broad categories of challenges are planned: flagship challenges, keystone challenges, alliance challenges, and quest challenges. The biggest prizes offered by the program, flagship prizes will be worth $5-50 million. The program currently envisions four flagship competitions:
* Aero-assist demonstration. Although NASA spacecraft routinely use techniques such as aerobraking, "no one has actually demonstrated a true aerocapture or an orbital plane change using aero-effects in orbit," Sponberg said. Prize competitors will have to build a low-cost technology demonstrator to prove their technique in Earth orbit. Aero assist techniques use planetary atmospheres to help with orbital maneuvers.

* Micro re-entry vehicle. Competitors will have to build a low-cost automated vehicle capable of bringing small payloads down for accurate landings. NASA is interested in using such technology to improve science return from the space station.

* Lunar robotic soft landing. "The idea behind this prize is to stimulate someone to demonstrate the ability to softly land a small payload on the moon at low cost," Sponberg said.

* Stationkeeping solar sail. Competitors would have to build a solar sail capable of keeping a spacecraft in orbit for an extended period. NASA is interested in this technology for remote sensing and communications relay applications.

Prizes could be used for solar sails—sparks competition that leads to innovation 
Steidle 4. (Craig—Rear Admiral, Associate Administrator for Exploration Systems, NASA. 7/15/4. Hearing Before the Subcommittee on Space and Aeronautics, Committee on Science. NASA CONTESTS AND PRIZES: HOW CAN THEY HELP ADVANCESPACE EXPLORATION? http://commdocs.house.gov/committees/science/hsy94832.000/hsy94832_0.HTM)
To Leverage Partnering Opportunities—These would be prize competitions for technical goals and capabilities that are common between NASA and other organizations. The size of the purses for these prize competitions would range from hundreds of thousands of dollars to a few million dollars. Partners would cost-share the purse with NASA or be responsible for competition administration. Partners could include: professional organizations, corporations and non-profit research organizations, other federal R&D agencies, hobbyist organizations, and public space advocacy groups. Examples include Challenges for: an autonomous, low mass drilling system for accessing underground science samples and resources on other worlds and on Earth; an improved power storage system for rovers and for various Earth-based applications; a fully autonomous unmanned aerial vehicle for cargo delivery; high strength-to-weight materials; and a solar sail mission to provide space weather data for various government customers.

A purse of at least one million dollars would spur the private market to a solar sail demonstration

Udall 4. (Mark—House of Representatives member from Colorado, Member of the Committee on Science. 7/15/4. Hearing Before the Subcommittee on Space and Aeronautics, Committee on Science. NASA CONTESTS AND PRIZES: HOW CAN THEY HELP ADVANCESPACE EXPLORATION? http://commdocs.house.gov/committees/science/hsy94832.000/hsy94832_0.HTM)
    The number and type of prize competitions that NASA could pursue would be greatly decreased without this authority. Most of the candidate prize competitions we are considering for FY 2005 and beyond would require prize purses in the million-dollar range and above to attract a strong field of competitors. Most of these prizes will also require multiple years of competition before a winner emerges. (For reference, the ongoing X–PRIZE competition was started in 1996—a nine-year competition with a $10 million purse, which was won on October 4, 2004.) Examples of candidate prize competitions requiring this authority include full space missions, such as competitions for: a lunar robotic soft lander, a micro re-entry vehicle, an orbital aero-assist demonstration, and a solar sail demonstration. Examples also include atmospheric flight demonstrations, major subsystem demonstrations, and component-level technology breakthroughs, such as competitions for: a mobile power storage breakthrough, a radiation shielding breakthrough, a precision planetary descent and landing system, an autonomous drilling system, a telerobotic construction system, a robotic Earth analog sample return system, a human lunar all-terrain vehicle, and a long duration unmanned aerial vehicle. With specific authority to conduct competitions with large prize purses and to treat prize purse funding as no-year funding, as was provided in 2002, NASA will be able to pursue a robust Centennial Challenges. Since FY 2001, in anticipation of enactment of prize authority, NASA's annual appropriations acts have included an administrative provision stating: ''Funds for announced prizes otherwise authorized shall remain available, without fiscal year limitation, until the prize is claimed or the offer is withdrawn.''

Empirically, prizes have been used for the development of smaller scale solar sails

Gilster 6. (2/22/6. Paul—author of Centauri Dreams: Imagining and Planning Interstellar Exploration and writer about technology for 20 years. “Solar Sail Competition A Possibility” http://www.centauri-dreams.org/?p=552)
A solar sail competition to drive research? It’s a great idea, and one that has been explored in the past. Indeed, a whole variety of groups have looked into the possibility, from France’s Union pour la Promotion de la Propulsion Photonique (U3P) to Russia’s Space Regatta Consortium and the Aero-Club de France. And official rules for the Luna Cup were approved by the International Astronautical Federation at the World Space Congress in August of 1992, outlining a solar sail race to the Moon. 

Now I’m looking at a NASA announcement passed along by James Benford that outlines prize competitions to be conducted under the agency’s Centennial Challenges umbrella. To quote from the document, “By making awards based on actual achievements instead of proposals, Centennial Challenges seeks novel and lower-cost solutions to engineering obstacles in civil space and aeronautics from new sources of innovation in industry, academia, and the public.” 

The challenge possibilities are outlined in a NASA Request for Comments (RFC) document that explores competitions in a number of areas, ranging from low-cost space suits to lunar night power sources. And the one that has caught Benford’s eye involves solar sails. Here’s the relevant information: 

The Station-Keeping Solar Sail Challenge is designed to promote the development of solar sail technology and the commercial services that may result from the ability to operate in novel orbits such as artificial Lagrange points. 

The Station-Keeping Solar Sail Challenge has two prizes. To win Prize One and the $2,500,000 purse, a Team must be the first to deploy a solar Sailcraft, demonstrate a resultant trajectory acceleration change of at least .05 millimeters per second squared, and fly along a trajectory that will pass through a defined target located at the first Sun-Earth Lagrange point (L1). To win Prize Two and the $2,500,000 purse, a Team must enter a defined region above or below the ecliptic plane at L1 and remain there for 90 consecutive days. 

We’ve all had an education in what prize challenges can do for technology through the success of the Ansari X Prize competition and earlier, oft invoked challenges like the Orteig Prize that Lindbergh clinched by flying the Atlantic. I also like the wonderful science fiction association with Arthur C. Clarke’s “The Wind from the Sun,” originally published in 1964 under the title “Sunjammer.” Using yacht racing as the metaphor, Clarke told a bold tale of a race to the Moon using solar sails and largely introduced the sail concept to the general public (although, to be sure, Jack Vance’s “Gateway to Strangeness” and Cordwainer Smith’s haunting “The Lady Who Sailed the Soul” had appeared several years earlier in Amazing Stories and Galaxy respectively). 

We must hope for keen interest in a sail competition as one way to keep the technology developing in a time of steep budget cuts. Getting private industry and academia reenergized over solar sail work (especially after the failure of the Planetary Society’s Cosmos 1) cannot help but advance the state of the art, and it is becoming increasingly clear that solar sails are one area where the private sector’s contribution can be immense. 
Prizes are cost effective and generate new ideas

Shachman 6. (4/5/6. Noah writes about technology, national security, and politics for The New York Times, The Chicago Tribune, Popular Mechanics, and Wired magazine. “Like to Tinker? NASA’s looking for you” The New York Times. Lexis.)
Until recently, the chances that a college senior like Mr. Jones would contribute to the NASA space program were remote. Contracts belonged mostly to the Boeings of the world. Tinkerers and students were kept at the far edge of the periphery. But with budgets tightening and the obstacles to human space exploration looking more daunting, NASA is enlisting the expertise of outsiders.  

For example, the agency is offering 13 contests, which it calls Centennial Challenges, that anyone can enter. The prizes range from $200,000 to more than $5 million, for building gear as diverse as solar sails, lunar excavators and the tiny elevators. 

But more important than the cash prizes, contestants and administrators say, is the opportunity to sidestep the traditional ways NASA has done business and bring some fresh faces to its ranks.  '

'With a regular contract, a small group of students like us wouldn't have a chance,'' Mr. Jones said. ''This way, anyone with a good idea can contribute.'' 

Mr. Jones hadn't thought much about contests until the X Prize, the $10 million competition to get private spacecraft into suborbital flight. He was drawn to the idea that entrepreneurs could go into space. So when NASA announced its first Centennial Challenges, Mr. Jones signed up.  Competitors in the Beam Power Challenge -- which includes the elevator component -- had to make a two-foot-tall machine powered by light or microwaves that could crawl up a 200-foot rubber-coated fiber ribbon. Space enthusiasts hope that such a machine -- an elevator, of sorts -- could one day reach 62,000 miles into the sky, delivering people and packages into orbit at a fraction of the cost of today's launchings. The winner would be, in effect, one of the space elevator's earliest drafts. 

When the contest was held last October, none of the eight entrants made it all the way up the ribbon. But Mr. Jones's Snowstar machine traveled farthest, all of 20 feet. The hexagonal array of solar cells, powering two pairs of rollers that shimmied up the ribbon, was judged Most Likely to Win in the 2006 challenge, set for August. The prize has been increased to $250,000 this year, from $50,000. To win, the climbers must make it up the ribbon in less than a minute. So far, 19 teams have signed up, nearly twice as many as in 2005. 

Another well-known high-tech contest, the Darpa Grand Challenge, also had disappointing results when it started in 2004. The all-robot off-road rally, sponsored by the Pentagon's fringe science arm, the Defense Advanced Research Projects Agency, or Darpa, attracted dozens of competitors. But none of the vehicles made it past the seventh mile of the 150-mile course, largely because of navigation problems. 

A year later, five unmanned cars crossed the finish line. That included robots from leading universities like Stanford and Carnegie Mellon as well as one from the Gray Insurance Company, which had no experience in robotics but whose owners had a personal interest in the competition. The Gray team was one of the last to enter the contest, and it had a major setback when Hurricane Katrina wrecked its New Orleans workshop. 

Nevertheless, it beat out vehicles built by leading computer-science researchers and backed by defense contractors. It did so well that it has pulled some employees from the insurance side of the business, allowing them to focus on the company's new venture: robotic cars for the military and other entities. 

''I never thought I'd work in defense,'' said Paul Trepagnier, a software development manager at Gray. ''I'm a Tom Clancy fan. But that's the extent. I mean, I'm just a programmer in an insurance company.'' 

Many of NASA's contests also center on robotics. The Telerobotic Construction Challenge, scheduled for August 2007, requires a team of machines to assemble items with minimal human supervision. The idea is to let robots, instead of astronauts, build shelters and machinery on the moon and Mars. In the Regolith Excavation Challenge, set for May 2007, an autonomous machine will have to dig through 24 square meters of simulated moon rock. A separate Regolith Oxygen competition, scheduled for 2008, will be held for robots that can extract oxygen from the stones. Some contests will be held annually; others will be one-time events. 

NASA funds robotics research through conventional contracts too, and it uses Small Business Innovation Research grants to back companies outside the industry's mainstream. But the paperwork involved in the innovation research grants, called S.B.I.R.'s, can be intimidating.  

''I don't have the grant-writing experience to get one of those,'' said Matthew Abrams, one of the competitors. ''The contest seemed like a better deal. And winning something like this can give us the credibility and the contacts to go after S.B.I.R.'s.'' 

The competitions offer economic benefits to NASA as well. The contestants, not the space agency, pay for the development. The winner of a big technology prize usually spends three times the purse value, said Carl E. Walz, a former astronaut who works in NASA's exploration systems mission directorate.  

''Typically in R. & D., you pay as you go,'' Mr. Walz said, referring to NASA's outlays for research and development. ''You pay for failures and you pay for successes. Here, you don't pay until someone wins.'' 

NASA officials say that some of their contractors are worried that the contests could undermine their work for the space agency. NASA already has companies working on gloves for its space suits; why, then, does it need an Astronaut Glove Challenge? Exactly how good ideas from the competitions will be integrated into the space program isn't entirely clear. ''We're still writing the book on this,'' Mr. Walz said. 

But within NASA, enthusiasm for the challenges seems to be growing. The agency announced six more contests in February, including $5 million for the first team that can store or produce rocket fuel in orbit and $2.5 million for the builders of a working solar sail. 

If they win, both Mr. Jones and Mr. Abrams said they hoped to use their prize money to enter some of these more complex challenges, like the lunar lander competition being held by NASA and the X Prize Foundation.  

Gregg E. Maryniak, executive vice president of the foundation, said he looked forward to having them enter. ''One of the biggest reasons to do this is to bring in people outside the existing ecosystem,'' he said. 

