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Executive Summary

The Mexican Space Society (SEM) is making a number of recommendations to the new President Felipe Calderón Hinojosa administration and Congress that focus attention on the social and economic benefits that Space related technologies can make to Mexico’s and the world’s future. They involve the establishment of a Mexican Space Commission involving many Federal Departments and chaired by the Secretary of Government (SEGOB), the ratification of the Mexican Space Agency (AEXA), a goal long recommended by SEM.1,2,3 As part of AEXA’s responsibilities we propose the development of a Mexican Office of Manned Space Flight utilizing new commercial space companies to carry out space missions.

We also make a variety of specific recommendations affecting the Mexican Secretariats of Education (SEP), Communications and Transportation (SCT), Foreign Relations (SRE), Tourism and other government departments whose responsibilities involve scientific and technological progress. These recommendations are designed to put a human face to the future of Mexico and to focus the Government’s use of its own resources. Our recommendations also advocate the use of Private Sector and commercial resources in achieving these benefits. We have numbered the Recommendations in the Executive Summary as a matter of identifying priorities. 

The Mexican Space Society (SEM) has focused on the Development of a Mexican Space Council and the creation of a Mexican Astronaut Corps because we believe that the human face of the space program is most necessary for everything that follows. The Mexican President and Mexican Congress must enjoy the support of the Mexican people and the enthusiasm of its students and young people for its advances in space as they will be the primary recipients and the justification for its creation.

We also discuss other space-related recommendations that will further advance this political and social agenda for the future.
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Introduction & Background

Cybernetics Engineer Fernando de la Pena Llaca submitted a proposal to the Mexican House of Representatives’ Committee on Science and Technology on October 25, 2005 proposing the establishment of the Mexican Space Agency (AEXA).4  Approximately 9 years before, invited by then-Representative (PAN–B.C.S.) Luis Ruán Ruiz, Jesús Raygoza Berrelleza had also proposed a national space agency in Mexico in testimony before the Committee on Science and Technology on April 23, 1997.5  Engineer de la Peña, supported by Rep. (PRI–Hidalgo) Moisés Jiménez Sánchez, in April 26, 2006 the Mexican House of Representatives approved the formation of AEXA to stimulate Mexico’s science, education, technology, and economic development and this bill is now waiting approval by the Mexican Senate.6 Although Mexico does not have any indigenous capacity to launch rockets or any indigenous facility in space the Mexican Space Society (SEM) believes there is a justification for the creation or a Mexican Astronaut Corps and many other useful space related projects with the advent of new commercial space transportation initiatives.

Other proposals were submitted between 1997 and 2005. Two of those were done by Telecommunications Engineer Patricio González-Quintanilla.7,8
New Commercial Space Initiatives

Several commercial space transportation companies are attempting to provide sub-orbital and orbital transportation services since Burt Rutan won the Ansari X Prize competition with his SpaceShipOne. These include Richard Branson’s Virgin Galactic Company which is working closely with Burt Rutan’s Scaled Composites which built and flew SpaceShipOne. This suborbital service should be in operation by 2008. The company’s now has thousands of ticket purchasers who are willing to pay $200,000 for a suborbital ride into space in a vehicle carrying 8 persons. The U.S. Federal Aviation Administration (FAA)9 has recently published draft regulations for passenger operations.

This initiative will operate from a new spaceport developed near White Sands New Mexico10 approximately 150 miles north of the Ciudad Juarez/El Paso metropolitan area.  Scaled Composites is also working to develop a vehicle, which could provide access to Low Earth Orbit. While they have not publicly committed to a timetable to achieve this goal those close to the company expect them to develop a prototype vehicle by 2010. If they are successful this will also open a low cost door to Low Earth Orbit.

Similar efforts to provide suborbital access to space are being made by the Blue Origins Company funded by Jeff Bezos of Amazon.com which is developing its own launch facilities in West Texas approximately 100 miles east of Ciudad Juarez/El Paso metro area.11  Rocketplane/Kistler which recently won a $207.000,000 contract from NASA (COTS) is also working to develop both suborbital and orbital access to the International Space Station  by 2008/2009.12,13
Space X Corporation, started by Internet pioneer Elon Musk, has also won a NASA (COTS) contract of $278,000,000 to develop a launch system to the ISS within the same 2009 timeframe.

1Bigelow14 is also developing an inflatable habitation module for low earth orbit with technology initially developed by NASA. A ¼ scale model of this module is currently in orbit having been launched by a Russian rocket. They are working to develop a ½ scale module within another two years and look to have a full scale manned facility developed by 2012.  

This facility is designed to be a destination for space tourism. Such facilities would provide a relatively low cost access to low earth orbit for large numbers of tourists on a regular basis.15  These facilities could also greatly reduce the cost of routine government sponsored space operations. By providing a cost competitive option to expand the International Space Station its human capacity also might be affordably expanded.

The Chinese have announced their intention to create a manned facility in orbit about 2015. They are also engaging in a wide ranging set of cooperative efforts in space with other countries.16 They have a similar potential opportunity to expand their planned presence in space through cost effective commercial partnerships. 

Significance of Commercial Space Activities to Mexico

Some of these new initiatives are located right on Mexico’s door step. These commercial initiatives do not require Mexico to duplicate investments and research in order to place Mexicans in space for a very modest cost.

By creating a Mexican Astronaut Corps the country can signal its intent to be part of this new wave of technology.  A Mexican Astronaut Corps can provide a means to reach out to potential international and commercial partners in space exploration, space tourism, scientific, and educational initiatives. Perhaps the greatest significance of a Mexican Astronaut Corps is its impact within the country on the nation’s education system and in providing a focus for public attention on how space technology can be used to benefit the nation’s economy, protect the nation’s natural resources, and shape the nations technology. A Mexican Astronaut Corps can be a symbol of the government’s determination to develop new opportunities for its citizens.

Potential Launch Sites and Associated Facilities

As the commercial space industry develops internationally Mexico should position itself to take advantage of new opportunities. Its extensive Pacific West coast has the potential to be the site of launch operations and especially for aerospace aircraft style launch systems such as those planned by Rutan’s Scaled Composites Company. Sites such as Cabo San Lucas, Manzanillo, and Cabo Corrientes near Puerto Vallarta, Mazatlan, and Acapulco with established airports, tourism facilities, and a significant community infrastructure might also with additions serve as spaceports. Similar opportunities might also exist on the Mayan coast in Quintana Roo near Cancun, where 40% of Mexico’s tourism occurs.17
Recommendations

I. Recommendation 1: Create a Mexican Space Council

Report # 1 Inventory all space related activities & resources


Report # 2 Develop a Legal, Administrative, and Financial plan for AEXA


Report # 3 Report on the Missions of a Mexican Astronaut Corps


Report # 4 Report on Launch Sites Task Force 



Report # 5 Develop a Plan for further Development of Space Related Projects


Report # 6 Provide Prioritized Recommendations for;

      The President

      The Congress



      Federal Secretariats

A first priority would be to organize a Mexican Space Council of Mexican Federal Departments that utilize, plan, space related technologies. This Mexican Space Council should be chaired by the Secretary of Government (SEGOB) so that the importance of its initiation will be clear from the beginning and that this council provides a clear focus for the needs and opportunities of government action and also in support of private commercial initiatives.

Report # 1

The first responsibility of this Council will be to inventory all government space related activities and expenditures with staffing assistance from the Secretariat of Finance and Public Credit (SHCP) and to issue a summary report by the end of 2007.

Report # 2

The Mexican Space Council would be assigned staff members for this administrative responsibility and for the development of an administrative plan and program budget.  This Office would be one of the first responsibilities of AEXA.
Report # 3

Specific mission proposals for the Mexican Astronaut Corps should be under development as the third recommendation of the Mexican Space Council.  Departmental and Congressional budget approvals for such missions will further define the training requirements, contracts, timetable and financial requirement of the sponsoring government departments and commercial sponsors.  The definitions of these missions will create a more forward looking timetable, administrative, legislative and financial plan closely coordinated through the Secretariat of Finance and Public Credit (SHCP), the Secretariat of Economy (SE), and Secretariat of Social Development (SEDESOL). Many specific ideas and proposals can be expected in the earliest considerations of a Mexican Space Council but they must be refined through the normal legislative and federal administrative departments so mature judgments can be made about priorities, resources, and timetables, and partnerships.

Report # 4

The Launch Site Task Force

The development of spaceports will in the future be as economically significant as airports are today and Mexico cannot fail to be in the forefront of planning and to be competitive in these matters. As part of a Mexican Space Commission initiative the departments of Communications and Transportation (SCT), Secretariat of Coast Guard (SEMAR), and the Secretariat of National Defense’s (SEDENA) department of the Air Force (FAM), and the Secretariat of Tourism (SECTUR) should create a working task force to identify both Mexican potential launch sites, technical and investment requirements, and also potential limitations and environment issues associated with these type of future developments.

This task force should also be tasked with monitoring other international efforts to develop spaceports and commercial space initiatives internationally as have been announced in Abu Dhabi airport of Ras Al-Khaimah, United Arab Emirates (UAE)18, and Singapore19, the United States (Spaceport American in New Mexico and a newly approved spaceport in Oklahoma), and Australia.

Report # 5

The fifth objective would be the development of a plan for further development of space related technologies and activities in Mexico and what national economic, technological, environmental, educational, and social benefits could be gained and what investments will be required. The Mexican Space Council should draw broadly on Mexican Society in public hearings designed to attractive public attention and input. A key aspect of this report is to identify opportunities and create a supportive climate for a partnership of both public and private investments. Much of what can be accomplished will be done with entrepreneurial capital and commercial organizations and resources but this will not occur without the advocacy and support of the Mexican government. It is again recommended that this report be prepared with staffing from the Secretariat of Public Credit (SHCP) and Secretariat of Public Operations to identify needed incentives (tax incentives) as well as barriers in regulation and law, operations or facilities to support both public expenditures as well as private investments.

A number of reports have been done on the return on the economic investment that the United States of America has made in its space program, specifically NASA. These analyses have indicated a positive return on this investment and have resulted in not only many scientific discoveries in the exploration of the Moon and the Solar System and a great advancement of in astronomy, but also in applied science and engineering. The Mexican government can similarly look at problems facing Mexico, the potential of space related technologies to create national benefits, and the investments needs to realize these benefits. Some investments would be most appropriate for the Mexican government. Others may result from private and commercial investments encouraged by the government. Proposed investments must be analyzed and prioritized

Report # 6:  Domestic and International Education and Public Outreach Roles

Concurrent in the planning for astronaut training, mission schedules, and specific flight activities would be a schedule of educational, public, and scientific support events  and a process of activities designed to inform the Mexican people about the progress and impact of this program. 

Initiatives involving other nations are an important part of support that can be provided by the Secretary of Foreign Relations (SRE) which should participate in the Mexican Space Council. As the lead time for international cooperation in space missions can be considerable, the intergovernmental aspects of such cooperation will need to occur early in the efforts of the Mexican Space Council as they consider specific missions purposes and requirements for international partners.

Report # 7: Specific Recommendations from the Mexican Space Council

A seventh objective of the Mexican Space Council would be to provide specific recommendations for action to the President, the Congress, and the Federal Departments & the Mexican people.  These recommendations would not only guide the charter and development of the new AEXA but would highlight the wide range of efforts across both the Mexican government and commercial sectors. Some actions can be accomplished quickly by Executive Order of the President and by order of Federal Department Secretaries. Other recommendations will require the action of Congress. 

It is proposed that this work be completed by December of 2007 with a significant public announcement at the beginning of 2008. A draft timetable is presented in order to suggest a feasible timeline for action as in Appendix I, Page 21.

II. Recommendation 2: AEXA Approval by Senate, House of Representatives, and 

            President

Action Item #1:  Mexican Astronaut Corps Development

A. Astronaut Selection

B. Astronaut Sponsorship Training

C.  Astronaut Training – Page 10

                                         D.  Missions Announcement – Page 11

Action Item # 2:  Mexican Spaceport Authority – Page 12 

Action Item # 3:  Launch Facility Development for Sounding Rockets

                              – Page 12 


Action Item # 4:  New Aerospace Aircraft Launched Spacecraft facilities

                                         – Page 12

Action Item # 5:  Support of Space Related Entrepreneurship – Page 12

The creation of AEXA would realize the recommendations of the reports of the Mexican Space Council and the action of the President, Congress and the Department Secretaries. Its initiation could begin in 2008.  This should coincide with the beginning of commercial suborbital services.  The announcement of both government department and commercial sponsors of Mexican astronaut positions would begin the astronaut recruitment process by an Office of Astronaut Services specifically charged with developing this program.

The approval and Development of the Mexican Space Agency (AEXA) is an important step forward for but Mexico’ interest in the future and in space activities lies not only in AEXA but in many government departments and commercial organizations coordinated and focused by the Mexican Space Council. AEXA’s central role will be to get Mexican in space and conduct space missions. Perhaps its most important impact will be on Mexican young people and in stimulating their interest and knowledge of these opportunities for economic and scientific development and working in close coordination with other governmental departments including an especially close liaison with the Secretariat of Public Education (SEP).
Action Item # 1:  Mexican Astronaut Corps Development

We would propose an approach to developing a Mexican Astronaut Corps aligned with the new commercial space industry in a way utilizes a blend of both government and commercial financial support.

A.  Astronaut Selection

First a Mexican Astronaut Corps should draw on both men and women which represent cross sections of Mexican Society. While astronauts will come from traditional sources such as Air Force pilots, potential recruitment should also be expanded to include Mexican Airlines personnel, and representatives from education, commercial media, medicine, and those concerned with space sciences. 

B.  Astronaut Sponsorship

As symbols of significance for both commercial and public interest the financial support of Mexican Astronaut positions should be supported by specific sponsors, which reflect the diverse interests and talents of the Astronaut Corps. The role of astronaut should reflect the roles and interest of their sponsoring agencies so they maintain the focus on their sponsor’s mission in space and as a spokesperson for their sponsor’s activities on Earth.

We propose the Secretariat of Public Education (SEP) should support at least two such positions, Commercial Media two such positions, Commercial Airlines, two such positions, and science related astronauts should simultaneously be supported by departments such as the Secretariat of National Defense (SEDENA), the Secretariat of Energy (SENER), Secretariat of Agriculture, Ranching, Rural Development, Fisheries and Food Supplies (SAGARPA), Secretariat of Environment and Natural Resources (SEMARNAT), and as their science and research needs dictate.  The Mexican University community would be closely involved in both science and engineering missions and as a source of identifying astronaut candidates with advanced science credentials.

The greatest significance of the Mexican Astronaut Corps will be their impact on Mexican Society. They will train and fly in space for a variety of purposes but they also must particularly be chosen for their ability to connect with people and to communicate the purposes and importance of their diverse missions to both the Mexican and international publics. These Astronauts will also be Mexican ambassadors to other nations working with government agencies in other nations in scientific and technology initiatives and with commercial partners as well.

The Mexican Space Society (SEM) expects that many people may question whether a Mexican Astronaut Corps is realistic or even feasible. Malaysia can provide an example for Mexico. Malaysia, a much smaller in population, territory, and its economy than Mexico, (a country with no rockets, launch facilities, or space station) recently announced its intentions to send a Malaysian to the International Space Station (ISS) in 2007.20 It announced a competition for an astronaut position and has signed an agreement with Russian for the training of its astronaut. This has generated great excitement and attention of Malaysian students and drawn attention to Malaysia’s ambitions in space and to be an international competitor in space exploration, science and technology. Indeed Malaysia has announced its ambition to go to the Moon.21 We admire both the creativity and ambition of the Malaysian government and naturally expect the Mexican government to respond to this competition for a very near future to come.