''Look, a hundred years ago, a couple of pesky bike mechanics from Dayton, Ohio, bested, in effect, the government-funded player, to become the first to fly,'' he added. ''That's why you put on these things: to attract the bicycle mechanics.'' 
Free Market/Privatization CP Solvency 
The free market has spearheaded the effort for solar sails on a smaller scale

Cain 4. (11/10/4. Fraser, publisher of Universe Today, a website dedicated to astronomy and space exploration news, he studied engineering at the University of British Columbia. “Launch Date Set for Solar Sail. Universe Today. http://www.universetoday.com/10032/launch-date-set-for-solar-sail/)
The Cosmos 1 team announced today that the world’s first solar sail spacecraft will be set for launch on March 1, 2005 from a submerged submarine in the Barents Sea. Cosmos 1 a project of The Planetary Society is sponsored by Cosmos Studios. 
“With the spacecraft now built and undergoing its final checkout, we are ready to set our launch date,” said Louis Friedman, Executive Director of The Planetary Society and Project Director of Cosmos 1. “The precedent-setting development of the first solar sail spacecraft has had its ups and downs like a roller coaster ride, but now the real excitement begins.”

Cosmos 1’s mission goal is to perform the first controlled solar sail flight as the spacecraft is propelled by photons from sunlight. The Cosmos 1 launch period will extend from March 1 to April 7, 2005. The actual launch date will be determined by the Russian Navy, which directs the launch on the Volna rocket, a rocket taken from the operational intercontinental ballistic missile inventory. 

“This whole venture is audacious and risky,” noted Bruce Murray, who co-founded The Planetary Society with Carl Sagan and Louis Friedman. “It is a testament to the inspiring nature of space exploration and to the desire of people everywhere to be part of the adventure of great projects.” 

Sagan, Murray and Friedman founded The Planetary Society in 1980 to advance the exploration of other worlds and to seek other life. Launching a spacecraft to test an innovative and untried flight technology helps to fulfill the bold mission they envisioned for the organization. Sagan remained the President of The Planetary Society until his death in December, 1996. 

Cosmos 1 will rocket into space on a submarine-launched ballistic missile, the Volna, from beneath the surface of the Barents Sea. A network of Russian, American and Czech ground stations will track and receive data from the spacecraft. 

International cooperation is just one of the novel aspects of this privately funded mission. It is the first space mission conducted by a popular space interest organization, the first sponsored by a media company, and the first to test flight using only sunlight pressure. Sailing by light pressure is the only technology known that might carry out practical interstellar flight. 

“Starting the countdown clock for the launch of Cosmos 1 on Carl?s birthday could not be more appropriate” said Ann Druyan, Cosmos 1 Program Director and Carl Sagan?s professional collaborator and widow. “We have converted the delivery system for a weapon of mass destruction into a means for pioneering a way to set sail for the stars,” she added. “That’s Carl Sagan 101, a perfect embodiment of his life and vision.” 

Druyan’s science-based media company, Cosmos Studios, has provided most of the funding for this project. 

Several solar sail spacecraft have been proposed over the last few years, but none except Cosmos 1 has been built. NASA, and the European, Japanese and Russian space agencies all have solar sail research and development programs. Deployment tests have been conducted by the space agencies and more are being planned. 

The Planetary Society, without government funds, but with support of Cosmos Studios and Society members, put together an international team of space professionals to attempt this first actual solar sail flight. The Space Research Institute (IKI) in Moscow oversaw the creation of the flight electronics and mission control software while NPO Lavochkin, one of Russia’s largest aerospace companies, built the spacecraft. American consultants have provided additional components, including an on-board camera built by Malin Space Science Systems. 

Private companies are comparatively better at building solar sails: raise public awareness, more room for creativity, no bureaucracy

Vulpetti et al., 8. (Giovanni, physcisit, chair of the Interstellar Space Exploration Committee. Les Johnson: Deputy Manager for the Advanced Concepts Office at the NASA George C. Marshall Space Flight Center. Gregory L. MatloffL assistant professor of physics at New York City College of Technology (NYCCT), coordinates the astronomy program at that institution, has consulted for the NASA Marshall Space Flight Center. “Progress to Date” Springer New York.)
Private Initiatives 

The early development of chemical rocketry was dominated by private  inventors, such as Robert H. Goddard in the U.S., and national rocket  societies in many countries. Private organizations and individuals continue  to contribute to solar-sail progress. 

A private individual or non-governmental organization has certain  advantages and disadvantages when compared to government-sponsored  space agencies. Since such groups or individuals are not beholden to  taxpayers and politicians, they can tackle more visionary projects with a  longer time to implementation or payoff. To implement these projects,  however, private organizations must often engage in fund raising.  One contribution of private organizations has been raising public  awareness of photon-sailing technology. Since 1982, three private groups (  the Union pour la Promotion de la Propulsion Photonique (U3P) in France,  the Solar Sail Union of Japan, and the World Space Foundation (WSF) in the  U.S.) have collaborated to publicize the concept of a solar-sail race to the  Moon. 

Private organizations have also planned very nontraditional solar-sail  propelled space missions. One American company (Team Encounter) has  raised funds to launch human-hair samples on extrasolar trajectories,  advertising that perhaps ethically advanced extraterrestrials intercepting the  craft might feel compelled to clone the long-deceased human ``crew'' from  the DNA in their hair samples. Very wealthy individuals might contribute to  such a mission as a very-long-duration insurance policy! 

But one of the greatest advances to photon-sail technology has resulted  from the very serious work of the largest nongovernmental space organization  of them all, the Planetary Society in Pasadena, California. Funded by member  contributions and large donors including Ann Druyan (who is Carl Sagan's  widow), the Planetary Society developed Cosmos 1, the first flight-ready  spacecraft in which the photon sail would be the prime method of propulsion.  To conserve funds, both the suborbital and orbital Cosmos 1 launches were  conducted using a Russian booster of marginal reliability. Unfortunately, the  reliability of this booster must now be classified as less than marginal since  both launches failed and the sails plunged to Earth before they could be  unfurled. The Planetary Society's directors hope to make another attempt with  a more reliable booster. If Cosmos 1 does eventually achieve orbit, the  pressure of sunlight will be used to alter the craft's orbit. One planned  experiment is to beam microwaves to the orbiting craft using a radio telescope  to experiment with collimated-energy-beam sailing. It would be nice if both  solar and energy-beam sailing concepts can be validated on the same mission! 
Temporary, small-scale organizations composed of visionary scientists  and engineers have also contributed to the advancement of SPS  technology and public awareness of this concept. During the 1990s, a  group of researchers (including authors Vulpetti and Matloff ) from  several countries, met regularly in Italy to discuss the possibility of  exploring nearby extrasolar space using sail-launched probes. It may be  historically interesting to report how this team originated and worked.  During the International Astronautical Congress, held in Graz, Austria, in  October 1993, a group of seven solar-sail enthusiasts met to organize an  in-depth study of solar sailing. After a lot of discussions, continued via  mail for a couple of months, it was decided to set up a self-supporting  study group. That meant that the group members would work during their  free and creative time; nevertheless, some members would ask their  companies to utilize some of the companies' facilities. Some companies  said yes, and the group began working. The team chose the name Aurora  Collaboration. (According to the ancient Greek my thology, Aurora was  the younger, fair sister of Helios, the Sun god. Helios's elder sister Selene,  the goddess of the Moon, was discarded for her paleness!) The active  members of Aurora were author Gregory Matloff (NY University),  Giancarlo Genta and his coworker Eugenio Brusa (Poly technic University  of Turin, Italy), Salvatore Scaglione (ENEA, Rome-Italy), Gabriele Mocci  (Telespazio SpA, Rome, Italy), Marco Bernasconi (Oerlikon-Contraves,  Zurich-Switzerland), Salvatore Santoli (International Nanobiological  Testbed, Italian Branch, Rome, Italy), Claudio Maccone (Alenia-Spazio,  Turin, Italy), and author Giovanni Vulpetti (Telespazio SpA, Rome, Italy).  Vulpetti was appointed as the team coordinator. Aurora committed to the  following objectives: (1) considering SPS propulsion for realistic extra-  solar exploration; (2) investigating mission classes and related technolo-  gical implications for significantly reducing the flight time, from  departure to the target(s); (3) analyzing flight profiles; and (4) sizing  sailcraft's main systems for a technology demonstration mission to be  proposed to the space agencies. Aurora worked from January 1994 to  December 2000. Some innovations have been developed and submitted to  the attention of the space communities, including NASA and ESA. For  instance, the NASA Interstellar Probe (ISP) concept (for which author  Johnson served as the propulsion system manager) is an evolutionary  development of Aurora. In turn, the current mission concept of the  interstellar heliopause probe, in progress at ESA/ESTEC (Chapter 14), is  similar to a smaller-scale version of NASA ISP. 

Free market solves the aff—markets expanding and there’s profit to be made—WSF proves

Ridenoure and Polk 98. (4/27/1998. Rex, Manager Space Systems Division of Microcosm Inc AND Kevin and Space Systems Analyst, Micrcosm Inc. “Private, Commercial and Student-Oriented low-cost deep-space missions: A global survey of activity” www.smad.com/analysis/IAApaper-finaldoc.pdf)
Primary mission objectives for most deep-  space missions to date have emphasized  acquiring scientific data and expanding our  understanding of the solar system; some  contemporary missions target advanced  technology demonstration with science as a  secondary objective.  All missions so far have  been sponsored by one or more government  agencies, organizations or consortia.  Now a new class of deep-space missions is  emerging:  those motivated and sponsored by  private, commercial and student-oriented  interests and organizations.  Several such  missions — the first to actually be executed —  are likely to occur in the 2000-2005 period.  Underlying motivations for these  unconventional ventures are summarized.  For context, this survey starts with similar  activities during 1970-95. Lunar Prospector  is  perhaps the most visible success story here:  it  was initially a privately financed venture  before being selected as a NASA Discovery  mission.  Why few of these early efforts  succeeded in meeting their objectives — and  why some did — is explored. 

Next, a worldwide snapshot of current  activity in this arena is provided, highlighting  the most visible and credible developments,  most of which are in the U.S. and Europe.  Principal mission attributes, team composition  and unconventional features are summarized  for each.  All are still in the conceptual or  preliminary design phase, but least one  (NEAP is expected to move into development  and implementation this year. 

Implications of this emerging trend to the  conventional space-science mission  community are addressed.  Included here are  the continued need for science instruments and  scientific talent, the prospect of expanding the  array of space technologies and infrastructure,  new teaming relationships and funding  mechanisms, and various cost and risk issues. 

Motivations 

The premise of this survey is that  something significant is happening now to the  deep-space arena.  A new branch is emerging  from the traditional government-sponsored  mission lineage:  one including private,  commercial and student-oriented missions.  (For the purposes of this discussion, deep  space is defined as at lunar distance from the  Earth and beyond, including the Earth-Moon  and Earth-Sun libration points and near-Earth  heliocentric orbits.) 

The factors that make the thought of  routine, low-cost private deep-space missions  more plausible include progress with advanced  space technology development and validation  (including more focus on this in the NASA and Japanese space-science programs), higher  space equipment production and launch rates,  near-term prospects for reductions in launch  vehicle costs, advances in commercial  electronics and software, and increasing  competence in the space mission community.  Augmenting these significant forcing  functions are other factors:  • NASA’s grip on deep-space activities  (notably JPL’s) is slowly loosening  • Government budgets for space — NASA’s  space science budget in particular — are  admittedly precarious.  • Creative and powerful teams are being  formed among smaller space and  technology firms and organizations  • Individuals working in ‘big’ space industry  and space science are welcoming a change  to the smaller environment  • University-based and non-profit space  programs are advancing, with increasing  capabilities and expanding interests  • Atypical investors and other nations are  looking for opportunities to get into the  deep-space game  • There is a much better scientific  appreciation for the solar system and  what’s in it, particularly regarding the  Moon, Mars, asteroids [1] and comets  • Market-driven economics is being  validated worldwide, encouraging its  application to new sectors of the global  economy — and the private sector is  starting to notice. 

Some entrepreneurs and investors have  concluded that there is potential profit to be  made in this emerging high-tech field — and  not strictly just to conduct science or validate  advanced technology.  So they are starting to  act on an array of innovative, unconventional  and often risky ideas. 

Context:  1970-1995 

1970 appears to be when this trend started  in a credible way — when a few initiatives  actually made some progress or had an impact  — though some earlier examples could  undoubtedly be cited.  (Certainly for years  science fiction authors and artists presented  the basic vision, at least.)  For example: 

Harvest Moon Project, New Worlds Co., 

1970-72.  In October, 1970 a U.S.  organization, the Committee For the Future  (CFF), proposed conducting a privately  financed venture that would use surplus,  donated  Apollo hardware for an international,  perhaps civilian human mission to perform  experiments and demonstrations that would  lay the groundwork for later colonization and  economic exploitation of the Moon [2].  It  involved placing the lunar lander and crew  (including a Soviet cosmonaut!) at Hadley  Rille, the scenic Apollo 15 site, where they  would deploy a prototype lunar garden, robot  rover, laser communications relay station and a  small telescope.  The CFF formed the New  Worlds Company in early 1971 to implement  the ambitious project.  Following good  progress during the subsequent year, NASA  informed the CFF that the remaining lunar  landers had been cannibalized for parts and  plans quickly faded. 

Space Studies Institute (SSI), 1977- 

present.  This popular Princeton-based space  research organization founded by physicist  Gerard O’Neill can be largely credited with  popularizing the grand vision of extensive  space resource utilization and manufacturing  and human space colonization, using lunar and  asteroidal resources and space solar power [3].  One of SSI’s principal goals is to get the  private sector into the space arena.  O’Neill is  credited with a series of very successful and  catalytic conferences on space manufacturing  [4] which spawned numerous research and  analysis efforts that continue today [5]. 

The World Space Foundation (WSF),  1978-1998. This California-based space  research and space advocacy organization is  modeled after the National Geographic  Society.  It sponsored or participated in  research efforts focused on observational  searches for near-Earth asteroids, space  technology development, lunar and Mars  exploration, space resource utilization and  planetary science.  In 1982 the WSF initiated a  privately funded project to develop and launch  a solar sailing demonstrator spacecraft — the  ultimate goal being Earth escape and possibly  a lunar gravity assist to deep space — and  various forms of corporate and organizational  support followed [6].  The WSF design was  the winning entrant for the Americas region in  the planned 1992 Columbus 500 Space Sail  Cup event (see below).  The organization  ceased operation in early 1998 and its asteroid  search and solar sail projects have been  transferred to The Planetary Society. 

Private funding could still solve the affirmative

Gilster 09  - a freelance writer specializing in computers and technology. He is the author of six books about the Internet (Paul, “A Solar Sail Manifesto,” Centauri Dreams, 4/30//09, http://www.centauri-dreams.org/?p=7545)

But in matters like these, everything depends upon funding, and at the moment the money is tight, despite the efforts of Ann Druyan at Cosmos Studios, who is devoting as much personal energy into Cosmos 2 as she did with Cosmos 1. Mallon calls Cosmos 2 “a Hail Mary pass, an audacious leap,” but in reality it’s a simple first step, and a tentative one at that, in pushing solar sail technology to a higher level of readiness. The fact that it has to be done by private initiative instead of government, for the price (as Druyan notes) of “a nice New York apartment,” could actually become its salvation, but only if the right philanthropist decides to dig deep into his pockets.

Private sector willing to work for “first to market advantage” or deals from NASA

Carroll 10. (8/9/10. Kieran, Ph.d. An engineer with experience working on satellites and developer of the solar sail system for 20 years. “A Milestone for solar sailing” The Space Review. http://www.thespacereview.com/article/1677/1)

Competition, community, and celebrating IKAROS 

Since then, the international solar sailing technical community has done considerable work to conceive additional mission applications, alternate solar sail designs, and specific mission proposals. Occasionally this work has been supported by development funding from national space agencies (NASA, DLR, JAXA), although for much of the past three decades researchers have made do without such support. This community has stayed in touch via journal publications, and solar sailing sessions at more general space conferences. Only recently have individual “solar sailors” from around the world started meeting in an organized way. The New York event was the second such meeting, following the first one, held three years ago in Germany. The objectives were to report new and useful ideas regarding solar sailing technology development, and ideas for useful applications of this technology in areas such as space exploration, communications, and Earth remote sensing. 

An interesting feature of the international solar sailing community, very much in evidence at this symposium, is the spirit of simultaneous cooperation and competition. Many of the attendees have been working for many years to develop solar sailing technology capabilities within their institution and their country, and betimes that has been done in a context of explicit competition—for example, in the 1988–1992 period when an international solar sailing “race to Mars” was proposed, as a commemoration of Columbus’ voyage of discovery 500 years earlier, resulting in design proposals from numerous teams worldwide. The growing number of useful applications that have been found for solar sailing spacecraft has raised the prospect of a “first-to-market” advantage for whichever organizations and space agencies are able to develop an early expertise in this field. However, the challenge of overcoming technical difficulties and of formulating compelling funding proposals to their national space agencies (and to a few private funding sources) has fostered a friendliness to this competition, with researchers around the world working collectively to overcome the obstacles they face in bringing this technology to fruition (and many of them forming lasting friendships). One senses echoes of the sentiment that infused the seminal stage of another area of astronautics: that of rocket development in its early days in the 1930s, which was advanced by dedicated and visionary individuals and small groups such as Goddard, Von Braun, Ley, the VfR, the British Interplanetary Society, and the American Rocket Society, who shared ideas for mutual benefit, and went on to great accomplishments. Indeed, solar sailing is currently a field in which the oft-used phrase, “a rising tide lifts all boats,” is peculiarly apt. 

Japan CP Solvency

Japan would do the aff better: they’ve already deployed solar sails, and have fixed the major problems facing NASA.

Patel, 10 (9/2/10. Peter—writer for Astrobiology Magazine. “Solar Sail Spacecraft could explore beyond solar system” Space.com. http://www.space.com/9051-solar-sail-spacecraft-explore-solar-system.html)
The result was NanoSail-D, a diamond-shaped sail 10 feet (3 meters) on a side that was made of four triangular blades and was packed into a 10-pound (4.5-kg) spacecraft about the size of an airplane carry-on bag. In 2008, NanoSail-D was launched aboard a SpaceX Falcon-1 rocket that failed to reach orbit.  

Scientists at NASA?s Marshall Space Flight Center in Huntsville, Ala. plan to try to launch NanoSail-D again this fall. Meanwhile, the Planetary Society is building LightSail-1, a 340-square-foot (32-square-meter) sail that will weigh less than 11 pounds (5 kg). Until the launch of the Japanese IKAROS spacecraft this year, no solar sail had ever been deployed in space primarily for propulsion. IKAROS has a solar-powered sail that uses the Ssun?s pressure for propulsion and embedded thin-film solar cells to generate additional power.  

The square sail with 33-foot (10-meter) sides was deployed and is kept flat because of the craft?s spinning motion and weights attached to its four corners. This is unique to the Japanese design, Friedman says, calling the mission a "great achievement and major step toward solar sail flight." The LightSail and NanoSail, by contrast, deploy their sails using a rigid mast or boom to which the sail?s blades are attached. This more traditional design tends to be heavier than the IKAROS design. Johnson says that the biggest challenge lying ahead for NASA engineers aiming to harness solar sail power is to make the booms lighter. The lower a sail?s overall mass, the more it accelerates from the Ssun?s force. Researchers are now looking for tough, lightweight materials for the support structure. 

Japan’s solar sails have fewer tech failures and travel further than current NASA efforts

Phillips 11. (1/24/11. Dr. Tony Phillips, writer for NASA. NASA. “Solar Sail Stunner” http://science.nasa.gov/science-news/science-at-nasa/2011/24jan_solarsail/)
NanoSail-D spent the previous month and a half stuck inside its mothership, the Fast, Affordable, Science and Technology SATellite (FASTSAT). FASTSAT was launched in November 2010 with NanoSail-D and five other experiments onboard. High above Earth, a spring was supposed to push the breadbox-sized probe into an orbit of its own with room to unfurl a sail. But when the big moment arrived, NanoSail-D got stuck.  

"We couldn't get out of FASTSAT," says Alhorn. "It was heart-wrenching—yet another failure in the long and troubled history of solar sails."  

Team members began to give up hope as weeks went by and NanoSail-D remained stubbornly and inexplicably onboard. The mission seemed to be over before it even began.  

And then came Jan. 17th. For reasons engineers still don't fully understand, NanoSail-D spontaneously ejected itself. When Alhorn walked into the control room and saw the telemetry on the screen, he says "I couldn't believe my eyes. Our spacecraft was flying free!"  

The team quickly enlisted amateur radio enthusiasts Alan Sieg and Stan Sims at the Marshal Space Flight Center to try to pick up NanoSail-D's radio beacon. 

"The timing could not have been better," says Sieg. "NanoSail-D was going to track right over Huntsville, and the chance to be the first ones to hear and decode the signal was irresistible."  

Right before 5pm CST, they heard a faint signal. As the spacecraft soared overhead, the signal grew stronger and the operators were able to decode the first packet. NanoSail-D was alive and well.  

"You could have scraped Dean off the ceiling. He was bouncing around like a new father," says Sieg.  

The biggest moment, however, was still to come. NanoSail-D had to actually unfurl its sail. This happened on Jan. 20th at 9 pm CST.  

Activated by an onboard timer, a wire burner cut the 50lb fishing line holding the spacecraft's panels closed; a second wire burner released the booms. Within seconds they unrolled, spreading a thin polymer sheet of reflective material into a 10 m2 sail.  

Only one spacecraft has done anything like this before: Japan's IKAROS probe deployed a solar sail in interplanetary space and used it to fly by Venus in 2010. IKAROS is using the pressure of sunlight as its primary means of propulsion—a landmark achievement, which has encouraged JAXA to plan a follow-up solar sail mission to Jupiter later this decade.  

NanoSail-D will remain closer to home. "Our mission is to circle Earth and investigate the possibility of using solar sails as a tool to de-orbit old satellites and space junk," explains Alhorn. "As the sail orbits our planet, it skims the top of our atmosphere and experiences aerodynamic drag. Eventually, this brings it down."  
***CASE

SQuo Solves Solar Sail Development

NASA’s nanosail, Japan’s IKAROS, interstellar mission proposals mean the Status quo solves

Brendler 4/25/11 - editorial director and a founder of ABC News.com (Beau, “NASA Solar Sail Is the 'Little Satellite That Could',” AOL News, http://www.aolnews.com/2011/04/25/nasa-solar-sail-is-the-little-satellite-that-could/)

If you gaze up at the night sky on April 26 or 27, you might catch a glimpse of a promising new technology, a cult favorite of astrogeeks and something of a taxpayer treat in one shiny package -- NASA's NanoSail-D2 cruising past Earth using the power of the sun.
The 100-square-foot polymer solar sail unfurled in low Earth orbit about 400 miles out on Jan. 20. Since then, it's been making its way through space, spawning a Twitter feed, photo contest and winning some surprisingly enthusiastic followers.
Not bad for a little satellite that almost wasn't -- more than once.

Actually, the NanoSail currently in space was not the one intended to make it off the ground. It was supposed to stay on Earth as backup for the first one. But the commercial rocket carrying it, Falcon 1, didn't separate stages properly after takeoff and crashed into the Pacific Ocean. Down to Davy Jones' Locker went not only some of the ashes of "Star Trek's" Scotty, James Doohan, and former astronaut Leroy Gordon "Gordo" Cooper, but NASA's hopes of being the first to deploy a solar sail in space.
That honor went about a year and a half later to Japan's IKAROS solar sail demonstrator (a rare poetic acronym for "Interplanetary Kite-craft Accelerated by Radiation Of the Sun").
The second NanoSail, D2, flew into space from Kodiak, Alaska, Nov. 19, 2010. Packed for deployment, it was about the size of a loaf of bread and carried inside was something roughly the size of a washing machine NASA called a FASTSAT: Fast, Affordable Science and Technology Satellite. Free flying in space, FASTSAT apparently ejected the little solar sail Dec. 6.
After that came a smooth deployment, like Count Dooku's "Star Wars" Geonosian solar sailor, right? Nope. In fact, it looked briefly as though NanoSail-D2 would be declared lost in space.
Trying to save the mission, NASA recruited the efforts of ham radio operators to listen for its beacon signal. Then, "on Jan. 17, NanoSail-D2 decided it wanted to come out of FASTSAT and do its own thing, and it's been sailing ever since," Dean Alhorn, principal investigator for NanoSail-D at NASA's Marshall Space Flight Center in Huntsville, Ala., told AOL News.
How does Nano sail? It's not by solar winds pushing it, but actually the very small force from particles of light that emanate from the sun, called photons. Not quite the smooth sailing moviegoers saw in "Attack of the Clones."
"Count Dooku would have taken months to move from the position he was in, and would have needed a bigger sail," said Alhorn, a "Star Wars" buff. Solar sails can't just be unfurled to surf space currents. "We measure the speed in tenths of millimeters per second squared. [But] that acceleration is constant, so as time adds up, you can get going very fast," he explained.
So fast that in a race between a rocket and a solar sail, the sail would win as its speed increases exponentially -- meaning that during the last leg of the race the sail would very quickly overtake the rocket and beat its time considerably.
Alhorn figures the cost itself of the NanoSail-D2 to be something of a bargain -- about $250,000. Compare that to the $450 million price tag of a space shuttle mission, the $19,995 cost of a deluxe space burial and the very low price of solar radiation -- and soon you'll understand the technology's promise.
For the moment, though, Alhorn said NanoSail-D2 is more about observing how solar sails behave -- for instance, what they'll do in orbit or if they'll change the plane at which they "fly" through space.
The next generation in the proposal stage, called FeatherSail, which will enlist the design help of college students, will be more about the possibility of experiments -- even an interstellar mission, Alhorn added.
If future space explorers harness solar sails and ride them to the galaxy's edge, remember where NASA began: With a low-priority project that once went by the nickname "LunchSat." It seemed that the only time people could find to work on NanoSail-D2 was during their lunch break.