C.  Astronaut Training

      Development of Training Resources and Programs and Mission Proposals

Aspects of astronaut training might be conducted via contract with the Mexican Air Force, with commercial airline programs, and with providers of both government and commercial space transportation services in foreign countries such as the U.S. or Russia.  The Office of Astronaut Services will need some time to develop both physical and contracted support of a Mexican Astronaut Corps.  It will need to define selection criteria and organize a process for consideration of astronaut candidates from agencies and commercial organizations sponsoring astronaut positions. This process should be completed by the end of 2008

D. Astronaut Missions

      Announcements Specific Missions Proposals

Specific mission proposals for the Mexican Astronaut Corps will have been developed in the second report of the Mexican Space Council. Departmental and Congressional review and budget approvals for such missions will further define the training requirements, contracts, timetable and financial requirement of the sponsoring government departments and commercial sponsors.  The definitions of these missions will create a more forward looking timetable, administrative, legislative and financial plan for AEXA and closely coordinated through the Secretariat of Finance and Public Credit (SHCP), Secretariat of Economy (SE) and Secretariat of Social Development (SEDESOL). Many specific ideas and proposals can be expected in the earliest considerations of a Mexican Space Council but they must be refined through the normal legislative and federal administrative departments so mature judgments can be made about priorities, resources, and timetables, and partnerships.  All of these considerations will influence the selection of Mexican Astronaut Candidates and of an announcement of Mexican Astronaut Missions. The announcement of Mexican Astronaut Missions would logically coincide with the announcement of the selection of Mexican Astronauts.

Concurrent in announcement of astronaut selection, and scheduled missions, would be a schedule of educational, public, and scientific support events and a process of activities and international partnerships designed to inform the Mexican people about the progress and impact of this program (consistent with the Reports #3 #5 of the Mexican Space Commission). The role of the Secretary of Foreign Relations as a member of the Mexican Space Council will be critical because the lead time for international cooperation in space missions can be considerable. The intergovernmental aspects of such cooperation will need to occur early in the efforts of the Mexican Space Council and in close coordination with the planning activities of AEXA, including Airports and Auxiliary Services (ASA), as they consider specific missions purposes and requirements for international partners.

Astronaut training would be conducted in 2010 with suborbital flights beginning in the later part of that year.  A more extensive timetable of specific missions will flow from the administrative work and report of the Mexican Space Council and AEXA This timetable will instruct the training schedule, contracts, and project flight schedule.

Beginning with the accomplishment of suborbital flights in 2010 the Mexican Astronaut Corps will be ready to initiate missions into Low Earth Orbit as those opportunities are developed through agreements concerning the operations of the International Space Station (ISS), commercial Space Tourism orbital facilities, and/or the development of a Chinese manned lab/space station in 2015. 

Action Item # 2:  Development of a Mexican Spaceport Authority

In follow-up to Report 4 of the Mexican Space Agency (AEXA) should establish a Mexican Spaceport Authority to both support and regulate the activities of pertaining to the access to space from Mexican land, air, and sea space. All launch and safety responsibilities should be coordinated through this office which should also work closely with the Secretary of Defense.

Action Item # 3:  Launch Facility Development for Sounding Rockets & Balloons

It is also recommended that Mexico initiate a sounding rocket facility for the purposes of supporting Mexican higher education and research on the West Coast at sites such as Cabo San Lucas or Cabo Corrientes. This facility would also be designed to support a program of scientific balloon activities as a means of supporting low coast upper atmosphere and space observation activities and the use of rocket/balloon rockets launched from balloons to inexpensively achieve suborbital flights of great altitude. It could also serve as a venue for student based and tourist based sport rocket activities and encourage teams of student participation in the preparation and launch of rockets and scientific payloads.  Hands-on experience is a necessary and powerful means of training young engineers and scientists and this facility would strengthen Mexico’s science and engineering infrastructure.  

Action Item # 4:  New Aerospace Aircraft Launched Spacecraft facilities

Aircraft launched space missions as being developed by Scaled Composites would have the advantage of utilizing existing airport infrastructure.  These facilities would need to have the capabilities of tracking, range safety requirements, and emergency response and rescue. AEXA should anticipate such requirements and provide for the potential of Mexico becoming a launch site for such missions. Initial missions are anticipated immediately north of the Chihuahua border from Spaceport America in New Mexico.

Action Item # 5:  Support of Space Related Entrepreneurship

The commercialization of space related technology and research can be an important mission of AEXA. University researchers and commercial firms can benefit from research and development funds, which are necessary to take research ideas and to develop services and products, which can add value to the national economy. These funds should encourage student entrepreneurship and application of fresh ideas that can bring youthful energies into the market.

III. Recommendation 3:  Planning for the next generation of Geosynchronous

       Platforms:

                               Planning for growth in the telecommunications and data 

                               exchange needs of both North and South America with 

                               advanced geosynchronous platforms.

Mexico’s three geo-synchronous orbital slots provide an unparallel national asset in the expansion of commercial communications to the richest telecommunications markets in the world in North American and in the rapidly growing community of Mercosur nations that are integrating their economies in South American.

Both the growth in these markets and the absolute requirement for reliability present a challenge and opportunity for geosynchronous commercial satellites. The number of orbital slots is limited and the necessity to use these orbital slots to accommodate growing demand is something that must be planned. Currently geosynchronous satellites are single satellites that function with a planned and limited life span. There is a need to plan for systems that can repair and replace obsolete geosynchronous elements as part of  larger telecommunications platforms that are constructed and serviceable by remotely operated robotic systems.

The new commercial space companies that will lower the cost of access to low earth orbit  will also create an opportunities for the development of an infrastructure of more capable and reliable platforms in Geosynchronous Earth Orbit (GEO) than those of the present.  Mexico can be a pioneer in meeting the rapidly expanding requirements of communications. It can plan for the use of its three geostationary orbital slots in partnership with the growing community of space capable nations and potential commercial firms. 

This design and planning starting point for expanded GEO relevant infrastructure is both a financial and technological frontier opportunity for Mexico. Under the leadership of the Secretariat of Communications & Transportation (SCT) pioneering efforts in this area will open up the whole area GEO operations for further growth and permit Mexico to make further advances in this growth market where mature and reliable tele-robotic systems will be essential. 

The design, testing, and long term utilization of these tele-robotic technologies in Low Earth Orbit (LEO) will develop confidence in their effectiveness in the GEO environment building GEO platforms and repairing and replacing elements of those platforms. With the retirement of the U.S. Space Shuttle system there will not be any other similarly capable system that can rendezvous with an orbiting structure, deliver new equipment, repair and replace large structure using a Canada Arm type crane in combination with astronaut Extra Vehicular Activities (EVAs). A new architecture of space tugs, rocket rendezvous and docking, grappling and crane systems and tele-robots providing virtual presence for human operators will need development in LEO. When proven these systems will enable operations in GEO and in cislunar space including the lunar surface.

Satellite Development

The beginning of low cost access to Low Earth Orbit may also provide opportunities for the launch of mini satellites developed and built by Mexican Universities or Commercial

Organizations pertaining to communications, It will also be for Earth observation and other scientific or military purposes under the auspices of the Secretariat of Communications & Transportation (SCT), the Secretariat of Environment and Natural Resources (SEMARNAT), and the Secretariat of Energy (SENER), or the Secretariat of National Defense (SEDENA).

While many of these potential missions may not require manned operations the personnel contacts and institutional liaison of AEXA and the Mexican Astronaut Corps Office can be strategic assets in broadening Mexican space initiatives.  These efforts would begin with the Mexican Space Council and develop as financial, technological, and commercial requirements become better defined, as sponsorship commitments of Mexican Astronauts to operate or oversee operations in those slots are made, and a lists of mission commitments is made by various Federal Secretariats or commercial sponsors.

Mexican Astronauts function as science and technology ambassadors for their sponsoring Secretariat, explaining and presenting the missions and their purposes and technology to both the educational and general publics. They will be an important means of creating awareness of these progressive national initiatives and how these future oriented investments bring public benefits and economic progress.

While the public has been quick to embrace to immediate results of the infrastructure of communication satellites they are not well informed about the infrastructure. These satellites based initiatives in support of Earth observation and environmental protection, the identification and use of natural resources, and of geographic location, and national.

Insuring both the personnel and the facilities to undertake such projects are important elements in, scientific, and technological base of the national and the Mexican government must support such programs to keep pace with other countries. NASA’s partnership with the Jet Propulsion Laboratory (JPL) at the California Institute of Technology is an instructive model of Federal and University partnerships in space engineering and mission development for AEXA and SCT and other Secretariats.

IV. Recommendation 4:  Educational Modernization 

Mexico can utilize its new space program to energize its educational systems and facilitate the new knowledge based economy; a true economical plan founded upon the harmonically, utilization of the national natural resources. Several initiatives are listed which do not exhaust the possibilities and potential of Mexican Space educational activities.22,23,24,25
A.  National Science, Geometry, and Math Curricula Distribution  

Mexico should set a goal for the uniform availability of Internet service to all its students from kindergarten through University systems. While University systems lead the way it is important to make computer and Internet literacy a part of the education of every child. Similarly as the Union of Entrepreneurs for Technology in Education (UNETE) and the Televisa Foundation are already doing, every school (especially including those in remote rural locations) not currently having Internet and computer resources could receive a satellite dish that would enable it to receive a daily 15 minutes educational TV broadcast from the SatMex VII. Satellite dish distribution and reception of important curriculum information, lesson plans, news, and science and technology activities can be an efficient means of creating equal access to high quality educational curricula and reduce the digital divide separating families with the resources for such equipment from those who lack these resources. A parallel effort to provide lost cost ($100) laptop computers (as being develop by the Massachusetts Institute of Technology) for the schools is also essential for Mexico’s teachers and students. Production facilities for these low cost computers should be established in Mexico so that, students can truly participate in the space age education. In the 21st century proposing this effort is similar to proposing that all schools in the 19th century have paper and pencils.

B.  GIS (Geographic Information Systems) Education Applications

The growth of GIS systems applications are playing a growing and increasingly economically important role in the global economy. Students should be prepared to understand how these systems work and how they can create opportunities for jobs

and economic benefits to their communities.

C.  Teacher Training and Resources Distribution K-12

Teacher training and sharing teaching resources can also be facilitated by satellite distribution of information and the provision of educational materials supported on laptops computers and the growing sophistication of educational technologies.

D.  University Space Grants

The Mexican Space Agency should also establish support of University level institutions through grants in support of specific facilities, specific faculty expertise, and specific areas of research, and of scholarships for undergraduate, graduate, and post doctoral studies.

E.  National science, engineering, and design competitions and sports

Student and teacher interests can be captured by science, engineering and design contests which challenge their imaginations and their hands-on ability to create what they conceive.

Students’ robotics contest should be supported so that this expertise is supported.  Similar initiatives in synthetic geometry, math, computer science, electrical and chemical and mechanical engineering are also needed. Such science and engineering "sports" are no less important than soccer as a means of engaging both the interest and competitive spirit of young people.

Here again both government and commercial sponsorship of such contests should be encouraged by the government including AEXA, the Secretariat of Public Education SEP), the Secretariat of National Defense (SEDENA), Secretariat of Communication and Transportation (SCT), Secretariat of Natural Resources (SEMARNAT), Secretariat of Energy (SENER), and Secretariat of Health (SSA). Such competitions should be encouraged through trophies and awards to individuals and teams, and awards of equipment to schools, scholarships, trips to Mexican government space and aeronautics installations, to Mexico’s new Space Camp, and public recognition of team success through similar innovations.

What "success" means to young people is a big deal. This public climate of important and constructive competition must be created in Mexico for it to succeed in international scientific and economic competitiveness.  Many of our greatest moments of fun are those enjoyed in school sports competitions.  Mexico cannot afford to miss out on the "fun" of scientific and engineering sports competitions as an engine of popular progress

F.  Recommendation:  Launch Facilities

Students should be encouraged to design and build high power rockets and to utilize balloon systems, which can carry student designed and built payloads and experiments. As mentioned above under AEXA Action Item #3, a sounding rocket and scientific balloon launch facility might be established might be established at Cabo Corrientes or Cabo San Lucas to enable both professional and student launches and payloads.

These activities will create a focus for mechanical, electronics and electrical engineering skills and an exciting means of realizing the achievement of challenges in experimentation and design.

This is also a means of studying the upper atmosphere and understanding meteorology, and remote sensing, and aeronautical systems of recovery.  A National Science and Education Launching Laboratory could be an important in drawing national student interest and participation in the development of hands-on scientific and engineering skills. It would create a unique tool in involving both secondary and university level students and faculty in "cutting edge" education. It should also be a facility designed to gain revenue from international educational tourism and collaboration in sounding rocket and balloon projects from participants from other countries.
G.  Recommendation:   Mexican Space Camp

A Mexican Space Camp facility would also draw attention and student and family participation where established tourism and resort facilities are located.  These programs have been very successful in both Huntsville and Cape Canaveral in the United States. A modernized program in Mexico could be a special resource for educating Mexican youth and their families and creating strong interest in both the Mexican Astronaut programs and a more wide ranging range of space, science and technology activities including those of Mexico’s competitor space faring nations. The continuing exploration of the Solar System including, Mars, Minor Planets such as Ceres and Pluto, and the return to the Moon and the creation of the Earth/ Moon economy would be a major focus for this facility. 

V.  Recommendation:   Earth Observation and Environmental Monitoring

A "Green" Mexico initiative should be initiated to emphasize the protection of the Mexican environment through Earth Observation systems and the importance of understanding and applying this technology to local problems and the local environment by students and local and state government agencies.  Water Resources Management, Agriculture, Forestry, and Fisheries Application are all areas where great environmental and economic benefits can be realized by the constantly improving resolution of remote sensing satellites. The understanding and application of such information to local problem should be a primary education outreach of the Secretariat of Natural Resources (SEMARNAT) and Secretariat of Agriculture, Ranching, Rural Development, Fisheries, and Food Supplies (SAGARPA) with curricula, grants, outreach personnel, and contests for student participation and achievement. Though supported at the Federal level this program should also encourage the active leadership and participation of state and local government in these activities for schools and students so that they will acquire the understanding and skills needed to benefit from improved information. 

India has provided a positive example of space technology leadership with its Indian Space Research Organization (ISRO) development of increasingly high resolution Earth Observation Satellites and a program of effectively utilizing this information for its national development. Within 5 years it expects its remote sensing satellites to provide an resolution of .1 meter which approaches that of military spy satellites. The ISRO indicates that with about 5 years of applying information to the problems of a specific village that it can double the economic productivity of the village.26 As Dr. Rao’s lecture at University of North Dakota.

India’s ISRO has a distinguished history of developing its Earth Observation satellite program in the service of national development goals. Its former Director has recently predicted the ability to develop Earth Observation satellites with a resolution of .1 meter.

This capabilities rivals those of advanced spy satellites and will provide unrivaled ability to observe national territory and resources, protect the environment, observe agricultural production and water resources, and increase use of limited resources. Mexico might investigate collaboration with ISRO in these advanced initiatives with domestic application and utilization.

VI. Recommendation:  Astronomy and Space Observations

Mexico in partnership with the U.S. is now developing the premier sub-millimeter radio telescope in Mt. Sierra Madre near Puebla. This addition to the crown jewels of Mexico’s scientific research facilities should be completed within the next two years. All necessary resources should be devoted to insure the completion of this facility at the forefront of radio astronomy.  Other opportunities for expansion may also be attractive to Mexico in the future.

In the 1960’s NASA created a deep space network into order to track and communicate with space mission sent out into the Solar System.  This system is largely saturated with the high level of information coming from current deep space missions. AEXA and SCT should collaborate with other space faring nations to create a second deep space network to increase the global capacity to monitor and communicate with space missions.  This type of collaboration will assist Mexico to further develop its own space related infrastructure, to gain revenue from tracking foreign satellites and space missions, and provide new facilities created by Mexico’s electrical, mechanical, and computer engineers. Similar efforts have been made by South Africa.27
The identification and tracking of Earth orbit crossing asteroids is a significant goal for the protection of our planet from collisions such as the Chicxolub impact resulting in the extinction event at the end of the Cretaceous period. A radar dish providing these capabilities would be most appropriate in contributing to this task of protection and located in the area of Mexico directly impacted by this large object.
As indicated above the first priority for funding is to complete the facility under construction. Other projects that can expand Mexico’s capabilities and leadership should also be within its vision especially in areas where radio emissions and light pollution do not limit observations.