Solvency Answers 

Solar sails fail—too fragile to survive in space 
Grierson 4. (May 2004. Bruce, social science writer. “My Rocket is Going to Get You to Leo!” Popular Science. www.popsci.com/military-aviation-space/article/2004-05/my-rocket-going-get-you-leo)
The canonization, though, may be premature. Ever since Russian rocket scientkst Fridrikh Tsander ﬁrst wrote about solar sailing in the 1920s, nobody, including NASA, has been able to demonstrate that it works. So sensitive will Cosmos 1 be, up there in the near vacuum, that atmospheric turbulence from solar ﬂares, even outgassing from its own materials—the craft’s own breath, so to speak-—could buffet it in unpredictable ways And there's no guarantee that the fundamental   principle is sound. “Theoretically, sail pressure should be 1o times greater than drag,” Delory say; But there’s at least one scientist—Thomas Gold, a noted Cornell University astrophysicist—who thinks it’s hooey. Gold believes the solar-sailing concept violates the thermodynamic law of entropy- one of the prime laws of physics. In his opinion, photons wouldn't move a craft forward.

But Louis Friedman, executive director of the Planetary Society, argues that sunlight pressure was proven by Iarnes Clerk Maxwell in the 1860s and has been measured and accounted for on many space missions. Hence, the upcoming test of Cosmos 1. This craft isn't going far and has no particular destination in mind. It's an experiment designed to show that sunlight hitting Cosmos 1 will exert a force strong enough to change its orbit. “People have this image of Cosmos 1 cruis- ing out into the open ocean. when actually it's more like set- ting out in a rubber dinghy in stormy seas,” Delory says. “You'll reach shore iust a little faster than you would by drifting. It's like when Columbus set off—except we're not gel- ting out of the harbor.”

Delroy is probably best known for leading the design team that built the Mars microphone—a cigarette-pack- size sensing device that rode the Mars Polar Lander into oblivion five years ago. The device would have transmitted back to Earth the ﬁrst-ever sounds of Mars—pro viding another sensory dimension to our ‘experience’ of the Red Planet—had the lander not been lost. (It fell inexplicably silent moments before touching down near the Martian south pole in December 1999.]

In the tripartite division of space enthusiasts. Delory is a Saganite, a person infused with the space-exploration ethos of Carl Sagan. the astronomer who popularized space through his books, TV show Cosmos and film Contact. The adventure. Sagan believed, is not about ﬂags and footprints; it's an existential quest, an attempt to answer the big ques- tions. The Saganites' currency is wonder: They believe in exploring for exploration's sake, and they don't condone  exploiting the universe for human gain.

‘There's no way we'd have gotten this far if proﬁt  was in the driver's seat.’ says Druyan, who's carrying on her late husband’: legacy (her company, Cosmos Studios, is bankrolllng Cosmos 1 to the tune of $4 million). ‘You have to fund things that don't have an immediate or even obvious payoff, because, as anyone with even a casual acquaintance with science knows, very often when you're looking for one thing, you ﬁnd something else.’

The Cosmos I project is chock-full of Saganite elements: international cooperation. eco-friendly propulsion. and millions of people having a virtual exploration experience by tracking its movements on the Web. The swords-into-ploughshares element (the Russian rocket carrying Cosmos 1 was once pointed at an  American city] in particular would have delighted Sagan. Ulti- mately, though, even if Cosmos I succeeds, behind the answers it provides will lie more questions, too many to count—and Saganites, being Saganit, will surely embrace every one.

The Notion of One day using a solar-sail craft to carry I provisioned human payload on an interstellar mission comes with many sets of problems- not last of which is the need for solar sails so large they would be vulnerable to being shredded by cosmic debris. That doesn't deter Delory, though, because to him it's not essential that humans charge into space en masse, at least anytime soon.

Solar sails are infeasible—science proves that they would overheat and not move

Gold 03 (Thomas-- professor of astronomy at Cornell University, a member of the U.S. National Academy of Sciences, and a Fellow of the Royal Society, “The solar sail and the mirror”, June 5, 2003, http://arxiv.org/html/physics/0306050)
The radiation pressure exerted by incoherent light on diverse surfaces is examined. The thermodynamic rule, first given by Carnot in 1824, describes the limitation to the amount of free energy that can be obtained from a source of thermal energy, and he gave the compelling reason for this rule, that if more free energy than he had prescribed could ever be extracted, then a heat pump could use that free energy and re-create all the heat energy that had been consumed. A perpetual motion machine could then be constructed. Now, 179 years later, it is proposed to fly a spacecraft that is expected to gain velocity from the radiation pressure the sunlight is expected to exert on solar sails, panels of thin plastic sheets, mirror surfaced on the side facing the sun. However a detailed examination of this proposal shows it to be in direct conflict with Carnot's rule, and no such pressure can be expected. Either Carnot's accepted rule is in error, or the solar sail proposal will not work at all. Carnot, a French engineer had described in 1824 a basic law of thermodynamics: heat energy can be converted into "free" energy, such as mechanical energy of motion, but only in an engine which must have certain properties. Heat must enter it at a temperature which we will call T1, and it must then be degraded in the engine to a lower temperature, T2. A certain fraction of this flow of heat energy can then be converted into free energy. The maximum fraction that can be so converted is given by (T1 - T2)/T1. He had shown that the cycle is reversible, so that a heat pump can be constructed that would use free energy to deliver heat; moreover that it would be able to reverse the heat flow from T1 to T2 precisely, if given the maximum free energy obtainable from the heat engine. Thus he showed that a perpetual motion machine could be constructed if either the heat engine or the heat pump could achieve a higher efficiency than that which he had stipulated. Any device that can obtain free energy from a supply of heat, by whatever means, is thus covered by Carnot's rule. 179 years have gone by during which all the heat engines we now employ for every aspect of our civilization have been designed, and all their designers have recognized Carnot's rule as the ultimate aim of their designs. The physicists of that long period have all agreed with that rule. Lord Kelvin based his deduction of the absolute zero of temperature on Carnot's considerations. The absence of perpetual motion machines seems to show that no one has succeeded in overcoming the limitations prescribed by Carnot. Yet now, we have a proposal on the table that runs counter to the rule of Carnot. It is proposed that the radiation pressure on a mirror from a hot body, the Sun, could be used to supply propulsion energy and momentum to a spacecraft, and thus facilitate interplanetary travel of vehicles, without the need for any other means of propulsion. What a desirable solution this would be! The Sun would pour out its energy whatever we do to it, and the momentum associated with that, calculated by Maxwell and confirmed later by Einstein, would be E/c, where E is the amount of energy emitted in a given interval of time, and c is the velocity of light. If a perfect mirror is used to receive the sunlight and its momentum, the re-emission of that light would gain the same momentum once more, and thus the force exerted on a perfect mirror would be doubled. The best mirrors are not completely perfect, but this would cause only a small loss of efficiency. It is proposed to use thin plastic sheet with aluminized mirror surfaces for these "solar sails". The speeds were calculated for a certain speeds of interplanetary travel to be obtained. A fund of several million dollars was assembled for the first space experiment of the new technology is proposed to be launched within a few months of writing this. But what will be the performance of the mirror as a heat engine? If the mirror receives heat energy from the Sun and converts some of this into free energy, namely the kinetic energy of its motion, it falls into the strict definition of a heat engine, and Carnot's rule defining the maximum efficiency for this energy conversion must apply. We can determine the incoming temperature of the radiation by measuring the temperature an absorbing (black) body would reach when exposed to the radiation being sent to the mirror, and the temperature a black body would reach exposed to the outgoing radiation from the mirror, both measurements carried out in common motion with the mirror. Carnot's rule would then give the maximum efficiency as that fraction of the heat flow trough the mirror, given by the difference of the two temperatures, divided by the input temperature. It would be that fraction of the heat flow that could maximally appear as kinetic energy gained by the mass of the mirror. If this was a perfect mirror, the two temperatures will be the same, and it follows that the mirror cannot act as a heat engine at all: no free energy can be obtained from the light. The proposed solar sail cannot be accelerated by sunlight. 

Solar sail missions are limited by thrust level and structural mass

Czysz and Brno 06 – Oliver L. Parks Endowed Chair in Aerospace Engineering at St. Louis University and Professor of Aerospace Mechanics at the University of Rome (“Enabling Technologies for Space Exploration,” Springer, 2006, p. 33)

Two alternatives to the nuclear and electric propulsion systems should be mentioned, although they are incapable at the moment of satisfying the travel time requirement of even a few years at most.  They are the solar sail, and the magnetic sail.  They look appealing, largely because they do not need, especially the former, complex, hardware, and certainly very little or no power generation.  


Solar sails exploit the radiation pressure of photons (light) emitted from the Sun to push a large surface (the ‘sail’), properly oriented in space (Poynting vector) much in the same way as the wind on Earth pushes a sailboat.  The thrust level available is exceedingly small, decreasing with the square of the distance from the Sun.  This limits the usefulness of the solar sail to Mars or the inner planets.  Contrary to what is intuitively assumed, the radial direction of the thrust can still be used to sail ‘against the wind’ and be used for interplanetary missions to inner planets.  Structural mass and low thrust rule out this propulsion concept for manned missions.

Solar Sails fail when applied in space – imperfect sails due to solar radiation pressure, and deployment problems

Rizvi 10 – M.S./B.S. Concurrent Degree Candidate at the Department of Aerospace Engineering Sciences at the University of Colorado (Farheen, “Solar Sail Attitude Dynamics and Coning Control:  On Developing Control Methods for Solar Sail Coning at Orbit Rate to Attain Desired Orbital Effects, 2010, http://www.hanspeterschaub.info/work/Papers/grads/Rizvi_Farheen.pdf)

I.2.3. Structural Analysis

In order to analyze solar sail attitude dynamics and control, accurate prediction of forces and moments acting on the sail are required. Most attitude control systems have been developed for a flat sail. An actual sail in orbit, however, billows out due to the solar radiation pressure. Such sail deformation alters the center of mass to center of pressure offset and thus modifies the resultant thrust force and moment acting on the sail. In a research study, a geometrically nonlinear finite element method is used to calculate force and moment exerted on an arbitrarily shaped solar sail subjected to solar radiation pressure [24]. In addition, it is shown that sail deformation due to solar pressure load can be approximated by deformations that are caused by corresponding uniform gas pressure load. This facilitates force and moment sail analysis via commercial finite element codes. With improved sail structural dynamics, force and moment predictions, more accurate attitude controller designs can be developed. Along with sail shape aberrations, sail surface quality degradation also affects sail attitude. Non-uniform sail reflective property and mass distribution give rise to unknown forces and moments to the control algorithms. A study to reveal how real, imperfect sails act as propulsion devices shows that surface quality errors result in an unacceptable mission profile when no initial calibration or on-the-fly corrections are made [3]. Thus, surface quality degradation prediction remains a difficult challenge. Apart from sail shape deformation and surface defects, sail deployment is also a concern. A challenge has been to study how folded sail membranes behave when deployed. The spacecraft structure houses the creased and packed sail until deployed in space. There is interest in the use of thin-film membrane structures for future gossamer spacecraft missions such as solar sails. Ultrasail (light weight, spinning solar sail) design relies on thin films for propulsion. The structure does not contain booms or masts, which significantly reduces mass and enables high payload fractions and accelerations [1]. A different study on a 500 mm x 500 mm thin-film membrane determined the shape of the deployed membrane and load displacement relationship for in-plane, diagonal loading of the sail corners [19]. Although the analytical analysis is 9 applicable to larger, sail-size membranes, it still remains inconclusive for sail deployment in space because the space environment torques and forces are not simulated. NASA’s advances in solar sail technology however simulated a more space-like environment. The NanoSail-D mission developed, deployed and conducted vacuum testing on two 20 m2 solar sail systems [4]. Although the mission never reached Earth orbit due to launch vehicle failures, NASA achieved advances toward these missions to develop, build and ground-test an innovative solar sail satellite 

Even if it didn’t, it would be impossible to absorb and deliver the momentum from the sun

Gold 03 (Thomas-- professor of astronomy at Cornell University, a member of the U.S. National Academy of Sciences, and a Fellow of the Royal Society, “The solar sail and the mirror”, June 5, 2003, http://arxiv.org/html/physics/0306050)
Would it be better to place a black sheet there instead of a mirror-faced one? Unlike the mirror, this could absorb energy and the momentum associated with that. But it would do this only from the moment of its exposure until it reached thermal equilibrium with the available radiation. Then energy absorption would cease, and with that the delivery of momentum to the sheet would also cease. For any lightweight sheet, this time would be only seconds. It seems that the failure to apply the thermodynamic limitations to radiation physics has shown up in many experiments involving radiation pressure. Thus Crookes' radiometer has invariably rotated in the opposite sense to the expected one. The black side of the paddles invariably recedes from the light, and many explanations have been offered, but not including that which would seem the most obvious: the absence of radiation pressure on the bright side. Similarly all attempts to observe a steady deflection of a pendulum exposed to a light beam have always only shown a brief effect following the sudden beginning of the illumination. Experimental evidence has been ignored and "explained away" each time as some unexpected artifact, because of the widespread belief that the conventional momentum conservation law must be correct. But this law was recognized by Newton only for material bodies, and he had no information about radiation effects. But the momentum conservation law can be shown not to apply to the interaction of radiation with any material objects. For example: take a black (light absorbing) body, initially at rest with a transmitter of radiation. Have the transmitter turn on a beam focused entirely on the body, for an interval during which the total amount of energy emitted is E. The momentum ascribed to this is then E/c, where c is the speed of light. If the entire energy E is used to accelerate the body, the kinetic energy it will then possess is given by 1/2(Mv^2) where M is the mass of the body, while the conservation of momentum with the radiation would have demanded an acceleration of the body to an energy content of Mvc, which is always more than 1/2(Mv^2)while the momentum of the radiation would have to accelerate the body to an energy content of Mvc. From a formal point of view, it is clear that one could not equate radiative momentum content with Newtonian momentum. Newtonian momentum is Mv, clearly a vector, while the momentum attributed to radiation is E/c, a scalar, since E is a scalar and c is a universal constant of nature. When an amount of energy E is captured as heat energy in a body from the light, this amount is thereby converted into a vectorial quantity, moving with the velocity of the body. It is only at this stage that this vectorial quantity can be compared with Newtonian momentum. How much of the radiant energy is absorbed depends not only on the amount of radiation that is directed towards the body, but also on the temperature of the body and the difference of that to the average radiation temperature striking it. This is defined as the temperature a black body would have when equilibrated in the radiation environment to which it is exposed. It is this consideration that brings the radiation result into compliance with Carnot's rule and thus with the amount of free energy that can be obtained from a source of heat. The mass added to the body is given by the equivalent relativistic mass of the energy absorbed, and the radiation pressure is the force we would deduce as necessary to change the momentum of the body by the observed amount. If the body is a perfect mirror or reflector of all incident energy, instead of a black body, then the energy absorbed is zero and so the radiation pressure is zero also. The same is true for any body, when it has reached temperature equilibrium with the radiation to which it is exposed. 