VII. Recommendation: Create a Tourism Driven Space Science Research and Development Park

Mexico’s vast experience in international tourism can provide a mechanism for the creation of an Edu-entertainment, Space Science, Research and Development Park that serves the national and international tourist trade but also provides a commercially supported venue for Mexico’s future.

This facility can be developed as commercial venture utilizing a development team of Space Scientists and engineers, architects, and commercial real estate developers, and commercial resort operators to create a synergistic blend of activities and exhibits which both entertain and educate both national and international tourists and provide a venue for the research and development of technologies that have both Earth and Space relevance.

Tourist Driven Edu-entertainment Facilities

The initiative is in the historic tradition of Walt Disney who initiated Disney World in Florida in the 1950’s as the Experimental Prototype City of Tomorrow better known as EPCOT Center. His vision evolved into one of the most successful tourism enterprises in history.  Although his untimely early death limited his focus on cutting edge technology by his corporate successors. The development of the Earth/ Moon economy can be the context of a more modern tourism venue in Mexico which addresses not only space related technologies and futures but their applications and impact on Earth. 

This major initiative should be initiated along the Mayan Coast where 40% of Mexico’s tourists arrive. This location makes this investment the most likely to generate a favorable return on investment and where transportation and support infrastructure also facilitate development. 

Research Facilities

It is an advantage that this facility should not be located directly on the coast, but rather that it is situated on a large in-land parcel, well-protected from hurricane impacts and with easy access to tourists visiting the Cancun/Cozumel coastal area. The construction and development of such a complex will provide many opportunities for Mexican companies and Universities to make both creative and technology contributions to the development team of this project and to create new products and services that serve broader national and international markets.

World Fairs have long served as a means of creating local infrastructure while show casing the products and contributions of nations around the entire world. A major Edu-entertainment facility in Mexico’s Mayan Coast region can serve to draw additional international tourism, and to create a unique Mexican techno-educational facility, which continually grows and showcases advanced space exploration and technology. This project provides a national venue that creates jobs, showcases technological developments and products, and creates a location where advanced technology research can be presented to the national and international publics.

An Authentic "Green Ethic" of Development and Environment Protection

As a major long term undertaking this would require both the support of governmental institutions and planning in order to protect the environment and develop in an ecologically responsible way that is consistent with a "Green Mexico" initiative. While we can look at the commercial success and design innovations of Disney World/EPCOT Center in its time we can also better understand that the surrounding sprawl generated by the economic stimulus provided is an example to avoid when planning a venue of this magnitude. This can also be an example of Mexican leadership in understanding and creating a design philosophy that is beautiful, profitable, entertaining, informative, and consistent with the carrying capacity and the rich biodiversity of the supporting environment.

Mex-LunarHab (MLH): A Commercial Analogue Moon Base & Space Science & 

                                           Settlement Initiative

The attractions of simulating a Moon Base are many. They include demonstrating the creation of a closed system environment with a high standard of living and comfort. They include advanced human robotic systems that extend human presence and ability to operate and experience hostile and dangerous environments.28 The development of sources of "clean" energy from space solar power and developing Helium-3 (He-3) fusion technologies are important enabling technologies for the Earth. The growth of food in highly automated tele-robotic run green houses will demonstrate advanced controlled agriculture. Telemedicine systems will permit assessment, diagnosis, and treatment of medical conditions of patients remote from their physicians in space but also support the growth of medical tourism in Mexico.  Research on the processing of in situ materials on the Moon and asteroids will showcase work that promises to reduce destructive mining on Earth and open up a fuel cells and a hydrogen economy on Earth and supply vast quantities of engineering metals for the economic development of Earth.29
The initial development of Mex-LunarHab Analogue Moon Base project has been previously described by Jesús Raygoza30,31,32,33,34 of the Mexican Space Society (SEM). This paper is attached as Appendix II. The Project Mex-LunarHab (MLH) has been also promoted to be supporting the existence of a national space agency in Mexico35, and it has been published and/or mentioned in specialized papers and magazines. 36,37,38
The adventure and challenges of exploring Mars, Ceres, and other minor planets would also be development themes. Exhibition prototypes would be developed as new space missions are planned and new information and technology is developed.

This initiative would demand a large book of its own describing in great detail how such a facility would be planned, financed, developed, and operated.  An outline of this project is provided as Appendix III.  A full explanation and treatment is beyond the scope of these recommendations and would constitute and more convention business development plan.  This project would come primarily from private sector capital and development initiatives but require Federal and State support as a major and unique tourism, education, and science research initiative.

Summary

The Mexican Space Society (SEM) is making a number of recommendations to the new Felipe Calderon H. administration and the Mexican Congress that focus attention on the social and economic benefits that space related technologies can make to Mexico’s future. They involve the establishment of Mexican Space Commission involving many Federal Secretariats and chaired by the Secretary of Government, and the creation of the Mexican Space Agency (AEXA). We propose the development of a Mexican Office of Manned Space Flight and the development of an Astronaut Corps utilizing new commercial space companies to carry out space missions.

We also make and a variety of specific recommendations affecting Mexican education and other government secretariats whose responsibilities involve scientific and technological progress.  These recommendations are designed to put a human face to the future of Mexico and to assist the government to use not only its own resources but also engage private and commercial sector resources in achieving these benefits.

APPENDIX I

A Draft Timetable for Recommendations and Actions

2007

The Mexican Space Society (SEM) first advocates the ratification by the Mexican Senate of the Mexican Space Agency (AEXA).

Recommendation 1:  Create a Mexican Space Council

One of its first responsibilities would be to organize a Mexican Space Council of some Secretariats that utilize, plan, space-related technologies. This Mexican Space Council should be chaired by the Secretary of Government (SEGOB) so that the importance of its initiation will be clear from the beginning. As outlined above the Council would b charged with a number of Report responsibilities.

A number of reports have been done on the return on the economic investment that the United States of America has made in its space program, specifically NASA.1,2 These analyses have indicated a positive return on this investment and have resulted in not only many scientific discoveries in the exploration of the Moon and the Solar System and a great advancement of in astronomy, but also in applied science and engineering. The Mexican government can similarly look at problems facing Mexico, the potential of space related technologies to create national benefits, and the investments needs to realize these benefits. Some investments would be most appropriate for the Mexican government. Others may result from private and commercial investments encouraged by the government. Proposed investments must be analyzed and prioritized

While James E. Beggs was a NASA Administrator, he described the aerospace agency as an "investment strategy" for the development of new technology3—producing a greater dollar-value return than they cost.4
Lori Garver, during her management of the National Space Society (NSS), she stated that "If the United States and humanity are to ever expand into the Solar System, it will most likely be in partnership with other spacefaring nations. The experience in working together on the Space Station will create problems in everything from incompatible technical standards and logistic support to cultural misunderstandings and legal disputes… But in the process of overcoming these problems together, we will be creating the strong foundations for a truly spacefaring civilization".5
The Mexican Space Council would be to provide specific recommendations for action to the President, the Mexican Congress, and the Mexican people. It would not only guide the charter and development of the new AEXA but would highlight the wide range of efforts across both the Mexican government and commercial sectors. It is proposed that this work be completed by December of 2007 with significant public announcements at the beginning of 2008.

Satellite Development
The beginning off low cost access to Low Earth Orbit may also provide opportunities for the launch of mini satellites developed and built by Mexican Universities or Commercial

Organizations pertaining to communications, Earth observation and other scientific or military purposes. Under the leadership of the Secretary of Communications and Transport the development of indigenous capabilities for satellite development should be studied and recommendations for strengthening these capabilities should be made where such satellites can provide economic benefits.

Similarly the more ambitious goal of creating more sophisticated geosynchronous platforms should be studied by the SCT as a goal for creating more capacity and growth from Mexico’s strategic geosynchronous orbital slots in partnership with other space faring nations.

Interest in the development of an Edu-entertainment and Research Park along the Mayan Coast on the part of private could be explored as part of the Mexican Space Commission’s deliberations under the leadership of the Secretary of Tourism (SECTUR).

2008

The Mexican Space Council would recommend leaders for the AEXA administrative responsibility and the development of an administrative plan and program budget.  This Office would be one of the first responsibilities of the newly established AEXA.

The Development of a Mexican Astronaut Corps should be well aligned with the recommendations of the reports of the Mexican Space Council and its initiation could begin in 2008 as part of a New Mexican Space Initiative.  This should coincide with the beginning of commercial suborbital services. The announcement of both government department and commercial sponsors of Mexican astronaut positions would begin the astronaut recruitment process by an Office of Astronaut Services specifically charged with developing this program.

Development of Training, Resources, Programs, and Mission Proposals

Aspects of astronaut training might be conducted via contract with the Mexican Air Force (FAM), with commercial airline programs, and with providers of space transportation services in foreign countries such as the U.S. or Russia.  The Office of Astronaut Services will need some time to develop both physical and contracted support of a Mexican Astronaut Corps. It will need to define selection criteria and organize a process for consideration of astronaut candidates. This process should be completed by the end of 2008

A Mexican Spaceport Authority Office should be established under AEXA to regulate and plan the development of access to space in Mexico for both vertical and aerospace aircraft based launch systems.

With significant interest on the part of commercial interest a proposal and initial plan for the development of an Edu-entertainment and Research Park would receive planning support from both the Secretary of Tourism and the Secretary of Environment and Natural Resources.

The Secretariat of Public Education (SEP) begins providing satellites dishes to Mexican schools in order to provide equal access to science, geometry, mathematics, and engineering curricula and teacher training materials for schools where no internet access has been established. Development of an initiative to produce low cost laptop computers for Mexico’s school should be started.

2009

Astronaut Selection and Mission Announcement

The process of screening and selecting Mexican Astronauts should be completed within 2009 with their public announcement as an event of national significance no later than the end of 2009. A list of beginning missions should also be identified so that the announcement of astronauts and their missions will demonstrate a broad connection to the future interests of the country.

A Sounding rocket and scientific balloon launch facility should be established on the West Coast of Mexico at locations such as Cabo San Lucas or Cabo Corrientes. A National Science and Education Launch Laboratory would be established in order to create both scientific and educational opportunities for Mexican and international organizations. This facility would provide a location where hand-on engineering skills can be acquired from projects ranging from small sports rockets to professional sounding rockets and from small weather balloons to large scientific balloons which carry student developed payloads. Both AEXA and the Secretary of Public Education would develop science and engineering competitions, which would utilize the National Science and Education Launching Laboratory. This science, engineering and educational Launch Laboratory would also provide a site for teacher training and math and science curricula development.

This three, AEXA, SEP, and SCT would support this facility and its services and opportunities would also be promoted by the Secretariat of Tourism for the promotion of Science Tourism in Mexico. Security and range safety support would be developed by the Department of Defense (SEDENA) and the Mexican Coast Guard (SEMAR), which could also use this resource for the education and training of its personnel.

A Mexican Space Camp facility could also be established at this location and its facilities and programs would complement those of the National Science and Education Launching Laboratory. Both facilities would have the goal of energizing science,  engineering, geometry, and mathematics education in Mexico and providing direct experience utilizing these skills in practical projects developed by the students themselves in developing science, math, and engineering sports competitions.
Satellite Development

As AEXA, Educational, and SCT studies are completed new satellite initiatives would be undertaken. Satellite projects especially in the area of Earth Observation and Remote Sensing might also be undertaken with international partners as part of a "Green" Mexico initiative.

The preliminary plan for the development of an Edu-entertainment and Research Park would receive appropriate reviews from the appropriate Federal Departments in collaboration with the State of Quintana Roo. With appropriate modifications and demonstration of appropriate financial resources approvals would be given for the construction of these facilities.

2010

Astronaut training would be conducted in 2010 with suborbital flights beginning in the later part of that year.  A more extensive time table of specific missions will flow from the administrative work and report of the Mexican Space Council and AEXA This timetable will instruct the training schedule, contracts, and project flight schedule.

Beginning with the accomplishment of suborbital flights in 2010 the Mexican Astronaut Corps will be ready to initiate missions into Low Earth Orbit by 2012 as those opportunities are developed through agreements concerning the operations of the International Space Station (ISS), commercial Space Tourism orbital facilities, and/or the development of a Chinese manned lab/space station in 2015

A National Science and Education Launch Laboratory would become operational.

Construction of an Edu-entertainment and Research Park would begin.

2011-2112

Construction of an Edu-entertainment and Research Park would continue with a projected opening of this facility before the end of 2012. All Mexican schools without prior access to the Internet will receive satellite dishes and equipment to enable them to have equal access to educational resources. Production of low cost laptop computers will begin with widespread distribution throughout Mexican educational institutions.

By the end of the Calderon Administration in 2012 the Mexican government should have created a vigorous national space agency (AEXA) with an active Mexican Corps of Astronauts and a program of space missions and activities that embrace the full spectrum of the Mexican government departments and the private commercial sector. Its political legacy will be the stimulus to the Mexican nation’s leadership and scientific and economic competitiveness.

The Mexican Space Society (SEM) has focused on the Development of a Mexican Space Council and the creation of a Mexican Astronaut Corps because we believe that the human face of the space program is most necessary for everything that follows. The Mexican President and Mexican Congress must enjoy the support of the Mexican people and the enthusiasm of its students and young people for its advances in Space as they will be the primary recipients and the justification for its creation.

We wish to discuss other Space related proposals that will further advance this political and social agenda for the future.

APPENDIX II

LUNAR MEXICO HABITAT ANALOGUE PROJECT

MEX-LUNARHAB (MLH)

Introduction
          The Lunar Mexico Habitat Analogue project, or Mex-LunarHab (MLH) as called the entire project (both analogue and real), is intended to support the establishment of a Moon Base at a first permanent site on the Moon, approximately at 0o longitude and 85o S latitude, the "Newton Base" on Malapert Mountain in the South Pole region of the Moon as proposed by the authors of one of the best book’s ever published on lunar industrial development: The Moon: Resources, Future Development, and Colonization.1 The Mex-LunarHab is also dealing with other aspects of incremental lunar programs, with geopolitical and economic considerations, such as the Lunar Economic Development Authority’s (LEDA) Moon program2 and Krafft Ehricke’s Extraterrestrial Imperative.3
The Lunar Mexico Habitat Analogue Project, is now planned to be installed near Cancun, State of Quintana Roo. Mexican Space Society’s (SEM) Science & Technology Board of Advisors Member Dave A. Dunlop is the MLH Project Business Manager.A Technical specifications given here about designing the MLH today are only approximations estimates. We are asking for collaboration to continue to make it real. This paper is also for supporting other’s investigation, researching on this technical and scientific field. I have to remark, 1) the intention of this paper is to raise some very serious questions for everyone concerned about space habitats, and; 2) everyone one of us involved in making the MLH project real, have to work—this is not the work of one-man show.

For designing, building, constructing, developing and deploying the entire Mex-LunarHab Habitat Project, this paper also deals with method, scientific method and method of organization. Also, in order to start developing this project, one of our very early steps now is to identify our commercial customers, as well as to execute project management and fundraising.