Space Leadership Adv Answers 

The US has taken note of Japanese solar sails developments—NASA has multiple plans for future solar sail missions in the short term 

Ferrebeekeeper 9/29/10 ("Solar sailing," https://ferrebeekeeper.wordpress.com/2010/09/29/solar-sailing/)

To follow up its success JAXA is planning to launce a 50 meter solar sail to the asteroid belt and Jupiter sometime late in the decade.  Other space agencies have taken note and are now playing catch-up with the Japanese.  NASA has plans for several solar sail missions in the coming years (provided poor national leadership does not botch the plans or scrub the funding). Since rocket fuel is heavy (and therefore a major sorce of missin costs), solar sailing technology has interested space agencies and space exploration enthusiasts for some time.  The Planetary Society, an international group dedicated to space exploration, has long advocated solar sails as a revolutionary step forward in space travel. In fact, the Planetary Society chartered a submarine launched Russian rocket to deploy its own solar sail into space but the mission sadly failed when the rocket malfunctioned.  Fortunately, the society has regained its old maniacal chutzpah and is launching a new solar sail mission (additionally, and even more importantly, it continues to lobby national governments for additional space funding)  
US solar sail developments inevitable in the squo—NASA is committed to “aggressively advancing” solar sail tech 

Johnson et al. 10  - Deputy Manager for the Advanced Concepts Office at NASA (Les, R. Young, D. Alhorn, A. Heaton, T. Vansant, B. Campbell, R. Pappa, W. Keats, P. C. Liewer, D. Alexander, J. Ayon, G. Wawrzyniak, R. Burton, D. Carroll, G. Matloff, R. Ya. Kezerashvili, “Solar Sail Propulsion:  Enabling New Capabilities for Heliophysics,” NASA Marshall Space Flight Center, 12/23/10)

NASA is not currently funding solar sail technology. However, NASA is now preparing for a dramatic  change in focus toward the development of advanced space technology that will enable new human and robotic  exploration of the solar system. Solar sails are a technology that can support this aim, and it is likely that within the next few years NASA will again be aggressively advancing the technology toward mission implementation. 

Japan isn’t a threat to the US in the space race: nonmilitary use of space, commercial restrictions

Kamiya 9. (6/30/9. Setsuko, writes for The Japan Times. “Japan a low-key player in space race” http://search.japantimes.co.jp/cgi-bin/nn20090630i1.html. The Japan Times.)
Despite the recession, the government budgeted ¥344.8 billion for space exploration in fiscal 2009, an increase of 10.4 percent from the previous year. Despite such ambitious outlays, Japan lags behind other nations in space.

Following are questions and answers regarding Japan's space endeavors:
 

How did Japan come to participate in the ISS and what is Kibo?
 

Japan signed a treaty to join the ISS project in 1985, a year after President Ronald Reagan announced that the U.S. would develop a manned space station in 10 years and invited the international community to participate. Construction of the ISS began in 1998 and is scheduled for completion next year.
 

Orbiting some 400 km above Earth, the space station is an international effort joined by 15 countries, including the United States, Russia, Japan, Canada and 11 European nations.
 

Participating nations developed the various ISS components and are individually responsible for operating them. The first Kibo component was attached in 2008.
 

Astronauts Takao Doi and Akihiko Hoshide went on separate shuttle missions to the ISS to help assemble and attach Kibo's sections.
 

The next shuttle launch, slated for July 11, will carry Kibo's final components to complete the installment. Wakata will attach them to the ISS before he returns to Earth.
 

Kibo has several facilities, including two for experiments. The Pressurized Module, 11.2 meters in length and 4.4 meters in diameter, contains lower-atmosphere air of similar composition and pressure to Earth's to enable astronauts to work in a comfortable environment. The Exposed Facility is, as its name implies, an area exposed to space. There is also a staging area for long-term experiments in open space.
 

JAXA, in partnership with Mitsubishi Heavy Industries Ltd., is also developing the H-IIB launch vehicle, which will bring supplies to the ISS. The first test launch is scheduled for later this year.
 

Japan's participation in the ISS has boosted the nation's aerospace development technology, JAXA says. 
 

What experiments are conducted in Kibo?
 

One key experiment entails astronomical and environmental observations of Earth and other celestial bodies, according to JAXA.
 Other experiments include producing larger and more uniform-size protein crystals, which JAXA believes will shed light on disease mechanisms and lead to development of new medicines. Studies on the influence of microgravity and radiation on plants, animals and humans, in addition to experiments in robotics, communications and energy, are also scheduled. 
 

How do Japan's space endeavors stack up against those of other countries?
 

Observers agree the U.S. leads in space research and manned missions, followed by Russia and China. Japan is in the next group, competing with European countries, Canada and India. Japan in 1970 became the first Asian nation to successfully launch a satellite. Since then, the program has focused on pursuing space science. 
 

Why does Japan lag behind its rivals?
 

According to Keio University professor Setsuko Aoki, who specializes in space law, Japan has maintained a tight, nonmilitary interpretation of its use of space.
 

Aoki points out that when NASDA was established in 1969, the Diet enacted a resolution that the country would use space for peaceful purposes only.

The basic restrictions on other countries' space programs were mainly that they be "nonaggressive" in nature, as was endorsed by the 1967 Outer Space Treaty. This allows military use of space within the boundaries of the right of defense, Aoki said.
 

Because "space activities are characterized by their dual civilian-military nature, restricting the development and use of space to the 'nonmilitary' realm was impossible," Aoki wrote in a 2008 commentary for the Association of Japanese Institutes of Strategic Studies.
 

Aoki argues that the 1990 Japan-U.S. Satellite Procurement Agreement has also been a disadvantage because the agreement obliged Japan to open its nonresearch-and-development satellite procurements to foreign satellite markets. Domestic businesses were thus excluded from developing satellites for defense, effectively shutting them out of the market. 
 

What is the significance of recent space legislation?
 

Although active in space-related research and development for decades, Japan had no comprehensive space policy until May 2008, when the Diet enacted the Basic Space Law to define the direction and goal of the country's space exploration.
 

The law created the top-down Strategic Headquarters for Space Policy, headed by the prime minister. Until then, several ministries had been in charge of different developmental activities related to space.

The basic space law also "changed the interpretation of 'peaceful purposes' from 'nonmilitary' to 'nonaggressive' to clear the way for a space program that could both comply with international law and the Constitution," Aoki said.
 

The strategic space headquarters on June 2 approved the Basic Space Plan, the first national strategy on space exploration. The 2009-2013 agenda centers on developing space-related industries to become more competitive on the international market. It also clarifies space activities that contribute to national security while promoting diplomacy.
 

Planetary exploration projects are also planned.
 

The main focus will be on the moon, with planetary exploration activities beyond that. The plan involves using robots, including humanoid robots, to operate unmanned probes.
 

Observers expect Japan's space efforts to branch out from basic research and development to commercial activities.
 

However, some experts warn that allowing the wider use of space by the Self-Defense Forces for security purposes, including satellites capable of detecting a ballistic missile launch, may only intensify tensions in Northeast Asia. 
 

What other international space cooperation activities does Japan participate in?


JAXA recently began a three-year joint program with India, Indonesia, Thailand, South Korea, Vietnam and Malaysia to develop a satellite for observing the Asia-Pacific region. The Satellite Technology for the Asia-Pacific Region Program will research observation needs while developing a satellite that JAXA hopes to launch by around 2012.
 
Japan is still playing catch up

Siddiqi 8. (2/12/8. Alif a historian who is an expert on both Cold War technology and the modern space race. In an interview with NOVA. “The Space Race Today.” NOVA. http://www.pbs.org/wgbh/nova/space/space-race-today.html)
Japan is also an interesting case. They have had a space program since the 1970s, like the Chinese, but Japan has been launching really modest missions in terms of scientific exploration. In the mid-1980s they started to get a little ambitious and launched a probe to Halley's Comet and then a probe to the moon and one to Mars, etc. But they ran into a lot of difficulties in the 1990s and early 2000s, partly because of a slight depression in the Japanese economy. They've had a lot of bad luck, and so they're really trying to catch up. 

One thing about Japan is they don't really play up anything as a nationalistic endeavor. I think that's inherent in post-war Japanese culture. They just haven't talked about it as "this great thing that we've done," whereas the PR about China is much more flowery and "this is all about China."  
Space Colonization Adv Answers

Solar sails are unsuitable for deep-space exploration—lack of direction means sending hundreds out is necessary

Hinchey, et. al, 9 – Department of Computer Science, University of Ulster (May 4, Michael G. , Roy Sterritt, and Christopher A. Rouff, Computer Science Research Institute, Lockheed Martin Advanced Technology Laboratories, Space: The final frontier, “Sustainable space exploration missions”, Science Direct)

ANTS (Autonomous Nano Technology Swarm) is a concept NASA mission [9]. In one of its sub-missions, Prospecting Asteroid Mission (PAM), illustrated in Fig. 2, it is envisaged that a transport ship, launched from Earth, will travel to a point in space where gravitational forces on small objects (such as pico-class spacecraft) are all but negligible. From this point, termed a Lagrangian, 1000 spacecraft, which will have been assembled en route from Earth, will be launched into the asteroid belt. It is expected that as much as 60-70% of them will be lost during the mission, primarily because of collisions with each other or with an asteroid during exploration operations, since, having only solar sails to provide thrust, their ability to maneuver will be severely limited. Because of their small size, each spacecraft will carry just one specialized instrument for collecting a specific type of data from asteroids in the belt. Approximately 80% of the spacecraft will be workers that will carry the specialized instruments (e.g., a magnetometer or an X-ray, gamma-ray, visible/IR, or neutral mass spectrometer) and will obtain specific types of data. Some will be coordinators (called leaders) that have rules that decide the types of asteroids and data the mission is interested in and that will coordinate the efforts of the workers. The third type of spacecraft is messengers that will coordinate communication between the rulers and workers, and communications with the Earth ground station. The swarm will form sub-swarms under the control of a ruler, which contains models of the types of science that it wants to perform. The ruler will coordinate workers, each of which uses its individual instrument to collect data on specific asteroids and feed this information back to the ruler, who will determine which asteroids are worth examining further. If the data matches the profile of a type of asteroid that is of interest, an imaging spacecraft will be sent to the asteroid to ascertain the exact location and to create a rough model to be used by other spacecraft for maneuvering around the asteroid. Other teams of spacecraft will then coordinate to finish mapping the asteroid to form a complete model. New approaches to exploration missions such as ANTS augur great potential, but simultaneously pose many challenges. The missions will be unmanned and necessarily highly autonomous. They will also exhibit the properties of autonomic systems of being self-protecting, self-healing, self-configuring, and self-optimizing in order to assist in the survivability of the mission. Many of these missions will be sent to parts of the solar system where manned missions are simply not possible, and to where the round-trip delay for communications to spacecraft exceeds 40 min, meaning that the decisions on responses to problems and undesirable situations must be made in situ rather than from ground control on Earth. The authors have been collaborating on developing techniques and new self-* paradigms, which may be applicable to future swarm-based missions. In addition, the degree of autonomy that such missions will possess would require a prohibitive amount of testing in order to accomplish system verification. Furthermore, learning and adaptation with the goal of continual improvements in performance will mean that emergent behavior patterns simply cannot be fully predicted through the use of traditional system development methods. The Formal Approaches to Swarm Technology (FAST) project aimed at devising a formal (mathematical) approach to the development and verification of complex swarm-based systems, using ANTS as a baseline for comparing approaches [10]. The project proposed a hybrid formal method that may be beneficial in the specification, design, and eventual implementation of swarm-based space exploration missions, such as exemplified by ANTS. Again, it should be emphasized that ANTS is a concept mission. Whether it eventually launches or not, many of the concepts—a large number of smaller spacecraft working collaboratively to explore regions where a single spacecraft could not, or where it would be impractical to send a single large spacecraft; missions exhibiting self-management where new behaviors are learnt and emerge without previously being specified or programmed; and where spacecraft are self-sustaining in harsh environments without control from Earth—will clearly be essential to future space exploration missions to harsh environments like the sulfuric acid environment of Venus, or to Titan, the largest of Saturn's moons. Another submission of the ANTS concept mission—SARA, the Saturn Autonomous Ring Array—also envisages the launch of 1000 pico-class spacecraft, again organized as ten sub-swarms and each with specialized instruments, to provide in situ exploration of Saturn's rings. The problem here is the significant density of objects in Saturn's rings (and the rings of other planets) compared to the relatively low density of the asteroid belt where distances between objects are large enough to have names. Solar sails would not be appropriate and new power sources, including nuclear propulsion, would need to be developed. Other concepts for the future exploitation of swarm technologies include the use of small craft that could fly low over the surfaces of moons and planets, such as Mars, covering as much terrain in a few seconds as the now-famous Mars Rovers have in their entire time on Mars. For such missions, solar sails would not be appropriate, and such swarms might resemble spacecraft more akin to miniature aircraft. 

Propulsion gets weaker as distance increases

Long, et. al, 10 – project director at the British Interplanetary Society (May 24,  PROJECT ICARUS STUDY GROUP, “Flying Closer to Another Star”, http://arxiv.org/abs/1005.3833) 

Although there are exotic concepts for interstellar travel such as warp drive and wormholes, these are currently considered to be purely speculative [6,7] . Concepts such as antimatter have been investigated but the technology is currently too immature to harness for a spacecraft [8]. Employing the energy from the Sun in solar sail driven vehicles is credible but has the problem that solar intensity reduces inversely with the distance squared. This can be compensated for by using large collimated laser beams [9], but this technology has not been demonstrated for such an application. In the search for fuels which are energetic, provide for low mass ratios, low Thrust/weight ratio for high exhaust velocities, designers are led to consider nuclear pulse engines, in particular with a fusion based fuel. 

Sunlight intensity is too weak and nuclear fission solves better

Powell, Maise Paniagua 04 (Principal researchers-- American Institute of Aeronautics and Astronautics, “Is NTP key to exploring space”, January 2004, http://www.aiaa.org/aerospace/images/articleimages/pdf/maisejanuary04.pdf)
Chemical rockets have reached their performance limits, and no significant improvements appear likely. These inherent constraints make the use of such rockets for planetary science and exploration difficult, expensive, and restricted in scope. Missions to the outer solar system, which take many years, have been few and far between—Pioneer, Voyagers I and II, Galileo, and Cassini. Recent problems with the Pluto flyby and the Europa Orbiter missions are evidence of the limits of chemical propulsion. Only nuclear propulsion can allow truly unrestricted exploration of the outer solar system. Sunlight intensity is too weak for solar electric propulsion and solar sails, while fusion, laser sails, and antimatter propulsion remain far in the future, even if possible. Nuclear (fission) propulsion comes in two very different versions— nuclear thermal propulsion (NTP) and nuclear electric propulsion (NEP)—and the differences between the two are important. 

Even 200 years of solar sail development can’t solve space colonization: humans wouldn’t survive the trip to Mars, and rocket fuel has to be used to carry even the smallest payloads

Overbye 9. (Dennis—writer for The International Herald Tribune. 11/11/09. “A dream to sail on a sunbeam; Planetary Society plans to fly solar-sail craft in orbit, then deeper space” The International Herald Tribune. Lexisnexis.)
Whether humans could ever take these trips depends on just how starry-eyed one's view of the future is.

Dr. Friedman said it would take too long and involve too much exposure to radiation to sail humans to a place like Mars. He said the only passengers on an interstellar voyage - even after 200 years of additional technological development - were likely to be robots or perhaps our genomes encoded on a chip, a consequence of the need to keep the craft light, like a giant cosmic kite. 

In principle, a solar sail can do anything a regular sail can do, like tacking. Unlike other spacecraft, it can act as an antigravity machine, using solar pressure to balance the Sun's gravity and thus hover anyplace in space.

And, of course, it does not have to carry tons of rocket fuel.

''Think centuries or millennia, not decades,'' said Dr. Dyson, who also said he approved of the Planetary Society project.

''We ought to be doing things that are romantic,'' he said, adding that nobody knew yet how to build sails big and thin enough for serious travel.

''You have to get equipment for unrolling them and stretching them - a big piece of engineering that's not been done. But the joy of technology is that it's unpredictable.''

At one time or another, many of NASA's laboratories have studied solar sails. Scientists at the Jet Propulsion Laboratory even once investigated sending a solar sail to rendezvous and ride along with Halley's Comet during its pass in 1986. 

But efforts by the agency have dried up as it searches for dollars to keep the human spaceflight program going, said Donna Shirley, a retired J.P.L. engineer and former chairwoman of the NASA Institute for Advanced Concepts.

Dr. Shirley said that the solar sail was feasible and that the only question was, ''Do you want to spend some money?'' Until the technology had been demonstrated, she said, no one would use it.

Japan continues to have a program, and test solar sails have been deployed from satellites or rockets, but no one has ever gotten as far as trying to sail them anywhere.


The LightSail missions will be spread about a year apart, starting around the end of 2010, with the exact timing depending on what rockets are available. The idea, Dr. Friedman said, is to piggyback on the launching of a regular satellite. Various American and Russian rockets are all possibilities for a ride, he said.

Dr. Friedman said the first flight, LightSail-1, would be a success if the sail could be controlled for even a small part of an orbit and it showed any sign of being accelerated by sunlight. ''For the first flight, anything measurable is great,'' he said. In addition there will be an outrigger camera to capture what Ms. Druyan called ''the Kitty Hawk moment.''

The next flight will feature a larger sail and will last several days, building up enough velocity to raise its orbit by tens or hundreds of miles, Dr. Friedman said. 

For the third flight, Dr. Friedman and his colleagues intend to set sail out of Earth orbit with a package of scientific instruments to monitor the output of the Sun and provide early warning of magnetic storms that can disrupt power grids and even damage spacecraft. The plan is to set up camp at a point where the gravity of the Earth and Sun balance each other - called L1, about 900,000 miles from the Earth - a popular place for conventional scientific satellites.

That, he acknowledges, will require a small rocket, like the attitude control jets on the shuttle, to move out of Earth orbit, perhaps frustrating to a purist.
Human space colonization is impossible—cosmic rays, environment of potential targets, and robots are the only solution

Stross 7 – scifi writer and Locus best novel award winner (June 16, “The High Frontier, Redux” http://www.antipope.org/charlie/blog-static/2007/06/the_high_frontier_redux.html) 

We're human beings. We evolved to flourish in a very specific environment that covers perhaps 10% of our home planet's surface area. (Earth is 70% ocean, and while we can survive, with assistance, in extremely inhospitable terrain, be it arctic or desert or mountain, we aren't well-adapted to thriving there.) Space itself is a very poor environment for humans to live in. A simple pressure failure can kill a spaceship crew in minutes. And that's not the only threat. Cosmic radiation poses a serious risk to long duration interplanetary missions, and unlike solar radiation and radiation from coronal mass ejections the energies of the particles responsible make shielding astronauts extremely difficult. And finally, there's the travel time. Two and a half years to Jupiter system; six months to Mars. Now, these problems are subject to a variety of approaches — including medical ones: does it matter if cosmic radiation causes long-term cumulative radiation exposure leading to cancers if we have advanced side-effect-free cancer treatments? Better still, if hydrogen sulphide-induced hibernation turns out to be a practical technique in human beings, we may be able to sleep through the trip. But even so, when you get down to it, there's not really any economically viable activity on the horizon for people to engage in that would require them to settle on a planet or asteroid and live there for the rest of their lives. In general, when we need to extract resources from a hostile environment we tend to build infrastructure to exploit them (such as oil platforms) but we don't exactly scurry to move our families there. Rather, crews go out to work a long shift, then return home to take their leave. After all, there's no there there — just a howling wilderness of north Atlantic gales and frigid water that will kill you within five minutes of exposure. And that, I submit, is the closest metaphor we'll find for interplanetary colonization. Most of the heavy lifting more than a million kilometres from Earth will be done by robots, overseen by human supervisors who will be itching to get home and spend their hardship pay. And closer to home, the commercialization of space will be incremental and slow, driven by our increasing dependence on near-earth space for communications, positioning, weather forecasting, and (still in its embryonic stages) tourism. But the domed city on Mars is going to have to wait for a magic wand or two to do something about the climate, or reinvent a kind of human being who can thrive in an airless, inhospitable environment. 

Mars colonization is comparatively worse than the moon—terrible environment and launch costs 

Stross 7 – scifi writer and Locus best novel award winner (June 16, “The High Frontier, Redux” http://www.antipope.org/charlie/blog-static/2007/06/the_high_frontier_redux.html) 

Optimistic projects suggest that it should be possible, with the low cost rockets currently under development, to maintain a Lunar presence for a transportation cost of roughly $15,000 per kilogram. Some extreme projections suggest that if the cost can be cut to roughly triple the cost of fuel and oxidizer (meaning, the spacecraft concerned will be both largely reusable and very cheap) then we might even get as low as $165/kilogram to the lunar surface. At that price, sending a 100Kg astronaut to Moon Base One looks as if it ought to cost not much more than a first-class return air fare from the UK to New Zealand ... except that such a price estimate is hogwash. We primates have certain failure modes, and one of them that must not be underestimated is our tendency to irreversibly malfunction when exposed to climactic extremes of temperature, pressure, and partial pressure of oxygen. While the amount of oxygen, water, and food a human consumes per day doesn't sound all that serious — it probably totals roughly ten kilograms, if you economize and recycle the washing-up water — the amount of parasitic weight you need to keep the monkey from blowing out is measured in tons. A Russian Orlan-M space suit (which, some would say, is better than anything NASA has come up with over the years — take heed of the pre-breathe time requirements!) weighs 112 kilograms, which pretty much puts a floor on our infrastructure requirements. An actual habitat would need to mass a whole lot more. Even at $165/kilogram, that's going to add up to a very hefty excess baggage charge on that notional first class air fare to New Zealand — and I think the $165/kg figure is in any case highly unrealistic; even the authors of the article I cited thought $2000/kg was a bit more reasonable. Whichever way you cut it, sending a single tourist to the moon is going to cost not less than $50,000 — and a more realistic figure, for a mature reusable, cheap, rocket-based lunar transport cycle is more like $1M. And that's before you factor in the price of bringing them back ... The moon is about 1.3 light seconds away. If we want to go panning the (metaphorical) rivers for gold, we'd do better to send teleoperator-controlled robots; it's close enough that we can control them directly, and far enough away that the cost of transporting food and creature comforts for human explorers is astronomical. There probably are niches for human workers on a moon base, but only until our robot technologies are somewhat more mature than they are today; Mission Control would be a lot happier with a pair of hands and a high-def camera that doesn't talk back and doesn't need to go to the toilet or take naps. When we look at the rest of the solar system, the picture is even bleaker. Mars is ... well, the phrase "tourist resort" springs to mind, and is promptly filed in the same corner as "Gobi desert". As Bruce Sterling has puts it: "I'll believe in people settling Mars at about the same time I see people settling the Gobi Desert. The Gobi Desert is about a thousand times as hospitable as Mars and five hundred times cheaper and easier to reach. Nobody ever writes "Gobi Desert Opera" because, well, it's just kind of plonkingly obvious that there's no good reason to go there and live. It's ugly, it's inhospitable and there's no way to make it pay. Mars is just the same, really. We just romanticize it because it's so hard to reach." In other words, going there to explore is fine and dandy — our robots are all over it already. But as a desirable residential neighbourhood it has some shortcomings, starting with the slight lack of breathable air and the sub-Antarctic nighttime temperatures and the Mach 0.5 dust storms, and working down from there. Actually, there probably is a good reason for sending human explorers to Mars. And that's the distance: at up to 30 minutes, the speed of light delay means that remote control of robots on the Martian surface is extremely tedious. Either we need autonomous roots that can be assigned tasks and carry them out without direct human supervision, or we need astronauts in orbit or on the ground to boss the robot work gangs around. On the other hand, Mars is a good way further away than the moon, and has a deeper gravity well. All of which drive up the cost per kilogram delivered to the Martian surface. Maybe FedEx could cut it as low as $20,000 per kilogram, but I'm not holding my breath. 