We know there is no place on Earth that is completely like the Moon, but we are to take some steps in order to accomplish our goals.4   The entire MLH Project is part of a set of other relevant space-related projects in Mexico. Our proposal and intention for making the analogue lunar station operative is, to generate interest in Mexican space activities within Mexico, meanwhile generating economical, educational and natural environmental benefits to Cancun area and the State of Quintana Roo; and co-related MLH habitat experiments in Ciudad Juarez area, in the State of Chihuahua, and across Mexico—helping to enhance the people’s standard of life. Those issues to be met in both short-term and long-term goals.  The intention of the MLH Analogue Station proposal also is: 1) to develop joint programs for supporting the return to the Moon under simulated scientific exploration. 2) To get actual scientific and technological research on different areas. 3) Harnessing both the robotic & human lunar exploration. 4) To support a human permanent presence on Mars. 5) The formation of an Ibero-American space agency; in the long-term, an international space agency too.5
WE STILL HAVE TO LEARN HOW TO REFINE SPACE HABITATS

The Need to Make Designs Under the Correct Scientific Method

We do not know how to properly build a lunar habitat for even a half-dozen people. The National Aeronautics and Space Administration (NASA) has been conducting systems studies for the definition of habitats housing many people, and there is literature of studies for smaller lunar bases.  Indeed, had the U.S. space program continued at the pace of the mid-1960s (the pace of John F. Kennedy) by now we might have well been on the way to properly building such habitats. Now, before we get into details on how to design and construct space habitats, I want to use aeronautical engineering as a good example of what we are going to be discussing here. There were studies for the large aircraft as well as for the fast ones. History makes clear this point, as those made for the F-111 Aardvark or the C-5 Galaxy, and no doubt the studies showed that they would be wonderful aircraft. Still, events proved otherwise. What happened? Even when the original engineering design could certainly be correct, the methodology for carrying out the final design was wrong. In the F-111 case, only the F-111F actually fulfilled the original Tactical Fighter Experimental (TFX) program. This was less the fault of General Dynamics than that of the civilian planners in the Pentagon whose "cost effective" tendencies ironically produced the major aeronautical fiasco of the 1960s, and a costly one at that.6,7
The B-1B Lancer bomber, a variable swept-wing like the F-111, has not been much operational despite additional funding and bold attempts over two decades. This ineffectual but modern bomber is being slowly relegated to the "bone-yard". It can only be used where other aircraft compensate for its lack of readiness. Another variable sweep-wing Grumman F-10 Jaguar was a unfortunate attempt to make a fighter. All Russian variable sweep-wing fighters, like Sukhoi Su-9, Su-20 and Mikoyan-Gurevich MiG-23, are mediocre. The Russian variable swept-wing bomber Tupolev Tu-160 Blackjack is actually worse than the B-1B in performance. These models of aircraft were not usually considered under the cost of "more maneuverable, longer range, and faster" (maybe faster, but lacking the other two), nor were considered under the mission effectiveness of "more maneuverable, longer range, and faster", which makes really sense. Only the Grumman F-14 Tomcat met with some seemingly operational success. It took about two decades to find a good use for the F-111. Regarding the latter, Bill Gunston presents a concise and interesting case study of the F-111 aircraft development. His explanation is, "If TAC had not insisted on low-level Mach number of 1.2, but instead chosen M 0.95 (which would have in no way harmed the ability of the aircraft to penetrate), millions of dollars would have been saved and the requirements would have been met with ease".8
Regarding the Space Shuttle’s Orbiter, one important design consideration was whether to use straight-wing (T-wing) or delta-wing configuration. The Air Force wanted a delta-wing design for strategic reconnaissance reasons. Delta Wings provide a large cross-range (the ability to move far to the right or left or where it entered the atmosphere during landing). The obvious problem is that delta-wings are much heavier and harder to maintain; but offer other benefits such as more stable landing gear, and more stability between transitions from supersonic to subsonic speeds. One of the major problems the aerospace designers have been facing is that after Kennedy was gone, the funds were reduced under President Richard M. Nixon’s administration, then NASA tried to gain support for a "cost-effective" approach, rather than for a scientific and technological approach. As plainly shown, this strategy was a mistake made by “government bureaucrats who played the political game and sold the Shuttle as an inexpensive program, in the process sowing the seed of disaster."9 Nevertheless, the Space Shuttle is one of the biggest engineering management challenges ever faced—after the budget cuts, it is amazing it was done at all. However, under those "cost-effective" requirements the methodology of launching it became wrong and human safety was sacrificed.

To Get Space Habitats Available for Us: What Do We Have From Now?

As expressed in my last paper "Designing the Mex-LunarHab (MLH)"9, building self-sustaining habitats on the Moon is to a very large degree a much newer and more uncertain enterprise than designing a new aircraft.  This does not mean we have to learn much by "trial and error" how to do habitats. Instead, we are certainly to learn how to apply the true scientific and engineering methods in building them and also stay away from the "cost effective" approach—it has failed us in the past.

A study is not properly a habitat. But, we can make a proper study of a habitat by applying the correct scientific method. After the Apollo lunar missions, small lunar outpost, 1959 Project Horizon-style lunar outposts were considered to be established, which would enable gradually increasing the stay time and the number of people on the Moon. As history shows us even on Earth, small outposts are quite risky.

The design of the Mex-LunarHab displays some technical innovations. As one of those innovations, it may remain uncovered on the lunar surface (it is an innovation applied to remain proprietary for now). Defining the hardware is easy to do and the engineer within us wants to sit down and immediately build hardware. But, I am interested in focusing such talent and enthusiasm onto a succession of smaller steps which will eventually realize the installation of outposts of humankind on the Moon, like those proposed for the Malapert Mountain .10
Through our national lunar analogue Mex-LunarHab Project, Mexico is to develop an In Situ Resource Utilization (ISRU) experiment, meaning a "living off the hand" project, such as a solar oven, a light UV telescope, or any other useful device, that would be a component for the first lunar base. ISRU is an strategy to reduce the initial mass that has to be launched from Earth and to have, for example, an in situ production of propellant (In-Situ Propellant Production – ISPP) or breathable gases, water, and other goods needed by a human crew.  This is what it means to have a power system for solar power production, or Helium-3.

Likewise, I also want to use an efficient application of the correct method of organization for the utilization of lunar resources—which can properly uplift a strong lunar economy. To understand the latter, I recommend a review of the following lectures: "Mining and Processing Systems" (B. Blair, J. Diaz, M. Duke, et al, "Space Resource Economic Analysis’s Toolkit: The Case for Commercial Lunar Ice Mining", pp. 21-22) and SRD Appendix 2, Case 1, Architecture 2, "Development and Cost Model" (ibid., pp. 50-56).11 On the other hand, we have Dr. Peter Eckart’s book The Lunar Base Handbook, one of the most complete publications covering engineering, development, transportation, cost, economical and other aspects.12  All of these cases are out of the scope of this paper.

Dr. Robert M. Zubrin and The Mars Society are currently working on designing and developing habitats for actually living and working on the Red Planet.13 Any experience obtained from this kind of research and developments are going to be eventually very useful for our path to the stars.

A typical explanation on how to deal with building and deploying lunar habitats is found at the Workshop on Analog Sites and Facilities for the Human Exploration of the Moon and Mars conducted by Dr. Michael B. Duke.14  For instance, Pascal Lee from the Mars Institute, SETI Institute, and the NASA Ames Research Center has written that "as there is no place on Earth that is completely like Mars, it is important to note that there is no such thing as a perfect Mars analog".15  So it is no such thing as a perfect Moon analogue on Earth, at all. Regarding a space habitat, Lee has also described some examples of lessons for the safety of a crew, and his "results and many others will be firmed up and further refined through continued research on analogue programs such as the NASAHMP". ("The NASA Haughton-Mars Project", pp. 44-47).

Kurt Micheels, once involved in designing the NASAHMP, in his "Lessons Learned: Design, Fabrication and Deployment of the First Mars Analog Habitat"16 shows us a list of lessons for constructing, deploying, managing, and other matters, including logistic lessons—a very interesting document that should seriously be taken in account.

DESIGNING MODULES: CONFIGURATION

Habitat/Fuel Tank
As I sat down for the first time, to draw some sketches, so many ideas came to my mind. Perhaps, it was how Dr. Wernher von Braun once said: "Basic research is what I am doing when I don’t know what I am doing".  Some of those first ideas I got to deal with, were: 1) to find the best practical way to safely put the Mex-LunarHab habitat space-ship on the Moon17; 2) optimizing spaces in any compartment. This was just the beginning. The first images led me to think about ultimately drawing cylinders and spheres. A cylinder is simpler to fabricate than a sphere. And a sphere is probably much easier to deploy. A short example may serve to demonstrate the respective useful achievements.

In order to fit a current rocket for reaching the Moon today, a rocket like the Titan V/Centaur as presented at this paper. This choice is made for a lunar habitat to be designed considering the smallest space available, considering also the lowest number of necessities required by human survival. In few words, this habitat, as depicted at this paper, is considered to be made in a very hard way; a cheapest way, without risking human lives.. The MLH habitat, thus, must be a cylinder of 4 m diameter and 9 m length. In order to obtain the useful floorspace and volume of the cylinder, we compute the area of the cylinder:

          A = (r2
          A = 3.141 ( 22
          A = 3.141 ( 4

          A = 12.5m2
          To obtain the cubic volume we multiply this Area by the cylinder’s length:
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A.  A Fuel Tank, a Rigid Structure
We choose the vertical option, the "silo" vertical deployment, because this configuration is consistent and does not offer wasted subspaces, congested headroom or awkward ceiling slopes.  Access from floor to floor can be off-center, out of the way (the only centered access is the airlock at the top, using a moveable stairway). Any tall fixture can be positioned anywhere on any floor. When in vertical position is easier to implement bulkheads as floors to isolate rooms against pressure breaches.

This configuration also allows segregation of the engineering space (airlock to outside, air and water processing, power, storage, etc.), from technical space (workshop, communications, laboratories, computers, libraries, etc.), and from living space (dormitories, infirmary, spare time room, etc.). The psychological compatibility for this living configuration seems quite favourable, whereas the "submarine" horizontal deployment is stressful on long-term crew.

The heavy equipment would be on the upper floor (workshops, storage, tools, spare parts). Labs, communications, infirmary, and etc. would be in the middle floor (the second floor). The living quarters, library, amusement section, deeper in the third floor, for better radiation shielding.

The real MLH habitat would be installed vertically, either the airlock will lead into the outside, to the surface of the Moon, or connected to a underlying tunnel tied other habitats.

Therefore, a cylinder offers an optimum launch shape and good pressure retention envelope for rigid modules. Cylinders would likely be machined from slabs of titanium, much as Lockheed Martin builds Titan and Atlas V airframes. As we know, titanium is very hard to weld but may yield to vacuum processes on the Moon if the working surfaces can be kept in vacuum during welding. Once the habitat/fuel tanks reach the lunar surface, it is necessary to clean them up and integrate internal equipment systems for operations. The MLH is also envisioned to use inflatable structures that are transported in collapsed state.

I have designed Architect engineer Alfonso Pérez AlvaradoB as the National (Mexico) Director of the Lunar Mexico Analogue Project (MLH). He will also be dealing with these all same issue.

DESIGNING CONCEPTS

Intention: Application of Correct Methodology

The concepts will be managed depending on the following aspects:

          1.  Optimization of spaces in each compartment

          2.  Size reduction

          3.  Risk reduction for the astronaut’s life and the habitat’s integrity

It is unreasonable that the first lunar crews should be dispatched to an inhospitable place as the Moon unless all essential pieces of equipment for survival are already in place on the Moon surface in operable condition. Prefabricated units will be the basis for lunar facilities, preliminary integrated on the lunar surface into a fusion nuclear base complex satisfying the needs of the initial crews. We must be aware that it will be difficult enough to transport the individual units to the selected site to be integrated, without incurring damages during a landing operation. 

Using the cylinders, the whole habitat can contain a sleeping compartment, rest and work out areas, a toilet and a bathroom. In some other compartments will be located the infirmary and telemedicine compartments; laboratories of mining, geology, astronomy, astrophysics, and biology; a chamber for extravehicular activities (EVAs), containing two airlocks, one for decontamination and dust cleaning, and one for air decompression.
For human EVA activity outside the habitat, typically lasting several hours, food, drink and waste management facilities must be included. The correct methodology of the Project Apollo’s Lunar Excursion Module (LEM) can be useful as a model.18  Using pure oxygen in space suits during EVAs is acceptable. The requirements to design space suits arise from the considerations of human factors, operations, safety, environmental conditions, and interfaces with the pressurized facility and the object to be serviced. Further considerations are necessary when designing a spacesuit for lunar use.

B.  Inflatable Structure
Inflatable modules, the so-called "Transhab" concept at NASA Johnson Space Center, which is just fine for habitats, are likely to require labor-intensive integration of internal equipment systems at the site.  In case we decide to build a multi-level module configuration, because the upright multi-level stacks will be very difficult to transport over rough lunar terrain or to cover with regolith for radiation protection. Yet, we are to discover, develop and produce new kinds of light resistant materials protecting humans from radiation and micrometeorite impacts.

We are to take care of degradation of materials in a lunar environment, in particular adhesives and plastics, and other kinds of material. In the Lawrence-Livermore National Laboratory (LLNL) an expandable lunar habitat was designed; it was compiled of separate subassemblies including the bladder, restraint, and thermal and micrometeoroid cover—a coated fabric bladder, made from silicon coated Vectran, was chosen for its simplicity, cold temperature deployment properties, and robust nature. It was a very interesting design. But, one problem to be solved was to maintain structural geometry once the habitat was depressurized for ingress/egress. One option developed to address this was to rigidize the structural restraint portion of the habitat, a technique used frequently in several places. The rigidization is complete, the structure acts as a rigid composite structure.

We are to face temperature changes, and some other aspects of technological unknowns. Several detailed computer simulation studies have been regarding inflatable structures, such as the one made by the late Dr. Willy Sadeh19 and Paul Blase20 from TransOrbital—still, we have some unknowns to deal with.

C.  Crew Quarters and Other Facilities
Important Note: The measures and dimensions as here explained are minimum for a real habitat only. Hopefully, in a near future, besides the Orion vehicle of the NASA Project Constellation, another type of vehicle could be existent. These kind of vehicles might put on the Moon the MLH and its equipment (as explained later at subtitle "Launching of the MLH using current technology", page 46). The recommendation at this presentation is, the most possible to a real design, to design and to turn it into an operational simulator habitat as the one proposed to be installed near Cancun.
The 4.27m diameter modules of the International Space Station (ISS) present the smallest practical cross sections that will effectively accommodate minimum height requirements for people. Some studies indicate that larger modules only begin to offer significant functional advantages when the diameter reaches approximately 6.7 m. At this point the cylinders can be divided into two floor levels. What is intended here is to avoid a  claustrophobic feeling; to get windows to look at the outside, the landscape.

The U. S. Skylab workshop is a very valid historical example of the technology that was available about 30 years ago. Its orbital workshop module, derived from the third stage of the Saturn V launch vehicle, had a diameter of 6.7 m, a length of 14.6 m and a mass of 35,380 kg. The entire system was comprised of an airlock, a docking adaptor, the modified device unit of the launch vehicle, and a telescope.

Living quarters are designed as rigid structures. For the MLH habitat, if using fuel tanks as habitats, as proposed, we still are to deal with the fuel tank’s builder on how we are going to meet the required needs. We could obtain walls of rigid modules for living quarters as a composite structure about 25 mm thick. Discussion with the aerospace company (Lockheed Martin, Boeing, et al.) on how to construct the interior of the fuel tank/module has yet to come.

Crew quarters must facilitate provisions for human comfort: for comfortably sleeping, personal stowage, communications system, computer work compartment, a recreation facility, and just in case, one more as needed. For personal hygiene: provisions for shower, body cleansing and grooming; toilets, waste management collection and treatment systems, laundry equipment to wash clothing/towels. Other rooms: kitchen, dinning-cafeteria/wardroom (adequate seating for the whole crew during eating and other group assemblies), exercise room (with equipment to minimize physical de-conditioning under reduced gravity conditions), library, infirmary room (equipment and supplies for health monitoring, diagnostics, and routine and emergency treatment), storage room (for food preservation/storage, etc).  

The MLH will have a central of information. But, the crew members will carry personalized computers. When in Biosphere 2, the Space Biosphere Ventures (SBV) began putting together the computerized elements of Biosphere 2 in 1985. Programmers under the management of Cybernetics Engineer Norberto Alvarez-RomoC, SBV’s Director of Cybernetics Systems, "decided that a distributed network of personal computers, or one with no central brain, would work better because the design was less prone to the paralyzing ‘crashes’ that sometimes plague central computers. It is cheaper, as well."21 Both Norberto Alvarez-Romo and Cybernetics Engineer Fernando de la Peña LlacaD would design some especial personal computers for the Project MLH. Software engineer Krishnamurthy ManjunathaE is the designer of the controllers.

Physical and Psychological Protection for the Crew Inside the Habitat

1. The MLH (Analogue Lunar Habitat) will provide means to protect the crew from hot and cold weather and other health/safety hazards within the habitat. We are to design systems to provide easy servicing access for routine and emergency maintenance.

2. The atmosphere inside the habitat should be close to the Earth’s atmosphere. The pressure level would be less than at sea level on Earth (approximately 60%) in order to reduce leak losses, reduce structural stress, and make it easier to change into space suits for work on the outside.

3. Gail Leatherwood, in his article about the Lunar Habitat Analogue of Mexico (Mex-LunarHab) in Ad Astra, regarding human behaviour in limited spaces, he wrote, "Then there is the issue of humans living together for long periods in even a semblance of harmony. Experiences starting with the earliest habitats in space have demonstrated again and again that as compatible as people can be, private space is critical to mental health. It may be as simple as a curtain that can be drawn across a sleeping cubicle, but it is necessary".22  Due to the psychological difficulty for people to live together in a small place for long period of time, we, in the MLH Simulator Station in Mexico, are going to design, develop and carry out actual psychological experiments for people. Experiments to be done about how to eventually be the most successfully possible for them, to live, work, and get fun along each other. On the Moon, the real MLH Program will also provide crew support and safety measures to extend crew duty cycles to practical limits, minimizing personnel rotation requirements and costs; but, without going so low to the "cost effectiveness" viewpoint risking the astronauts’ lives. Studies of human acclimation to the lunar environment must involve both physiological23 and psychological24 testing.

             (  A case study: sexual behaviour. We cannot avoid it. We are to face it. We are to face what the Biosphere 2 or any other simulator habitat, including Mir and the International Space Station have had to. As a MLH combined crew, men and women, the crew’s private lives are private. As explained by John Allen at the book Biosphere 2: The Human Experiment, "Still, the hottest topics of interest for the news media, and a subject for amused conjecture for Biosphere 2 watchers, are the love lives of the crew once the doors have closed. Four men, four women. None of them married to one another. Scientific inquiry may be their primary objective here, but it is hard to imagine that eight healthy adults will put romance and sex on hold for the entire two years. Curt Suplee of the Washington Post put it thus: ‘Will there be sex in the Biosphere? Of course, but who cares… those bidding for a berth in the Biosphere 2 are in it for the love of the idea, not the colleague down the hall.’" (John Allen, Biosphere 2: The Human Experience, p. 130).

             ( On psychological matters very important remarks following the Shuttle/Mir missions (as a working team too) are given in SEM Science & Technology Board of Advisors member Marsha Freeman’s book Challenges of Human Space Exploration.25  Chronologically, Mrs. Freeman covers the scientific results from the U.S. Skylab, followed by the Soviet stations Salyut and Mir, the U.S. Shuttle Program(Mir cooperation, and the then still-to-be-launched International Space Station—this laboratory with 3 times the habitable volume and 5 times the power of Mir (ibid., Challenges of Human Space Exploration). In particular, suggested attention on the Appendix 3, "Psychological Support of American Astronauts on Mir". Another excellent lecture is the one by Nick Kanas, et al., "Psychological Issues in Space: Results from Shuttle/Mir".26 Therefore, for a excellent international cooperation in space we are to take these subjects very seriously.  China’s space program is developing in a dynamic way; it engineered a great leap in space exploration by putting into orbit its first taikonaut, Yang Liwei. We are to look for international cooperation in space as Steve Durst (Space Age Publishing Co.), Declan O’Donnell (USIS), Dr. Eligar Sadeh27, and others have been proposing for a long time.

             ( Cooperation in space is also becoming more and more important, and fundamentally necessary; a very good example is the existence of the International Space Station. Today, China is also looking for a potential space and lunar cooperation.28 Apollo 17 moonwalker Dr. Harrison Schmitt at his book Return to the Moon: Exploration, Enterprise, and Energy in the Human Settlement of Space, he sees the return to the Moon only viable with private enterprise becoming integrally involved and justified only if U.S. and its partners are to stay.29
4. Sanitation must be considered along with those measures designed to maintain an uncontaminated environment.

5. Personal Hygiene is considered to be in the list of maintenance of cleanliness of the body itself and clothing. These two need to be considered more extensively when building the habitat.

6. Each crew member will have his/her computer, his/her communication channel to family and, friends, contacts for personal matters, and also keeping his/her personal files. Provisions must be made for the constructive and creative use of leisure of the lunar astronaut. People living and working in the habitat may stay on the Moon 6 to 12 months. Leisure is not only being amused, or being entertained, but it is an opportunity for learning. Still, we can not expect an individual to focus all his leisure time to self-development, in particular with very limited outdoor activities—the main interest would appear to be movies, television set, music, reading, handicraft, arts, card playing, chess, and the alike.

7. It will be very important to match crew skills with the duties required for the operations and maintenance of the habitat itself. A small number of crew makes it undoubtedly necessary to distribute and to delegate too many of the required skills to the individuals inside the habitat as well outside. In the early establishment of lunar habitats and Moon base, the work-rest cycles will be closer to 60 hours per week—a 40 hour week will be unlikely for a lunar crew. The cycles will gradually be decreasing as the automatic equipment and the crew number increase. The roles of humans and robots working as geologists, miners, astronomers, astrophysicists, etc., must be carefully scheduled.30
8. The Temperature Control System for the MLH should be designed to maintain the temperature inside the modules between 18o–22o C, and to maintain the dew point temperature between 4o–16o C. The atmospheres of the crew compartments will be modified by the inevitable increase in contaminants, by-products of crew members, impurities in life support materials, chemical interactions, bacterial flora, and outgassing of compartment materials. Non-invasive techniques should be emphasized to analyse metabolic, immunological, hormonal and anatomic reactions to extended low gravity exposure and other environmental conditions.

9. Microbial contamination, in particular, air contamination, in space facilities is not easy to avoid. Both chemical and microbial contaminants have the potential to accumulate in a habitat of limited volume.31  We are to carefully consider the short-term and long-term health impact and to avoid those factors that will affect the performance and productivity of the astronauts. We are to develop standards to specify allowable contamination levels.

10. Typical medical equipment will include electrocardiogram (EKG) and heart rate monitors and exercise/diagnostic devices. SEM Science & Technology Board of Advisors member Linda Plush is in charge of this development.

Space Suits

Human labour on the Moon will be very expensive, especially if work has to be performed in spacesuits, it is why assembly work on the Moon must be minimized. It is a very difficult task in our current situation to assembly any kind of work on the surface of another celestial body. EVA sorties will typically last for several hours, thus food, drink and waste management facilities must be included.

Argentinean space engineer Pablo de LeonF and his team have been experimenting a spacesuit smaller than those in Earth orbit by NASA and Russia’s Federal Space Agency (RKA), and more flexible than NASA’s Apollo lunar spacesuits. One of the Mars prototype’s most noticeable features is a bright blue covering, designed for thermal protection and to guard against dust, which can be removed. These spacesuits are going to be of very practical use by future planetary explorers on Mars, who will likely stage many extravehicular activities and have reuse and repair their own spacesuits. 32
As we know, the requirements to design spacesuits are born from the consideration of human factors, safety, operations, environmental conditions, and interfaces with the pressurized facility and the device to be serviced. For designing a spacesuit for lunar operations, we are to take into account various important and considerations such as: communications, radiation and thermal protection, mobility, visibility, glove dexterity, micrometeorite protection, satisfactory circulation flow, quality of pressurized environment, and more.

Lunar Vehicles and Human Safety
We are to incorporate automated, teleoperated and robotic systems where possible to minimize crew labor requirements and work hazards. We still have to discuss many details with, for instance, SEM Science & Technology Board of Advisers member Dr. David Schrunk, and Dr. Madhu Thangavelu33, as well Brad Blair, and others about this matter.

In Mexico, we have the human sources to get those teleoperated-robotic systems, the National Autonomous University of Mexico’s (UNAM) Aeronautical Space Engineering Society (SIAE) designed a scout robot named Quetzalcoatl ("Feather Serpent") capable of making decisions on its own. This spider-like robot is about 30 cm3 (which is part of a research project in the archaeological site Teotihuacan). SIAE Vice-President Antonio Andrade, designer of Quetzalcoatl, has said that Spirit inspired this robot to exist. We would welcome any support from UNAM, the National Polytechnic Institute (IPN), the Technical Institute of Monterrey (ITESM), LaSalle University (ULSA), University of Guadalajara (UDG), the Autonomous University of Juarez City (UACJ), and many others Mexican educational institutions.

During lunar activities crew members will be exposed to ionization radiation which is a hazard to health and performance. Radiation includes solar particles, gamma and X-rays, neutrons, protons and electrons, as well alpha particles.

During the 1970s, the annual dose for astronauts over 30 years of age was set up at 38 rem and the lifetime limit at 200 rem. The annual radiation dose within the upper meter of the lunar surface is approximately 30 rem during solar minimum; but can go up as high as 1,000 rem during a solar flair period occurring every 11 years. Currently shielding estimates to minimize these effects are in the order of about 500g of lunar regolith, depending on the design concept. Structural materials and equipment used also for this purpose, might reduce this requirement. For instance, up to this point, as the MLH is being designed, it could remain uncovered—it is an innovation applied to remain proprietary for now. It is now estimated that astronauts on the Moon work about 10 hours in a 24hr period during the lunar day in some habitats. EVA hours may be 20% for most but not all of the crew. When eventually establishing habitats and a base on the Moon, on the basis of the available experience, the permissible radiation dose would have to be established by the responsible agencies.

The MLH Heavy Equipment
On the Moon, the MLH equipment must include: one Apollo-type moon rover (this is also a requirement for the Lunar Analogue Habitat); one nuclear power plant brought with the rest of the equipment; a robotic soil excavator/hauler; and any other needed devise. A lunar liquid oxygen plant, a mobile laboratory rover, and some other significant infrastructure required to be set up on the Moon is assumed to be at the lunar base site. Developing the Moon requires a great amount of transportation of the crew members, hardware, materials, emergency medical equipment, propellants and the like. This is a powerful reason for most of the vehicles to have a pressurized environment.

A lunar railroad will be the primary means of long-distance transportation of raw materials on the Moon, which will be crossing our natural satellite from the south pole to the north pole. "The challenge of building circumferential lunar rail system is virtually the same challenge as building the electric grid, and both construction projects can be undertaken simultaneously…"34 (David Schrunk, et al, The Moon, pp, 93-99).

Emergency Life Support Equipment

It is also assumed here that the entire minimum number of the MLH modules only can carry limited supplies of food and water (< ~200 kg). Considering that a lunar outpost is already operational, it may recycle all water, air, and waste products, growing most of the food inside a closed life support system, not too problematic for the people living in the MLH habitat. However, in cases where the recycling facility service is interrupted, an emergency life support system must take over. A five-day supply of oxygen and water is available as well as storage room for all wastes.
The outer space-related environmental parameters of high radiation flux, low weight, and superior reliability limits typical aerospace materials to a short list reducing high performance alloys, nanocomposites and thin-layer metal laminates (Al-Ag, Al-Cu) with typical dimensions less than the Frank-Reed-type (packing flaws of "weak" points crystalographically) dislocation source.

Experimental Science Equipment

Such as the making of the MLH needs to be studied and discussed, experimental science equipment still needs to be clarified. The MLH is intended to make contests among universities, institutes of technology in Mexico. Nanotechnology is also one of the most relevant science-technical activities to be performed. We are learning. Marsha Freeman, in her book Challenges of Human Space Exploration, regarding space stations’s crew performance, describes almost every experiment. She lists the names of the experiments involved, even those done by high-school students. And she gives a very good description of mission planning, crew performance, and so on; this is the kind of subject waiting for a more extended discussion.

All together, the lunar habitat, the scientific equipment, and etc., must be taken as a whole. Failures made in the past can help us to develop improved machines today. An example of it is, in response then to the Congress, a 1995 program led by the Defense Advanced Research Projects Agency (DARPA) was established to develop an advanced short take-off and vertical landing (ASTOVL) aircraft. It is now named Joint Strike Fighter (JSF). Today it could be wrong to conclude that the JSF would fail because the TFX did so. Another case is that, for instance, stealth technology has undergone five generations,35 and we still have much more to learn about it—this same approach must be applied to space habitats.

THE QUESTIONS OF PRIVATE FUNDING AND GOVERNMENT FUNDING

Funded by a Public/Private Enterprise Partnership Formula?

Cost is a major objection to a long-range human lunar program. We know that Mars human expeditions are several times more expensive and involve serious and unacceptable risks to crew survival. As we are behind schedule for exploring, living and working on both the Moon and Mars, investment in technological development and research in a lunar program can replace much investment towards a Mars program, if planned wisely. But, as we know, ironically in the United States an objection to go back to the Moon, raised by the followers of the "cost effective" doctrine, is that a lunar program of exploration would be an obstacle to the exploration of Mars.  On the "cost effective" issue, the genius behind those wonderful machines exploring Mars such as the Sojourner, Rodney Brooks has something to say regarding it at "Fast, Cheap, and Out of Control".36
Therefore, under the "cost effective" viewpoint, already formed interests inside NASA and its client aerospace contractors would pursue ever more complex projects related to lunar infrastructure, with no intention to embark on new explorations. And, its is true also that NASA historically focuses its attention on a major thrust only when the current program is expiring, which means that future planning is tactical rather than strategic. So far, true expectations of future human space expeditions are alive only in school children and in science-fiction novels, movies, and television series. It does not only happen in the United States, but the rest of the space involved nations. The objection assumes that exploring the Moon "will also undermine our nations", that "no one will have the energy to keep going to the planets beyond". Yet, on the contrary, real human history shows us that embarking into new lands generates creativity and debunk old ways of thinking in the generation that is raised on its threshold. In fact, nowhere in history, the Apollo Program opened very wide pathway induced inertia.

Human exploration of the Moon will thrust the human exploration of Mars. The latter is regarded as the only one element of exploration of the entire Solar System. Therefore, the establishment of a permanent human presence on our "Seventh Continent", as Krafft Ehricke used to call the Moon, is not a hobby or an impediment, but rather part of our historical process.  Still, even when it does exist a U.S. national, presidential initiative to go to the Moon and to establish human settlements there, one of our very early steps is to identify our commercial customers. Who is it that requires either the presence of humans on the Moon or a product, which can only be produced there? If we get a client and we do not know his/her needs: Certainly, we can not begin to solve a problem if the specific tasks to be done on the Moon are not already been established. Furthermore, it is certain the same thought about establishing a prototype installation to be on approval of concepts.  We must find sponsors having anything to gain, after they gave us their money which will make us able to build the hardware needed to stay on the Moon. These customers have to have a financial advantage from the Moon’s products and services before anyone is going to set up cabins there.

The private sector alone cannot accomplish the development of the Moon. As a proven fact, it could not make it in 30 years. After the Apollo Program was cancelled, the private sector itself became involutive, many of those branches of industry which were essential to the lunar program itself are gone. Sure, operational costs are undoubtedly hard to judge, as they depend greatly on the success engineers have in developing systems that need relatively little continuing oversight. Experience with the Space Shuttle37 and with early design version of the space station Freedom38 suggest that operations costs grew in part because increases in estimated costs and decreases in appropriate funds. It caused project planners to cutback on spending for subsystems and facilities that would have controlled long-term operations costs by simplifying and automating operational tasks.