The necessary human generational ships are not only science fiction but would fail

Stross 7 – scifi writer and Locus best novel award winner (June 16, “The High Frontier, Redux” http://www.antipope.org/charlie/blog-static/2007/06/the_high_frontier_redux.html) 

Our one astronaut, 10% of c mission approximates well to an unmanned flight, but what about longer-term expeditions? Generation ships are a staple of SF; they're slow (probably under 1% of c) and they carry a self-sufficient city-state. The crew who set off won't live to see their destination (the flight time to Proxima Centauri at 1% of c is about 420 years), but the vague hope is that someone will. Leaving aside our lack of a proven track record at building social institutions that are stable across time periods greatly in excess of a human lifespan, using a generation ship probably doesn't do much for our energy budget problem either. A society of human beings are likely to need more space and raw material to do stuff with while in flight; sticking a solitary explorer in a tin can for forty-something years is merely cruel and unusual, but doing it to an entire city for several centuries probably qualifies as a crime against humanity. We therefore need to relax the mass constraint. Assuming the same super-efficient life support as our solitary explorer, we might postulate that each colonist requires ten tons of structural mass to move around in. (About the same as a large trailer home. For life.) We've cut the peak velocity by an order of magnitude, but we've increased the payload requirement by an order of magnitude per passenger — and we need enough passengers to make a stable society fly. I'd guess a sensible lower number would be on the order of 200 people, the size of a prehistoric primate troupe. (Genetic diversity? I'm going to assume we can hand-wave around that by packing some deep-frozen sperm and ova, or frozen embryos, for later reuse.) By the time we work up to a minimal generation ship (and how minimal can we get, confining 200 human beings in an object weighing aout 2000 tons, for roughly the same period of time that has elapsed since the Plymouth colony landed in what was later to become Massachusetts?) we're actually requiring much more energy than our solitary high-speed explorer. And remember, this is only what it takes to go to Proxima Centauri our nearest neighbour. Gliese 581c is five times as far away. Planets that are already habitable insofar as they orbit inside the habitable zone of their star, possess free oxygen in their atmosphere, and have a mass, surface gravity and escape velocity that are not too forbidding, are likely to be somewhat rarer. (And if there is free oxygen in the atmosphere on a planet, that implies something else — the presence of pre-existing photosynthetic life, a carbon cycle, and a bunch of other stuff that could well unleash a big can of whoop-ass on an unprimed human immune system. The question of how we might interact with alien biologies is an order of magnitude bigger and more complex than the question of how we might get there — and the preliminary outlook is rather forbidding.) The long and the short of what I'm trying to get across is quite simply that, in the absence of technology indistinguishable from magic — magic tech that, furthermore, does things that from today's perspective appear to play fast and loose with the laws of physics — interstellar travel for human beings is near-as-dammit a non-starter. And while I won't rule out the possibility of such seemingly-magical technology appearing at some time in the future, the conclusion I draw as a science fiction writer is that if interstellar colonization ever happens, it will not follow the pattern of historical colonization drives that are followed by mass emigration and trade between the colonies and the old home soil. 

Debris makes space exploration impossible

Spinks, 7  - science author and writer for The Age, an educational journal (August 12, The Age Education Resource Center, “Spaced Out with Junk”, Lexis)
Space campers, when not engaging in rocket science, cannot resist glancing up at the sky. The atmosphere might be polluted, they reason, but some imagine the void that lies beyond is really empty and clean. Well, is it? Not really. Some failed spacecraft, redundant satellites and spent booster rockets end up back on Earth. But the fragmented remains of others are collecting like interplanetary flotsam and jetsam in the space surrounding our beautiful but defiled planet. The man-made debris poses a heightened threat to spacecraft, as well as to future attempts to colonise the moon or Mars. Unless Russian, American and European space pioneers - who between them launch more than 100 spacecraft every year - find ways to stop the pollution and perhaps start a clean-up, humans may one day not be able to navigate their way safely beyond Earth's atmosphere. As you read this edition of All About Science, thousands of sizeable pieces of junk are hurtling around the Earth at thousands of kilometres an hour. They are accompanied by hundreds of thousands of pieces of space shrapnel smaller than a tennis ball, some with the potential to penetrate or even wreck a spacecraft.

Cosmic rays will make any colonization attempts lethal in the long term

Reuters, 8 (April 1, Maggie Fox, Health and Science Editor, Space Rays Keeping Us From Mars, http://uk.reuters.com/article/topNews/idUKN3139657820080401?pageNumber=1&virtualBrandChannel=0) 

Cosmic rays are so dangerous and so poorly understood that people are unlikely to get to Mars or even back to the moon until better ways are found to protect astronauts, experts said on Monday. And NASA is not properly funding the right experiments to find out how, the National Research Council committee said. "One of the big issues is they have really cut funding for biology issues," retired space shuttle astronaut James van Hoften, who chaired the committee, said in a telephone interview. "It is tough on them when they don't have any new money coming in. They are using old data," he added -- including research done on survivors of the nuclear bombings of Japan during World War Two. "Given today's knowledge and today's understanding of radiation protection, to put someone out in that type of environment would violate the current requirements that NASA has." The committee of experts agreed that NASA'S existing radiation safety standards can protect astronauts and they urged the U.S. space agency to keep them in place. The Earth's bulk, atmosphere and magnetic field protect life from the solar radiation and the cosmic rays that travel through space. Astronauts have just a thin layer of shielding. Van Hoften knows from personal experience. "My introduction to space radiation came first-hand as a crew member aboard the Space Shuttle Challenger in April 1984. 'What the heck was that?' I blurted out after seeing what looked like a white laser passing quickly through my eyes," van Hoften wrote in the introduction to the report. "'Oh, that's just cosmic rays,' said Pinky Nelson, my spacewalking partner and space physicist. The thought of extremely high-energy particles originating from a distant cosmic event passing easily through the space shuttle and subsequently through my head made me think that this cannot be all that healthy. The truth of the matter is that it is not." NOWHERE TO HIDE The cosmic rays include galactic cosmic radiation or GCR and solar particles. "You can put on very thick walls and they just won't protect you from that," van Hoften said. "The younger you are the worse it is," he added, because as with many types of radiation, it can take years for the damage to cause disease. "It might be OK if you just send a bunch of old guys like me," he laughed. Any mission to Mars using current technology would take three years, van Hoften said. That long in space would subject astronauts to too much radiation . "It hasn't really gotten the airing that it needs. In the committee we stewed over this for a long time before we said anything," he added. Ejections of dangerous particles from the sun can be forecast, but astronauts must hide in specially shielded areas of shuttles or space stations and may miss important tasks, the committee said. Adding more shielding can make spacecraft too heavy and is too expensive, added the report from the council, one of the independent National Academies of Science that advises the federal government. The report, commissioned by NASA's Exploration Systems Mission Directorate, said the radiation poses cancer and other health risks for years after astronauts return to Earth. 

Panspermia Answers
Panspermia is unethical—only a risk we’re disrupting local life

Glister 10. (2/12/10. Paul, Technology Columnist – News & Observer. “Directed Panspermia: Seeding the Galaxy” Centauri Dreams. http://www.centauri-dreams.org/?p=11334)
All of which leads us to the ethical dilemma. How do we choose our targets so as not to disturb already existing life? Mautner considers this in his paper (internal references omitted for brevity): 

Can panspermia missions perturb existing extraterrestrial life? At present, there is no conclusive scientific evidence for extraterrestrial life; though admittedly not all scientists share this opinion… Every living cell needs thousands of complex components as DNA, proteins and membranes, and the probability of these components coming together to originate life may be very small even on billions of planets… 

If we still detect extraterrestrial life, we can avoid these targets. In any case, we can target new solar systems where life could not have evolved yet. We may seed a few hundred new solar systems, that will secure the future of our family of gene/protein life but will leave all the other hundred billion stars in the galaxy and their possible indigenous life unperturbed. 

Yes, we can target locations where life is not likely to have already evolved, but how accurate can our assessments be given the constraints of current observational technology? Moreover, even that approach leads to potential problems. Panspermia assumes movement of life’s building blocks and even life itself through space. Seed a planetary system with life and it could be millions of years before that life moved from an asteroid in the system to a planet in the habitable zone, one that in the interval had developed life forms of its own. We can never be sure we are not displacing local life. 

Mautner thinks even this scenario is not a showstopper: 

If there is local life there that is fundamentally different, it will not be affected; if it is gene/protein life, it may be enriched and we can induce higher evolution. The new biospheres may prepare the way for human colonization if interstellar human travel becomes possible. 

Which Life Survives? 

But I’m thinking that sending cyanobacteria to other star systems to consume toxins and pump out oxygen is a dangerous form of meddling because it assumes that forms of life related to our biosphere are the ones that should survive. Ian O’Neill has an amusing but pointed take on this in a recent post: 

If our life takes hold of a planet where another life had the opportunity to evolve into an interstellar civilization in a couple of billions of years time, wouldn’t we be in violation of some kind of cosmic anti-monopoly regulation (or at least in violation of the Prime Directive)? 

And there’s another thing to ponder: What if “life” is the universal equivalent of some kind of infection. Is life rare because the universe has a very strong immune system? Firing our genetic code far and wide could be considered to be biological pollution. 

I’m all for spreading the human influence around the galaxy, but I think this can only be considered if we physically go to these alien worlds, to evaluate these places in person before we start setting up home. Blindly sending life from Earth to habitable worlds and planet-forming accretion disks seems a little reckless, especially as we have no clue about the consequences if we started impregnating unsuspecting planets. 

As we await results from Kepler and more from CoRoT, we still have no realistic assessment of the number of terrestrial planets around stars in our galaxy, nor do we have spectroscopic data that can tell us whether or not such worlds bear life. Is the meaning of life wrapped up in self-propagation, as Mautner’s paper suggests? If so, then pushing life from our biosphere outward is simply fulfilling our basic purpose.  

But perhaps there is more to life, including the ethical responsibility to let life take its own directions in those niches where it has already taken hold. I’m not persuaded by a panbiotic ethics that doesn’t take into account the huge gaps in our knowledge about how and where life may form.  

Panspermia is unethical: contaminates other planets, is an example of anthropocentrism and would destroy native biota

Arnould 10. (May 2010. Jacques, Ph.D. in History of Sciences and Ph. D. in Theology, he is the French Space Agency (CNES) expert in charge of ethical, social and cultural aspect of space activities.. “Purposeful Panspermia: The Other Conquest of Space? Ethical Considerations” The Journal of Cosmology. http://journalofcosmology.com/Panspermia7.html)
It is certain that in order for the idea of active or deliberate panspermia to be analysed, critiqued and debated, we must first define the concept of nature and humankind which serves as its ideological basis. Moreover, this concept cannot be merely theoretical; it must necessarily be practical. For example, if humans in the past could have an anthropocentric view which was entirely theoretical (even on the scales of time and space they had at the time), our anthropocentrism must now be practical. We humans must assume real responsibility not just for Earth and its ecosystems, but for other planets which we might contaminate with life, thus destroying whatever life may already dwell on these other worlds. Today we have the means to willingly disseminate life forms elsewhere than on Earth; there is nothing to stop us from contaminating other worlds, perhaps to terraform them to make them fit someday for colonization, or to destroy potential competitors already dwelling on these planets. But do we have the right?
Similar questions have been raised in the debates surrounding genetic engineering: to what extent do genetic techniques surpass what natural processes could accomplish, even over long time periods? Is it possible to take genes beyond the limits of evolution, to design hybrids that cannot be obtained by natural processes? In other words, does humanity have the right? Can we take the risk of diverging from the possibilities offered by nature to enter the realm of what is, in the strictest sense, artificial? Deliberate, directed panspermia raises similar questions: should we cast earthly organisms outside our planet? What if, in so doing we destroy extraterrestrial life forms or intelligent beings? How far can we overstep the boundaries in interplanetary, interstellar and intergalactic space? In debating these issues and considering these questions, there often emerges a recurring notion which is shared by many cultures – that of the sacred; life is endowed with a sacred quality. Should this "sacred" quality slow or stop all our attempts to control, modify or manipulate life, or to use it for cosmic development? These questions strike me as judicious, but are also associated with the notion of transgression as presented by the French philosopher Roger Caillois (Caillois, 1939); in this sense, the human being is prompted and encouraged to become fully aware of the act he commits, so as to choose not to act.
There’s a one in a million chance of success – cosmic radiation and length of journey

Battersby 2/5/11 - visiting senior fellow at the Robens Centre for Public and Environmental Health, University of Surre, President of the Chartered Institute of Environmental Health (Stephen, “Go Forth and Multiply,” New Scientist, lexis nexis)

In that case, a softer target might be a disc of gas and dust around a young star, such as Beta Pictoris, 63 light years away. Here the tactics of the swarm come in: "If you send billions of small vehicles, hopefully some will arrive," says Mautner. Each vessel could hold 100,000 freeze-dried bacteria in a capsule just 40 micrometres across, towed behind a sail less than 4 millimetres across. When these seed pods arrive, drag from the gas in the disc would slow them down. As comets and rocky bodies form in the disc, says Mautner, some seed pods will become incorporated and eventually a few should end up on the surfaces of planets. 

The journey will take a long, long time. Even at a speed of 150 kilometres per second, the trip to Beta Pictoris would take more than 120,000 years. Can any living organism survive such an epic voyage in space? "That is the biggest open question," says Mautner.

The toughest passengers may be freeze-dried bacteria, which are often stored for long periods in laboratories. Some bacteria can dry themselves out and produce a hardy dormant form called an endospore. There are controversial claims of endospores being revived after being locked in amber for 40 million years, or after being trapped in salt crystals in a cave in New Mexico for 250 million years. Even if some bacteria really can snooze for a quarter of a billion years, though, they are far less likely to survive in space than in a cave. 