There is another lesson. In 1931, the U.S. rocket pioneer Robert H. Goddard once recalled his advisers from the Carnegie Institution and the David Guggenheim Foundation that investing in unknown scientific territory, testing theories through experimental processes, often is a difficult process, frustrating sometimes, and taking a long time. Most of the time, the results do not show up very fast. Problems arise because of uncertainty associated with the new developments. Trying to explain why rockets advancement was a slow task, Goddard said then that "chemical propulsion was new research difficulty and completely hard to design and to build a new special engine(of(common use".39  Certainly, this is applied to any entirely new technology.

For Funding the Mex-LunarHab (MLH) Project, Which Way to Go?

As a privately funded project, we do not still know how the Lunar Mexico Habitat Analogue Project may exactly be funded. But, as we go, the execution of project management and fundrising the MLH Project and other legalities could be quite instructive to the Lunar Economic Development Authority (LEDA), The Moon Society, the United Societies in Space (USIS), and the Space Orbital Development Authority (SODA); the Space Frontier Foundation (SFF); National Space Society (NSS); the Guadalajara-based Mexican Space Society (SEM); and some other organization joining this project.

For fundrising the entire Lunar Mexico Habitat Analogue Project, some ideas have been taken into consideration. Some of those are: we will go through corporate sponsorships (foreign aerospace private sector, national manufacturers, and etc.), government grants (state, county, and federal), tourist attractions, postcards and other publishable goods, in the State of Quintana Roo and throughout Mexico as well as foreign nations. The universities would be bringing some of their research and research money to the project.

Regarding fundrising the real MLH habitat, we should have to pass through a similar process as done for the Analogue Project. The exception is, this effort will be done through getting much bigger funds. As anybody else in higher aerospace businesses, this project must be done through a joint international effort—we all are together! If we all want to effectively achieve substantial results in space, we are to see space exploration and colonization of space as an international cooperation effort as a whole.

Anyway, for the MLH’s introduction into lunar operations, whatever turns out, the next entire lunar effort will be slightly easier than the first time when the United States did it. Since we now have the International Space Station we can figure out how to make it to the Moon without using Saturn Vs to launch the whole package. We will still need to send an orbiter and a lander at escape velocity to the Moon. Since it has been done before the effort should only be about 50% to 60% of the previous Apollo Program ($25B), adjusted for inflation ($150B). Through our experience gained in developing and making operative the Analogue Habitat in Quintana Roo, we will undoubtedly become able to develop and make operative the Mex-LunarHab (MLH) real.

The private sector’s effort has greatly been achieved by the flight of the aerospace aircraft SpaceShipOne (SS1). On June 21, 2004 test pilot Mike Melvill became the first civilian to pilot into space an operational vehicle from the private propriety. SS1’s designer Burt Rutan expressed that the manned spaceflight does not require mammoth spending from the government.40
To illustrate my standpoint here, even though the real MLH is a far more complicated apparatus to be built than the Clementine 1 lunar probe, we can use the latter as an example. Clementine 1 was primarily a Department of Defense (DoD) project, and NASA had minimal involvement. Clementine 1 was designed, built, and launched in almost two years by a small team of 25 technicians, and it came under $55 million budget. The Ballistic Missile Defense Organization (BMDO) of the Strategic Defense Initiative (SDI) had been in charge of the entire project. The same project manager, Lieutenant Colonel Pedro Rustan once said: "The spacecraft has been designed, built, tested, and controlled in space by a team of 55 people. We do not need a lot of fancy scientists PhDs to build a spacecraft".41 He also made another statement which is certainly true regarding Clementine 1: "The most important lesson," Rustan said, "is that the government is better equipped than private industry to build demonstration spacecraft".42  The Clementine mission to the Moon is an impressive indication of how efficient modern advanced telerobotic systems can be compared with traditional space probes. Clementine sent more pictures from the Moon than all previous lunar spacecraft combined despite being much smaller and cheaper—real out of the actual "cost effective" approach. Although Clementine was originally developed for military purposes, being part of the U.S. Air Force’s Strategic Defense Initiative (SDI), it plainly demonstrated what can be done if we only get the opportunity to do so. A very good example of a small private company working with the government is SpaceDev, which is helping to create the world’s First Private Sector Astronaut—undoubtedly, Jim Benson has been doing a very good job! 43
We still need of the private businesses/government formula to be working together to form that so needed partnership. Up to this point, as that partnership is not around the corner, we are to keep going private.

THE SITES TO STAY FOR BOTH THE SIMULATOR AND REAL HABITATS

The Lunar Mexico Habitat Analogue Site:

somewhere at 21o 02’ 15”N Latitude, 86o 53’ 01” W Longitude on the Earth

As the Lunar Mexico Habitat Analogue Project (Simulation Station) is now being planned to be placed near Cancun, this simulation station will be set up on a plain land, still to be carefully chosen, which will permit us to make all kind of tests with rovers (pressurized scouting vehicles) or human simulation expeditions (including, a sandbox for tourist attraction, for people to use remote-control robots).

The immediate benefits for the people living in that area will intrinsically be related to a bigger improvement in their economical, educational and natural environment situation. In closed environments on the Moon, we will need to create some ecosystems close to Earth’s. Therefore,

       ( An increased optimization in agricultural development to generate immediate benefits to the local agriculture; an adaptation programmed for cultivating vegetables, using technology for open greenhouses will be investigated.

       ( Reforesting eroded areas near the MLH site. By using techniques for deserts to stop for keeping growing up and to stop deforestation.

       ( Developing new technologies or improving those already existing ones.

       ( A larger improved education for the younger population. The MLH Project would become a national symbol for any boy and girl, to be motivated to learn science, physics, biology, mathematics, chemistry, and so on. Many children are coming to the schools underprepared, unmotivated, and lacking self-confidence—the MLH educational programs would give them a very precise idea for developing their skills to study engineering or science careers. As for children and teenagers involved in drugs and gangs, they would become able to find a definite, real purpose for their education. We are to dramatically improve our educational systems, basing them upon a true-science standview approach. And, 

       ( An increased tourist activity.

By no means, human settlements on the Moon will require real substantial advances in control mechanisms and monitors to stay operating for a long-term control and maintenance of recycling air, water, agricultural, and waste management systems, a very advanced life support (ALS) systems. In the MLH simulator is intended to be conducting closed habitat tests for long period of times on its Earth site. Evidently, in order to get reliable life-support systems, we are to operate indefinitely a required substantial engineering.44  We have already learned some important advances in both space biology and medicine by experiments made in the Mir station (Marsha Freeman, Challenges of Human Space Exploration, "The Lessons Learned from Mir") that we can utilize for our next lunar exploration stage in the future.  This book presents the scientific results from Skylab in plan, animal and human psychology, as well space physics and astronomy, materials, and precisely, very accurate analyzes some issues involving habitat designs, workloads, the effects of isolation and crew-ground relations.

So far, the growth of plants from seeds and their agricultural experiments have already been conducted in the microgravity environment of space stations, but no food crop cycle has been accomplished in space. One of the MLH major projects is to develop an extensive program of agricultural and forest experiments (the growth of food crops in the lunar regolith, a handful of regolith transformed into soil, could be one of the activities in biology done in the Mexican habitat). In cases of long staying in space, humans need to have as close to the same conditions as possible as on Earth, in order not to suffer irreversible physical damage. For proper functioning the body requires traditional foods (not freeze-dried, or in the form of pills), in order to carry out such regular functions as intestinal peristalsis and the supply of maximum possible vital energy to the cells. This can only be obtained by raising fresh vegetables, and this is only possible by using aeroponic technology, since there is no soil on the Moon and some work is needed to change lunar dust into Earth-like soil (not so much change will be needed on Mars surface).

Thus, if we want to colonize space by allowing a long stay for some human beings, the only solution is aeroponics. Aeroponic techniques are a spin off from the space program. NASA begun studying them to solve problems of feeding people employed in space exploration and colonization. Although hydroponics has long been developed for areas with little cultivable land or short growing seasons, aeroponics is potentially a superior growing method all around (and cheaper), for several reasons. Hydroponics requires a substratum which is often expensive, and its function is more difficult than aeroponics one. In aeroponics, plants are inserted into support structures with their roots suspended in the air. The roots are regularly sprayed with a nutrient solution which is recycled through a closed-circuit hydraulic system, in order to minimize water and chemical dispersion. In the MLH habitat, potatoes, onions, carrots, lettuce, etc., would not only be growing in a highly controlled growing situation, advanced experiments will also be carried out. Aeroponic products tend to be richer in nutrients, homogeneous in size, and to ripen more quickly (although tasting it is not so quite good).

The MLH Project plans to bring in Dave A. Dunlop’s Lunar National Agricultural Experiment Corporation (LUNAX) concept. LUNAX was brought to the public in August 1990. It is a very good project, which can develop science experiments in situ to address some of the interdisciplinary problems involving space-based agriculture such as energy supply and consumption, use of "local" resources in the lunar and Martian environment for soils. As much as the adaptive response of various plants to different environmental conditions.

Those developments (and more) mentioned above are intended to reach some goals as proposed by the Ehricke’s Extraterrestrial Imperative. Such as Ehricke’s biographer Marsha Freeman has written: "He developed his concepts of the Extraterrestrial Imperative, based on the three laws of astronautics he had promulgated to guide the space program, in the 1950s: The Extraterrestrial Imperative is based on Ehricke’s distinction between multiplication and growth. Multiplication is a phenomenon that abounds in nature; growth is unique to man, he proposed" (Marsha Freeman, "Krafft Ehricke’s Extraterrestrial Imperative", p. 21).

A Possible Future Site for the MLH Real Habitat:

at 0o Longitude, 86o S Latitude on the Moon

A permanently human lunar outpost will be an important element of a space transportation and operations infrastructure to start supporting exploration of the Solar System. Such human task can greatly advance scientific knowledge and progress towards realizing self-sufficiency as well as possible industrialization of near-Earth space. A logical site for one of the first bases will be at the highest latitude of the Moon that can provide a continuous post telecommunications link with the Earth, such as the Southern Pole. We can get near-continuous sunlight available at the north and south polar regions of the Moon, with the possibility of finding concentrations of water-ice, hydrogen that are needed for industrial processes and for life support systems, and they are suitable locations for the construction of the first utilities grid. Useful products can include plants grown oxygen for breathing and propellant, 3He, better known as helium-3 (He-3), for nuclear fusion power, and a variety of materials for construction.

Dr. Schmitt clearly emphasizes the need to exploit resources in situ, for instance, of helium-3. In my opinion, I think he is quite right. In Chapter 7, he explains considerable detail on lunar settlement for the purpose of mining, processing and refining 3He, better known as helium-3 (He-3), which will be useful for nuclear fusion power. Following Dr. Schmitt’s early research and proposals on He-3, I had appointed out this element as a first choice to power a moonbase and send it to the Earth.45 (Harrison H. Schmitt, Return to the Moon). Industrializing our natural satellite is the first and major priority.

Obviously, for lunar power generation, nuclear reactors have previously been considered a first choice compared to solar photovoltaics, since most places on the Moon receive 14 days of sunlight followed for 14 days of darkness. But, the south polar region has geographical points of higher elevation that provides the placement of provisional solar power and communications equipment for the first lunar base. The North Polar region is also applicable.

As the site for the first permanent lunar base, the preferred beginning point is on the Earth-facing side of the Moon at 0o longitude, 86o S latitude (85o S or N is also the highest latitude that permits continuous line-of-sight teleoperation of robots from Earth). That site is, the "Newton Base", in the Malapert Mountain in the south polar region, as Drs. Madhu Thangavelu, David Schrunk, Bonnie Cooper and Burton Sharpe have pointed out (The Moon, pp. 26, 91, 101). "Newton Base" is near the crater Newton, hence the name. That is a probable site for the Mex-LunarHab to become part of that future lunar base. We can take a great advantage of the ESA’s SMART-1 lunar probe directed by Dr. Bernard Foing. Very good pictures about lunar sites were taken by this probe. SMART-1 made a good job! 46
The Clementine probe imagining experiment showed that such permanently shadowed areas exist in the bottom of deep craters near the Moon’s South Pole. The fully NASA-funded Lunar Prospector results showed a much larger areas having water at the North Pole. Anyway, much of the area around the South Pole is within the south pole-Aitken Basin, a crater 2,500 km in diameter and 12 km deep as it lowest point, and many smaller craters exist on the floor of this basin, which, are never exposed to sunlight. Within them the temperature would never rise above (173o C (100K). Thus, in that stable temperature, deep inside the regolith, approximately between 1 m and 3 m deep, somewhere in the Malapert Mountain, the MLH would be installed some day.

Geology and geoscience research will entail surface extra-vehicular activity (EVA) missions; typical equipment includes portable seismometers, radiation detectors, fluorospectrophotometers, and core drilling/sampling devices. The MLH crew and computers would analyze some of the data. Soil and rock samples would be sent periodically to Earth.

A second site, unmanned, is on even higher ground at about 30o W longitude, 83o S latitude (approximately 100 km north and west of Newton Base). But its geographical position the Newton Base site may receive more than 340 days of sunlight per year for solar power generation. On the other hand, lunar resource investigations might take advantage of Apollo landing sites where geological conditions and soil composition are quite well understood. Such as engineer in mines Brad Blair has pointed out that "at the present, only six locations on the lunar surface qualify as candidates for the design of a mining and extraction system: The landing sites of the Apollo missions".47 There, through human-made activity on the Moon, detailed scientific investigations were covered up.

In the late 1950s, it was believed the Moon had no water, and for establishing an earlier lunar outpost sites were considered to be closer to the equator rather than the poles, as the landing sites of the Apollo missions. The first lunar base ever designed was introduced at the Project Horizon Report. This Report stated that "…for a number of technical reasons, such as temperature and rocket energy requirements, they (outpost sites) are bounded by plus/minus 20o latitude/longitude of the optical center of the Moon sees favourable… three particular sites have been chosen which appear to meet the more detailed requirements of landing space…".48 (Project Horizon Report, Vol. I, Chapter II, p. 8)

Therefore, manned Apollo surveys indicate that lunar regolith contains as much as 40% oxygen in some locations. Maria ("seas") sites are known to also posses large quantities of silicon, titanium, magnesium, aluminum and other materials. Hydrogen should be extracted as well. Teleoperated robots will be delivered from Earth to the Moon. They will be necessary for the initial mining, extracting all kind of raw materials; processing, and manufacturing (solar cells, construction materials, computer chips, electric cables, ceramics, etc.). We will need transportation tasks made for the circumferential utilities grid construction project. A lunar railroad will be the primary means of long-distance of raw materials crossing the Moon from the South Pole to the North Pole, as proposed by the authors of The Moon: "The challenge of building a circumferential lunar rail system is virtually the same challenge as building the electric grid, and both construction projects can be undertaken simultaneously…"49 (also David Schrunk, et al., The Moon, pp. 93-99).

Obviously, during its operation a Lunar Base will frequently be confronted with the problem of defective equipment due to wear, tare, and random failures. Therefore, spare parts must be available at the base for quick replacements. As the capabilities of the lunar crew and facilities grow, defective parts can be repaired at a central workshop, and even produced using lunar resources later. Five different categories of lunar base equipment that need parts must be considered:

              ( Structural parts (under dynamic loads).

              ( Mechanical parts (under dynamic loads and exposed to friction).

              ( Electrical parts (wires, cables, batteries, instruments, electric equipment, etc.).

              ( Electronic parts (computer controls, telemetry, television, photo cells, etc.).

              ( Medical equipment parts (telemedicine, typical medical equipment, 

                 electrocardiogram (EKG), heart rate monitors, exercise diagnostic devices, 

                 etc.).

The demand for spare parts for the habitat must be determined on the basis of expected failure rates, before a management concept can be developed. However, maintenance and repair will certainly be one of the most important activities, both inside the hab and EVAs, and they must be taken into much consideration.50 In the MLH Simulation Station, we are to develop models simulating this operation which must be appropriate to solve this problem. We still have to make a detailed study regarding this issue.

For sure, the operation of the International Space Station (ISS) during this current decade will lead to improved assumptions for optimizing an initial moonbase. Some of the recommended lectures for increasing our knowledge about building a moonbase are the following books: Paul Spudis’s The Once and Future Moon51, and Peter Eckart & Buzz Aldrin’s The Lunar Base Handbook.12 Regarding the latter, Dr. Peter Eckart collected writings of many prominent engineers and scientists who has designed advanced concepts for returning to the Moon and the establishment of a permanent lunar base. A very good technical book meanwhile providing a general interview and equipment, good engineering concepts; Apollo astronauts Dr. Buzz Aldrin and Jack Schmidt describe very detailed aspects of lunar exploration.

Also, very interestingly, in Dr. Schmitt’s Return to the Moon’s Chapter 11, "Investors: the best Approach", is a business plan for attracting investors through the economic rewards of not just the sell of He-3, but also the countless spinoff technologies and services as a result of lunar settlement. Related to investors, respect the MLH operational activities, I have made emphasis on preventing to fail to address the requirements of a paying customer. That "one of the very early steps is to identify our commercial customers. Who is it that requires either the presence of humans on the Moon or a product, which can only be produced there?  These customers have to have a financial advantage from the Moon’s products and services before anyone is going to set up cabins there." And, that we are now to be aware that along the way we will solve particularly technical and logistical problems and yet fail to meet a customer’s needs.52
Launching the Real MLH Using Current Technology

With current rocket technology, the carrier rockets configuration chosen today (2007) could be Russia’s Proton with a United States’s Centaur G upper stage. Today’s originally made rocket lack a powerful enough upper stage. On the other hand, the U.S. Air Force’s Titan IV/Centaur G could be used almost perfectly, but is probably too expensive at between $250M and $300M per launch.

We have powerful and not so powerful rockets, such like Russia’s Proton; France’s Ariane 5; China’s CZ-5; U.S.A. Rocketplane/Kistler K-1; Japan’s H-IIA launch vehicle; and, Brasil’s VLS sounding Rocket—still, we need to develop a common space vehicle. During the Propulsion for Space Transportation of the XXI Century conference held in Versailles, some discussions and recommendations were raised from the Societe Nationale d’Etude de Construction de Moteurs d’Aviation (SNECMA), FiatAvio and Astrium which for the next 10 years were on designing engine systems and parts from reusability and reliability.  SNECMA’s main goal for the Ariane 5 is to decrease the cost by 30% of this expendable launcher (the Vulcain 3 engine design approach is conceived to reach this goal).53 How to implement the transition to a reusable engine is the main question to be answered.54 Pratt & Whitney and General Electric still have to solve the making of aerospace engines for easy access to space. American and  European aerospace companies, such as Northrop-Grumman, Messerschmitt-Bolkow-Blohm (GMBH), and others, are some to provide us of reliable, utilizable aerospace vehicles.

The space industry capabilities of India are the first stage of both the Geostationary Satellite Launch Vehicle (GSLV) and the Polar Satellite Launch Vehicle (PSLV). They make of India the fourth most powerful solid fueled engine in the world, coming after the boosters of the U.S. Space Shuttle, Titan IV and Ariane 5.

During the last several years, the Chinese space engineers have been advancing in rocketry, on lunar landing control systems as those to track desired height and velocity profiles respectively for lunar gravity-turn descent55; as well as those for calculating launch window time for a lunar probe. One of those presentations of a typical orbit of lunar probe includes Earth-Orbit segment, lunar satellite orbit segment and Moon landing orbit segment, are presented by Xia Xiao-Ning, Zeng Guo-Qiang, Zhu Wen-Yao.56  There is a very interesting Chinese paper which reveals a lot of technical details on the Chinese plans for lunar exploration. Orbiters, landers, and sample returners are very well described (but throughout the paper, the meaning of the acronym remain unexplained), which includes some details (and a tentative drawing) of a 4 tons sample return probe to be launched around 2010 by the smaller member of the CZ-5 group of rockets. That paper includes a preliminary technical concept and tentative idea about the lunar exploration on the basis of analyzing the current technology base of China.57
Right here, assuming the existence of a lunar base in its early stage, the logistic system supporting such a base, at large, is a combination of a Heavy Lift Launch Vehicle (HLLV), a lunar launch-and-landing vehicle, an operations station in lunar orbit, at least. The average life cycle specific transportation cost of this system for cargo between Earth and Moon has been estimated to be $2,026/kg, the average life cycle roundtrip cost of lunar personnel has been estimated to be $3.60 million. Now, when President Bush has to press for an efficient transportation system, the role of launch vehicles in the program of exploring the Moon and Mars should indeed be critical.

As a reference for the MLH, the Lockheed Martin Centaur G’s basic specifications are: Diameter: 4.3 m. Gross mass: 23,880 kg.  Thrust (vac.): 14,970 kgf. Isp: 444 seconds. Propellants: LOX/LH2. Engines: 2 RL-10A-3A.

The MLH rigid cylinders might be 4 m diameter, 9 m length, in order to fit the Titan IV/Centaur’s Envelope. Envelope maximum cylindrical diameter is 4.57 m, and its cylindrical section is 12.2m length. Perhaps, one MLH/Fuel Tank would feature a single Pratt & Whitney RL-10 engine, already used on the Centaur upper stage. If the U.S. highly reliable RL-10 engine were used on the MLH/Fuel Tank, the mass in low Moon orbit would be decreased by 50%.

Today, the NASA Constellation Program’s Orion58,59 is being developed to carry a new generation of astronauts back to the Moon and later to Mars. According to NASA plans, it will transport cargo and up to six crew members to and from the International Space Station (ISS); its first flight to ISS is planned no latter than 2014. Its first trip to the Moon is planned for no later than 2020. Later, it will support transfers for Mars missions.
Constellation Program’s Orion vehicle will succeed the current Space Shuttle as the space agency’s primary craft for crewed exploration. Orion shape is alike Apollo capsule of the past, but, of course, with modern technology. The real and interesting case now is to get the proper high technology done. Perhaps, in a not so far future, one day, Orion vehicle may carry the MLH Lunar Habitat to the Moon. Or, perhaps a common international transit vehicle is developed to carry also payloads between the Earth and the Moon, then every nation will be able to use a common carrier to add their own specific components to the future lunar base. Mexico would be able to put much easier a lunar habitat and equipment on the Moon. Meanwhile, as proposed here, any cylinder finding its way to the Moon will probably expend its early life as fuel or oxidizer tank.  That is how it pays its trip to the Moon. Assemble 4, 5 or 6 tanks of comparable diameters and length into a square or polygon with airlock couplings at each joint. During its very early stage, for instance, the MLH would be formed by 2 metallic cylinders (rigid, the fuel tanks), and 1 inflatable. Once the tanks are placed and coupled then a sphere is placed in the center of the cylinder ring (if 4 or more cylinders), bolted to the tanks and inflated. Once the sphere is fully deployed epoxy is injected into cavities in the fabric where it hardens. Then the whole thing is partially covered with the excavated regolith. Continuing with the proposal of the fuel tank/habitat idea, we would start with 2 rigid cylinders, 1 inflatable cylinder, and 1 sphere. This idea is for planning to use 2 rockets (hence those 2 metallic cylinders; and carrying the sphere and the rest of basic equipment and crew); these are the minimum number of modules for this habitat to efficiently be operative (or, to eventually be linked to other nations’s habitats). This configuration must nearly be alike the MLH simulator to be installed near Cancun.

The fuel tanks can be fabricated with the airlock joint on one end and a receiver on the other, or each airlock can separately be carried and assembled when on the lunar surface. Anyway, this asymmetry has both advantages and disadvantages. There is a functional elegance, which can be appreciated by anyone who has ever played building a model using "bricks", like Legos.

CONCLUSION

The Project Mex-LunarHab (MLH) was introduced by the first time during the Proceedings of the United Societies in Space and Affiliate Authorities, Trusts, and Associates Conference, on August 4, 2003 in Denver Colorado60. The next public international presentation was during the 2003 International Lunar Conference (ILC-2003) held in Waikoloa, Island of Hawai’i61.
Thus, we can, and will, design several of lunar habitats. Almost all of them will be useless because they fail, one way or another, to address the requirements of a paying customer. We must take care not to destroy, scrap or excessively cannibalize any experimental habitat structures. They are very useful for the tourism business, whether they are kept on-site in a tourist area or whether they may be moved to the tourist attractions. Also, they are very useful for space education, science education; to educate the younger population about how to live in space, on other celestial bodies—if we finally make these things, we would have left a great inheritance to the future generations. But, we are now to be aware that along the way we will solve particularly technical and logistical problems and yet fail to meet a customer’s needs.

Therefore, as the creator, collaborator and coordinator now involved in the early design of such Moon habitat, my position is to find a proper way to get the MLH project done; to start to convert the dream of "Newton Base" in the Malapert Mountain, into reality.

Without any doubt, the Project Horizon played a very important role for the decision for going to the Moon during the 1960s. Probably, without that study there could have been no Apollo Program. Today, a project designing a lunar base in the Malapert Mountain ("Newton Base"), and the MLH habitat included, may play a historic, exemplary and significant role for the decision to go back to the Moon soon.  This time to stay.

________________________
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APPENDIX III

How science driven programs help economic recovery

We have a very strong historical background to prove how science-driven programs have lead into national economic recoveries. Today, we certainly know that a space-oriented science-driven program, with educational systems installations, reformed modes of urban infrastructure, and other related welfare for the commonwealth of the people, an entire nation can obtain into the road of national economic recovery.

We all know that infrastructure is not the urban commercial centers, and supermarkets, but investment by the State in the energy, transportation, and water projects required to sustain an advanced, improved agroindustrial economy. In this way, the State can use infrastructure not only to rise the physical conditions of the population, to rise employment of the most advanced technologies in these projects provokes knowledge of the creative nature of the human being.
Every time we see more many people around the world who are realizing of the importance of the need of space-related projects, scientific and technological development programs, and they are stating that these are representing an efficient way of eradicating poverty and ignorance of their populations. Here one of these statements: "It is important that poverty-stricken South Africa have its own space agency so the country can cooperate with outer countries on science-related issues, according to Mosibudi Mangena, the country’s science and technology minister".1
Yet, to illustrate that issue of space-oriented science-driven programs, we are to review a little of past history.  Two race contests were played from the early 1960s: 1) The race to the Moon, and 2) the race to undermining national economies. The United States won the race to the Moon. Russia got ahead for the second one, it arrived first. Then, the United States was forced to run the second one too. Now, even when some efforts have been intended to be made to alleviate this trend, during the last 30 years, Mexico has also been practically running the second one.

What happened? The growth of an anti-scientific post-industrial/consumer societies, and suppression of pro-scientific producer cultures after 1963, along an irrational, coercive environmentalism leading to false beliefs, such as the myths of "limits to growth" and "overpopulation", have been the roots of which mislead the whole world into the present worldwide economic problem we have felt down. But, as it has already been scientific proven, none of those beliefs based on "limited resources" and "overpopulation" are actually a true scientific fact, yet together they have been shaping our nations’ social and economical policies. Indeed, these beliefs wiped out what space enthusiasts and much of the public, in both Mexico and the U.S., had thought in the 1950s and 1960s would happen lunar bases and on to Mars. 

In the 1950s, the U.S. and the rest of our Western nations once were amazed and delighted by the technological feats of scientists, in particular the incipient Space Age, which also was depicted by painters like Chesley Bonestell, then by Robert T. McCall, as well as entertainers like Walt Disney, whose popular television show and some movies featured then an optimistic view of the wonders of Space, science and technology that fascinated most of the people then. Ending the 1960s, all of it changed.

For the counter cultural movement, the successful Moon landing marked their "dead end" for continuous human real progress. Still, opposing the benefits brought by the ‘60s lunar program and dismissing Walt Disney’s work, we can find an 1997 article published in The New York Times titled "Once Visionary, Disney Calls Future a Thing of the Past" is the statement made by a professor of art and history, who summed up the attitudes of the people who have accepted the propaganda from some anti-development institutions, saying that, "We went to the Moon and all we got out of it was Teflon pans. Our goals as a people are not these pie-in-the-sky objectives that people grew up with in the ‘50s. (We) settle now for a house in the suburbs and to hell with the Moon. What’s the point of building a monorail if we can hardly get the car to work?"2
When President John F. Kennedy announced his lunar initiative, he knew it was about more than putting a man on the Moon.3 In fact, against the recommendation of most of the scientists, Kennedy stated that the Moon was a national goal.4
Regarding the entire U.S. space program then, he always referred to it as "the focal point for a more expanded scientific effort", and the other 60 projects, without any relation to the critiziced one (the lunar project) were taking out of the space program almost 25% of the funding.5  The Apollo 11 mission to land the first men on the Moon was carried out such as JFK had announced it. But the others, such as the cancellation of three more Apollo missions (18 through 20), or developing nuclear propulsion to go further than the Moon, were sabotaged precisely due to those "limits to growth" ideologies.6,7
One of our human society’s major problems today is, there are several false arguments against exploration and colonization of space, and many myths have been concocted for popular and governmental approbation, in order to make these arguments more convincing. Just let’s start taking into account that as soon as President Kennedy was gone above the counsel of all his advisers and started the race to the Moon in 1961, the target of the attack become the supposedly negative "social impact" of such large-scale science and engineering effort. Since the 1963-1968 period, it was a deeper change in policymaking of the world’s leading powers. The U.S. citizenry has been told that excitement about space exploration had necessarily to be diminished because the lunar program was a "dead end".

In the early 1970s, rocket pioneer and one of the main designers to the Project Apollo’s Saturn V rocket, Dr. Wernher von Braun, once complained plainly saying, "It is not the young people, the students, who are really to blame for this attitude of hostility to science and technology… they are simply misguided by certain social philosophers, cultural historians, and the like, whose teachings and publishing works provide only a very lopsided view of science and technology pictured as causing the downfall of man".8
Von Braun was so right. Some examples of misguiding the U.S. population was writer Norman Mailer in his extensive 1971 book on the first Moon landing, Of a Fire on the Moon 9 tried to form a "public opinion", that the Moon landing itself was a barren effort. Curiously, from the 1960s, many Western European intellectuals rejected growth, technology, and even science (in particular true-science). Most of the Ibero-American intellectuals are not so far away from this same situation. Interestingly, the European intellectuals have, in general, very wrongly despised science, true-science with a mixture of Marxism, Freudianism, and ancient cultural myths. Theodore Roszak made a great deal about the countercultural movement, and he came out with two books published in 1969, on "the youthful opposition" to technology in the "post-industrial society".10,11 Then the publication The Limits to Growth showed up in 1972. Daniel Bell, author 1973 The Coming Post-Industrial Revolution12, was pushing into the existence of a consumer society, and marking the end of the American System of productive economic activity.  It was how the "post-industrial society" became the useful state for the young burgeoning addicted into drugs, heavy rock13, and sexual licentiousness—the counterculture in all of dazzle.

The Apollo 11 mission to land the first men on the Moon was carried out such as JFK had outlined this project. But the others, such as developing nuclear propulsion to go further than the Moon, were disappeared due to "limits to growth" ideologies, meaning zero-growth development. Precisely, the so-called "post-industrial society" movement then, came into motion from the countercultural movements, raised up during the period 1969-72, and later wider programs from these movements were organized ending the 1970s and the early 1980s. This period is also coincidental to the described "lost decade of NASA", between the last trip to the Moon, Apollo 17, in 1972 and the first flight of the Shuttle Columbia in 1981.

The book Kennedy in Power (although a unfavourable book for this president) makes clear how most of the science people in the Kennedy administration and some sociologists opposed the lunar initiative arguing that "was intended to go too far".14  That it was useless for solving problems on Earth. Yet, it is well known how the Apollo Program taught us how to solve social problems by applying principles instead of details. Big problems are solved through big solutions (Kennedy knew very well what he was doing). Also, we are to take into account that introducing a new technology, besides fighting wrong economic-policies, we must often fight two groups of people: 1) The scientists who oppose it and, most of the time, 2) the scientists who invented it. The first group of people is also applied for new scientific endeavours, such as going to the Moon or to Mars.