Dead on arrival

The big danger is cosmic rays –; energetic protons and other charged particles that can smash up DNA. We are shielded from most cosmic rays by Earth's atmosphere and the solar wind, but in interstellar space the microbe passengers of a small seed capsule would face the radiation unprotected.

We know that they could cope for a few years, at least. Bacteria have survived for more than 18 months outside the International Space Station. Much longer-term exposure would be more challenging, but might not be terminal, says Lewis Dartnell of University College London, who studies the potential for microbes to survive on Mars. "The numbers might work out if you can send enough microbial voyagers in each capsule. The vast majority would die on the way from radiation, but a tiny fraction would survive." After a million years with negligible shielding, he calculates, about one in a million freeze-dried bacteria would remain alive. At the solar-sail speeds envisaged by Mautner, a million years is long enough to travel 500 light years.

Imprecise, passive nature of solar sails means chances of panspermia success is close to zero

Battersby 2/5/11 - visiting senior fellow at the Robens Centre for Public and Environmental Health, University of Surre, President of the Chartered Institute of Environmental Health (Stephen, “Go Forth and Multiply,” New Scientist, lexis nexis)

Billions, perhaps many billions, will be needed. Even the closest planetary systems are tiny targets, and most capsules will miss altogether. They are also moving targets, and we will need ultraprecise measurements of their motions before an unguided mission could succeed. That should be possible with space-based telescope arrays within a few decades, Mautner says. 

Marc Millis of the Tau Zero Foundation, which promotes research into interstellar travel, is sceptical. "It's hard to hit interstellar targets, and it is much harder to hit targets with passive sails than with a vehicle that can correct its course as it goes along." 

Aim becomes less of a problem in one of Mautner's grander plans. He hopes to seed entire star-forming regions holding dozens of new stars, such as the Rho Ophiuchi cloud, about 500 light years away. That is a big target, no problem to hit. On the downside, such large-scale carpet-bombing would probably need millions of times as many seed capsules as a single planet or planet-forming accretion disc. And once there, most of the intrepid bugs might have wait millions of years, all the while exposed to the hard rain of cosmic radiation, before anything solid forms.

If fleets of simple spacecraft can't do the job, a more high-tech approach will be needed. Sails propelled not by sunlight but by huge lasers in Earth orbit could theoretically reach speeds of thousands of kilometres per second, slashing travel time and radiation exposure, and they could probably be aimed more precisely than sun-catching sails. Advanced robotics could even guide microbial passengers to the most promising havens on new worlds.

Turn – Panspermia could prevent new forms of life from evolving on these planets or kill existing life forms

Battersby 2/5/11 - visiting senior fellow at the Robens Centre for Public and Environmental Health, University of Surre, President of the Chartered Institute of Environmental Health (Stephen, “Go Forth and Multiply,” New Scientist, lexis nexis)

While the challenges are huge, there is no doubt that it will be easier to send bacteria than people. They are only very distant cousins of ours, but as far as Mautner is concerned, kin is kin. "Life is one big family, and the purpose of life is to propagate," he says. "If we manage to seed life on a few hundred planets, we can start many chains of evolution. Hopefully some will evolve into intelligent beings."

McKay agrees. "When we look around the universe we see a lot of different things, but the thing that is most interesting, the only thing that is a source of value, is life," he says. "I like the argument that humans should seek to expand the richness and diversity of life."

Complete annihilation

There is a risk that we would be doing the opposite, however. The presence of Earth colonists might prevent new forms of life evolving from scratch. Worse still, the colonists might kill off native life forms. 

Consider the opposite situation. "How would we react if another civilisation sent to Earth a directed panspermia package containing alien microbes, and it affected the Earth's biosphere in a negative way?" asks astrobiologist and writer Barry DiGregorio, affiliated with Cardiff University in the UK. If we cannot be sure that microbes won't harm existing life, then we shouldn't send them, he says. "The only reason I can think of to try it, as a last resort, is if the Earth was facing complete annihilation by an impending solar event, asteroid or comet catastrophe."

Others are less worried. "My feeling is that any natives, adapted to their environment, would be better equipped and so outcompete the new arrivals," says Dartnell, "but that might not always be the case."

Proposed space telescopes such as NASA's Terrestrial Planet Finder could check for signs of life on other worlds before capsules are sent. They would not be able to detect the early stages of life, Dartnell says, but they should reveal where a biosphere is well established. If these searches do not find any such signs, it will be evidence that life does not readily get started and needs our helping hand.

If, on the other hand, life is found to be plentiful, there would be no need for directed panspermia. A galaxy teeming with aliens might be a sign that life evolves readily, or spreads rapidly between star systems by natural panspermia, or both. Or maybe, as Carl Sagan suggested in 1966, another civilisation had this idea billions of years ago and successfully spread their seed throughout the galaxy. Was our ancestor the lone survivor of a tiny starship that crash-landed on a bleak and barren planet far from home? 

Asteroid Deflection Adv Answers

Aphophis’s impact can’t be predicted and solar sails might make its trajectory worse

Dillow 10 (“Solar Sail Arrays Could Be Used to Divert Incoming Asteroids by Shading Them From the Sun,” Popsci, 12/22/10, http://www.popsci.com/technology/article/2010-12/solar-sails-could-divert-asteroids-shading-them-sun)

A group of solar sailing spacecraft flying in formation could get between Apophis and the sun, blocking solar radiation and elimination the Yarkovsky effect, altering Apophis’s orbit significantly over time.
Of course, it’s not easy to predict Apophis's trajectory that far into the future with absolute certainty, and there’s no guarantee nudging the asteroid might not make things worse. And, as critics have pointed out, if you’re going to launch a mission all the way out to Apophis you might alter its orbit just as easily by – that’s right – crashing a spacecraft directly into it.
Regardless, the strides being made in solar sail tech are promising, and the versatile way they are being employed – even in theory only – show a lot of potential for the nascent technology. 

Solar sails can’t effectively address asteroid deflection—fragility and how/where to attach to asteroids 

Lewis 1996 -  professor of planetary science at the University of Arizona's Lunar and Planetary Laboratory (John S., Rain of Iron and Ice, p. 183-222)

The last propulsion option is the least conventional: solar sails. A solar sail is a huge, ultralightweight mirror that runs on the recoil of sunlight reflected from its surface. No propellant or working fluid is needed. In open space not too tar from the Sun, solar sails made of very thin metallic films can perform beautifully without the need to carry any propellant or working fluid. The application of solar sails to asteroid transportation is a bit less straightforward. The immense area of the sail and its extreme fragility make it vulnerable to gravitational stresses. There is also the familiar problem of how and where to attach it to the asteroid. Given time to solve them, these problems do not seem very daunting.
The Sails would be too big to be viable for asteroid deflection

CSM 01 (Christian Science Monitor, THE CAMBRIDGE-CONFERENCE NETWORK, 2001, http://abob.libs.uga.edu/bobk/ccc/cc110901.html)

Mirrors and solar sails: for what concern solar mirrors, they essentially act like laser system. A suitable mirror, orbiting around the asteroid, collects solar radiation and focuses it onto the asteroid surface. This high energy concentration vaporises the surface material creating a thrusting stream. A different way to take advantage of solar radiation is to create huge mirror sails and to attach them to the asteroid. In this case, the thrust needed for deflection is provided by the solar light pressure. It is pretty clear that this strategy suffers, more than others, from many technical problems; for example, the sail area has to be at least in the order of many square kilometers to provide a sensible thrust.

Large Asteroids would be unblockable and nudging could make it worse

Dillow 10

(Clay—Freelance writer, Popular Science, “Solar Sail Arrays Could Be Used to Divert Incoming Asteroids by Shading Them From the Sun”, 12/22/10, http://www.popsci.com/technology/article/2010-12/solar-sails-could-divert-asteroids-shading-them-sun)

The idea is to eliminate the so-called Yarkovsky effect, a phenomenon that produces a tiny amount of thrust on the warm side of an asteroid (named for Russian engineer I.O. Yarkovsky). As the sun heats one side of the rock it emits more thermal radiation on its near side, which affects the asteroids orbit ever so slightly. Small asteroids emit too little radiation to matter and large asteroids are too big for the effect to move them, but Apophis is in that medium-sized goldilocks range that is just right. A group of solar sailing spacecraft flying in formation could get between Apophis and the sun, blocking solar radiation and elimination the Yarkovsky effect, altering Apophis’s orbit significantly over time. Of course, it’s not easy to predict Apophis's trajectory that far into the future with absolute certainty, and there’s no guarantee nudging the asteroid might not make things worse. And, as critics have pointed out, if you’re going to launch a mission all the way out to Apophis you might alter its orbit just as easily by – that’s right – crashing a spacecraft directly into it. Regardless, the strides being made in solar sail tech are promising, and the versatile way they are being employed – even in theory only – show a lot of potential for the nascent technology. 

Warming Adv Answers

Building the number of solar sails necessary to solve global warming would take decades, and require lunar mining access

Roy, 1. (Kenneth, member of the Society of Fire Protection Engineers, senior Design engineer at Bechtel Jabobs Company. “Solar Sails—An Answer to Global Warming?” http://www.ultimax.com/whitepapers/2001_3a.html) 
Production of the quantity of sails required in Table 1, even if reduced by some fraction, is going to be a major enterprise. Reduction of the solar constant requires only a given area of sail. It does not require that it be one sail or many solar sails. The sail designers are free to size the individual sail(s) to meet production and transportation constraints.    

While the sails could be made on earth and launched into space, a more efficient solution is probably going to involve the use of lunar materials. Large solar sails constructed on the moon, or in lunar orbit, can be launched fully deployed, without the need to fold up the sail. It will take decades to construct the infrastructure and more decades to produce the required number of sails. After that, sails that wear out will have to be replaced.  

CONCLUSIONS  

Solar sails can be used to adjust the earth's solar constant (in effect making it a variable that can be controlled). These sails will need to actively track their environment and be intelligent enough to act accordingly. They could be part of the solution, or even the entire solution, to the problem of global warming and climate change. Having solar sails reduce the sunlight hitting the earth could lead to some degree of weather control. The implementation of the solar sail solution requires the development of a large space infrastructure that does not exist today. As a minimum it will require a large-scale, cheap, and dependable low earth orbit access capability. It will probably require lunar mining and materials processing facilities as well as automated manufacturing and lunar launch capabilities. 

The solar shade proposal is fundamentally flawed:  tech/manufacturing doesn’t exist and would cost trillions of dollars to implement

Cain 06 – editor of Universe Today and host of Astronomy Cast podcast with Dr. Pamela L. Gay.

He studied engineering at the University of British Columbia (Fraser, “Solar Shade to Reverse Global Warming,” Universe Today, 7/7/06, http://www.universetoday.com/249/solar-shade-to-reverse-global-warming/)

The overwhelming scientific consensus predicts that human emissions of carbon dioxide will warm the planet over the coming decades and centuries. By how much and how quickly is still up for dispute, but most agree it’s time to take action. Reducing carbon dioxide emissions is the key, but what if it’s already too late, and the temperature tipping point has already been reached? Dr. Roger Angel from the University of Arizona takes a page from the book of C. Mongomery Burns and suggests a gigantic sunshade placed in space above the Earth might help keep us cool.
Humans are pumping mountains of carbon dioxide into the atmosphere, from our cars, powerplants, and manufacturing. The carbon dioxide acts as a greenhouse gas, trapping heat inside the atmosphere, and warming the planet globally. The economic consequences of rising sea levels, expanding deserts, and failing crops could be measured in the trillions of dollars.

With large potential losses, there are incentives to find big solutions.

Instead of trying to reduce the greenhouse gasses, what if you could block out the light from the Sun? Dr. Roger Angel from the University of Arizona has calculated that a solar shade 2000 km (1,250 miles) across would block enough radiation from reaching the Earth to reduce the warming effects of carbon dioxide emissions back to industrial levels.

The best place to build this structure would be at the Earth-Sun L1 Lagrange point – a stable spot in space where the gravity from the Earth and the Sun cancel each other out. Spacecraft located at this point require very little fuel to maintain their position.

Instead of a single large shade, Dr. Angel is proposing to build a fleet of free flying spacecraft that look something like spiderwebs. Each mini-shade would be approximately 200 metres (650 feet) across, and be covered with a gossamer thin layer of solar radiation absorbing glass. To stop them from drifting away from the L1 point, each shade would be equipped with 6 steerable solar sails that would use the light from the Sun to maintain position.
As amazingly enormous an undertaking this might be, Dr. Angel thinks there could be two ways to construct the fleet of shades. They could be manufactured here on Earth, and then launched en masse into orbit by rockets. Manufacturing facilities could also be set up on the Moon, where there are ample supplies of all the raw materials required, and plenty of free energy from the Sun. With less gravity, it would require less energy to get the shades into position if they were launched from the Moon.

All in all, it would be a mind-bogglingly large undertaking, requiring launch technology and space-based manufacturing light-years beyond anything we’ve done to date. It would cost trillions of dollars to implement, and the dangers of interfering with the global climate could be catastrophic. But then, it seems we’re already interfering with the global climate.