When President Kennedy announced his historic lunar initiative, against the recommendation of most of the scientists, he stated that the Moon was a national objective.15  And regarding this last point, Kennedy always referred to the Moon landing project as "the focal point for a more expanded scientific effort", and that the other 60 projects, without any relation to the criticized one, were taking out almost 25% of the funding from the entire space program.16 Today, as happened 40 years ago, the acceptance of the "high elevated costs" for the President Bush’s space initiative is that the culture (the state of the mind) of the audience reading or listening to the news, is very low. Therefore, for the popular audience to listen or to read that the Apollo Program was not money thrown into outer space, is very hard to understand. Nevertheless, on November 25, 2005 the U.S. Congress approved a $16.5 billion budget for funding NASA’s Moon-Mars exploration initiative for second consecutive year. It represents a $260 million increase over 2005 funding. It includes $3.1 billion for NASA to continue developing the rockets and spacecrafts will take astronauts to the Moon late in the next decade, as well $912 to restore the agency’s aeronautics research program, and 6.7 billion for operations involving the Space Shuttle and the ISS, and more.

As George T. Whitesides, Executive Director of NSS, on October 19, 2005 said "we are going back to the Moon and on to Mars with a plan that the nation can afford".

Referring to the Columbia accident and a change in NASA culture during the second half of the 1980s, Dr. Sally Ride stated that, after Challenger disaster, NASA "put a lot of attention into solving those problems in the few years after 1987, but those lessons seem to have been lost".17 As well known, what happen is that, at this point we face also a matter of education and cultural standards. For instance, several of the most important sources of risk, as in the case of substituting the O-ring on the Challenger’s boosters required intense experimental care and attention to apparently small changes in the combinations of technology of materials included in a new design. The same situation remains for the Columbia’s causes of tragedy. It could be such as those changes made after the Apollo 1 accident and the problem suffered by the Apollo 13 crew. In order to find the causes of problems, risks, and so on, an extensive experimental research is needed, thus today necessarily a cultural revival of making all of that work must be kept. 

As stated many times by Marsha Freeman, biographer of aerospace engineer Krafft Ehricke, the designer and developer of the Centaur upper stage and one of the technical pillars of the Project Apollo. Mrs. Freeman asserts that Ehricke correctly believed that the opposite way of thinking, using science and technology, would lead to overcoming the limitations of resources, international cooperation, an international Industrial Revolution, and the preservation of our natural environment at large, the biosphere. Ehricke’s Extraterrestrial Imperative proposes that the exploration of space is the road by a real economic growth should be realized.18
Therefore, as it is well known, true science-driven projects help economic recovery. Mexico has resources that can accommodate such projects for outer space exploration and development. It also has large areas of rural depression and deserts that need economic recovery.

Another science and technology byproduct for the community is better government, higher education standards and substantial economic recovery as these special people participate in all aspects of society.  There also attract para-technical support, engineering consultant visitors, and lots of tourists to the area. There is a "rising tide" of economic activity when the local science-driven projects inspire and motivate the neighbors, such as the European Space Agency (ESA)19, Asia-Pacific Regional Space Agency Forum (APRSAF)20, and the Latin-American Space Association (ALE)21 where some of the Nation-State Members are Argentina, Brazil, Chile, Mexico, Peru, Uruguay, and some others.

International space inspiration is also shared. In 2006, the Chinese Academies of Science and Engineering voted SMART-1 and Stardust among the top 10 scientific events.22  In September 26, 2005, Dr. Bernard Foing had said: "The first scientific place of the mission, from March to July, 2005, was essentially dedicated to simple observations of the Moon and the study of the behavior of spacecraft and instruments in the difficult thermal conditions of the lunar environment. From early October, with the extended scientific phase, SMART-1 will perform more complex science operations".23 On September 3, 2006 SMART-1 impacted on the lunar soil.

Therefore, AEXA can coordinate and advocate the immediate construction of large and useful science-driven projects that not only rescue these rural areas economically, but, also, create international synergy with the U.S., France, India, Russia, China, Canada, Brazil, Argentina, Australia, and other nations outer space programs. Brazil has a highly developed space program, as does France, China, India, Japan, Australia, and Argentina, to name some.

Therefore, Apollo was not only the NASA’s effort to send envoys of mankind into other celestial body than Earth, it also promoted the pump of the then Western society’s economy to overcome a world economic recession rising up at the time. This statement is not necessary as a conclusion, but it is helpful because of this primary point: The quality of the government support is more important than the quality of money "spent". In the Apollo era, new ideas and exciting science and expanded societal values were involved, not just money. There is no money from the national budget "spent in space"; all that money is "spent" here on Earth, in our nations. Yet, a very important aspect to take into account here is, we are to certainly recognize that in Mexico there are skilled people, so good as anywhere in the world.  The main resource of a nation is its own people.  Therefore, it is very well worthy to put the talented people of the nation to work in the space endeavour.24,25
In the Apollo era, the greatest inspiration to the industrializing nations of Ibero-America was not precisely foreign aid programs, but the space program.  This is a historical fact.

APPENDIX IV

The Aerospace Planes to Reach Space & the Mexican Astronaut Corps

Although Burt Rutan’s rivals admired his design, many argued it did not make sense. They said that Rutan’s "rocket" rides piggyback on an airplane.  They also said it was too small to launch cargo (or tourists) into space and so will never be commercially viable.1 It was not so clearly understood why Rutan’s design was not considered possible. It is the Ansari X-Prize winner SpaceShipOne (SS1).2
No despising rocket efforts, they are also very valuable, under a well competent understanding in aeronautics, Rutan’s design was actually possible. After 1933, when supersonic aeronautics pioneer Professor Adolf Busemann published in Germany a scientific essay titled "Profile Characteristics at Supersonic Speed". And when Busemann himself presented his historic 1935 paper "Aerodynamic Lift at Supersonic Speed", where he predicted that his "arrow wing" would have less drag than straight wings exposed to the shock waves. It was then space flight pioneer Professor Eugen Saenger realized the potential of swept wing aircraft and studied Busemann's papers and he tied this research with his own rocket writing, a 1939 paper titled "Rocket Aircraft in Active Air Defense". 3  This is the paper in which Saenger and Irene Brendt refined rocket designs and proposed advanced winged suborbital bomber.

The SpaceShipOne was thus even made in low-cost access to space!4  (It is not a, so to speak, "cost effective" approach in the sense of risking human lives).

If built, the ExoClipper (XC)5 aerospace plane will be capable of delivering packages and passengers to a distance about 21,000 km (13,000 miles), reaching any point on Earth in two hours or less, which performance may still be optimized.6  To reach Low Earth Orbit (LEO) much more safety than today commonly is, we are to seriously develop proposals for carrying out Eugene Saenger’s design planned to be a piggy-back rocketplane. A vehicle upon the back of an approximately B-747-sized aircraft, which is powered by a scramjet flying between Mach 6 and Mach 8. And, since scramjets engines would utilize the heavier portion of its fuel (oxygen) from the air through which it traveled, the ratio of fuel consumption compared to its net payload of both scramjets and rocketplanes could be on the order of 10 times as efficient as rocket ascent alone. This Saenger-system, as likely represented by the SpaceShipOne and the ExoClipper, is more secure and cheaper than launching payloads and passengers into LEO in rockets. It is well known that none technical system ever made in human history is 100% secure, yet this system has proven to be safe by its own. Future SpaceShipTwo and SpaceShipThree aerospace planes will be built safer than the already existing one (John Kross, "X-Prize Ends in Desert Drama", Ad Astra, p. 17).

The U.S. Space Shuttle system was originally designed to be a piggyback system, a Saenger-type system. Cuts to NASA budget, a little lesser than $12 billion, needed to build the entire fleet of 6 shuttles, forced NASA & the U.S. Air Force’s engineers to change into a wrong methodology, and to design the model we know, and to keep only a fleet of 4 shuttles too. Up to this point, the reader must take into account that the commonly used term "public expenditure", in practice, is not precisely an "expenditure", so to speak, that is investing. Today, it seems like the U.S. military will use a future aerospace plane to launch troops into suborbital space from a carrier craft—all SpaceShipOne-fashion.7 As a matter of fact, the U.S. Air Force (USAF) would even reach the Moon (no military operations) before NASA does, USAF itself owns a bigger budget than NASA.

As for civilians to reach access to space, far more than accurately, Rick Tumlinson, during his presidency of the Space Frontier Foundation (SFF), has stated that: "If the federal governments of the Earth can recognize the potential of space tourism and private space travel, if they can build that recognition into their existing space programs, if they can create a partnership between the public and private humans-in-space sectors, and if they can avoid over-regulating this incipient field before it has a change to grow, within a few years, humanity will have established its first permanent foothold beyond the Earth."8
Private effort has been marvelous performed by the SpaceShipOne (SS1) flight. On June 21, 2004, test pilot Mike Melvill became the first civilian to fly a privately owned and operational vehicle into space. SS1 designer Burt Rutan said: "Today’s flight a critical turning point in the history of aerospace. We have redefined space travel as we know it… Our success proves without question that manned space flight does not require mammoth government expenditures" (John Kross, "X-Prize Ends in Desert Drama", Ad Astra, pp.14-17).

Our Mexican Astronaut Corps would logically be using SpaceShipTwo & SpaceShipThree aerospace planes9, which as SpaceShipOne, they would be taking off and landing on regular runways in any existent airport on Mexican soil. So, Rocketplane/Kistler team’s XP vehicle & K-1010 to gain access to space, through the services of Virgin Galactic11, Blue Origin Company12 and the National Aerospace Center (NASTAR)13 and others.14  The Mexican Astronaut Corps training could be done, for instance, at the world’s first private astronaut training center: Canadian Arrow15, as well as at Black Sky Training.16 That is the next phase of outer space activity. Much like computer technology it is predictable that building human habitats on the Moon, Mars, and in orbits will generate a whole new industry. That may occur soon and Mexico should prepare for it.

Yet, Mexico, for a little more distant future, might prepare its scientist-astronauts to realize experiments in diverse branches of science, such as life sciences, physics, chemistry, and so on. Not only Mexican universities could be partaking, but commercial laboratories as well. If Mexico cannot build its own space station by its own, it may not be necessarily done so in this nation. An already existing inflatable space habitat may be bought from Bigelow Aerospace company. Its first achievement is Genesis I, the first privately financed space station.17  Bigelow is also committed to flying a private space station of hosting 3 persons within few years18, and then a commercial space station by 2015.19 Moreover, perhaps for owning such a little space station, Mexico would form a consortium with other nations like Brazil, Argentina, and etc., for sharing and working in space.

APPENDIX V
Education: The Nation’s Primary Resource

We need a more congruent and appropriated education for people to be prepared to succeed as a space-faring society, meanwhile optimizing life on Earth and, to get prepared to explore and to colonize space.1,2  Regarding obtaining new energy sources a bigger participation of Mexico is needed or it will be condemned to remain far behind the most advanced spacefaring nations.3
Recently, approximately the U.S. graduated 70,000 engineers. Mexico graduated 34,000. India graduated 350,000 engineers; China 600,000; South Korea 57,000; Brazil 18,000; Colombia 11,000; Argentina 3,000. The country producing per capita the highest number of engineers is 1) South Korea. 2) Taiwan. 3) Japan. Mexico is 24; the United States is 25; China, 30; Brazil 35; Argentina, 37.

If a nation does not have sufficient engineers is in a dangerous situation. It cannot increase manufactures, which need constant changes. If we cannot make innovations, we cannot compete. AEXA and a future National Space Commision would be supporting a nationwide campaign for people to become attracted to study science and engineering careers. This effort would be carried out jointly to the National Polytechnic Institute (IPN); the National University Autonomous of Mexico (UNAM); the LaSalle University (ULSA), University of Guadalajara (UDG), Technical Institute for Western Superior Education (ITESO), University of Sonora (USON), University of the Atemajac Valley (UNIVA), the Autonomous University of Guadalajara (UAG), and including technical educational institutions such as the National College of Technical Professional Education (CONALEP).

Planetaries such as the National Polytechnic Institute’s (IPN) "Luis Enrique Erro" Planetary (Mexico D.F.), the Center for Science and Technology "Severo Diaz Galindo" Planetary (Guadalajara, Jal.), the Cultural Center "Alfa" Planetary (Monterrey, N.L.), Center for Solar Astronomy Research (La Paz, B.C.S.), the "Dr. Arcadio Poveda Ricaldi" Planetary (Culiacan, Sin), the "Cajeme" Planetarium (Ciudad Obregon, Son.), and many others. Also, non-profit astronomical organizations such as the Astronomical Society of Mexico, A.C., the Astronomical Publication (DIVAAC), the Astronomical, and all available astronomical societies.

Let’s briefly check on it. The U.S. is stagnant in producing engineering students. In Mexico, the National University Autonomous of Mexico (UNAM) produces per year about 620 psychologists, but only 40 graduate in engineering on petroleum chemistry. In official numbers, per year, Argentina produces 2,400 lawyers, 1,300 psychologists, and only 240 engineers.

For every one million inhabitants, Finland posses 5,000 scientists and engineers; Argentina 713, Chile 370, and Mexico 225. We need a radical change.

In the case of India and China, they are making the commitment to long-term research and development. The U.S. federal support of basic research peaked in 1987, and has been flat or falling ever since. Another reason in the why many young people in the U.S. prefer to study business management or other careers than engineering or science is, when graduated they are not going to easily find a job in this areas (although they would like to study engineering or science). The hegemonic status of being a "post-industrial society" led to a "service economy" status too. Staying under a service economy, there is no a bright future for scientific/engineering jobs. Inflation has been part of the disastrous shift to "post-industrial" society. That kind of burden is a university (college) "education", whose degrees now stress business, leisure and recreation, health services, and financial services, rather than science, engineering, or Classical arts. (No speaking of credit-card debt). Therefore, young people today are not studying careers in science or engineering because they will earn tomorrow a much better, constant income. In Mexico, among young people, a very much alike situation is founded.

In the United States, many aerospace-related people give credit of their success to public investment in education, university research, in infrastructure, institutions and organizations like NASA, the National Science Foundation, Defense Advanced Research Projects Agency (DARPA), Lockheed Martin, Boeing, and others. But the commitment of the public sector has not kept pace with the United States’ challenges on the worldwide economy.

In Mexico, to create new generations of innovators, our plan calls for a qualified teacher in every geometry-mathematics and science classroom and we ask to engineers and scientists to join the groups of national teachers.

To reach innovation to a worldwide level, economic independence, and to avoid a growing and wider breach in science and technology between Mexico and the most developed countries, Mexico must: to open new real industries, graduate more new scientists, engineers, and technicians for 2010. It would be done by double funding for overall basic research and development; to achieve real energy independence within 10 years; and to support entrepreneurial small businesses that will transform new ideas into marketable technologies. People are to recognize that independent scientific research provides the foundation for innovation and future technologies.

A sustained commitment to innovation will our nation be able to maintain millions of needed jobs, to protect our national security, and enjoy prosperity in homeland with good Mexican jobs. Science and its indispensable partner, technology (high-tech advanced machine design), must become a standard of our industrial performance.

As applied to the Mexican Space Society (SEM), it is equally applied to the Mexican Space Agency (AEXA). For assuring our commitment to innovation in aerospace science and technology, a very good advise is given by Dr. David G. Schrunk in the article "Science" of his book The End of Chaos. Dr. Schrunk explains: "The critical factor that accounts for the success of science its social structure. In particular, the advancement of scientific knowledge depends in the body of peers—an organization of individuals who have specialized knowledge depends in a particular field of study. (Science extends beyond national boundaries, and virtually all scientific societies are international cooperative organizations). The body of peers constitutes a scientific society that establishes and maintains standards for the conduct of scientific activities, judges the work of scientists, and records and promulgates scientific knowledge. Scientific societies give an identity and a focus to the scientific community and provide the forums necessary to the development and growth of the intellectual process of science. The societies are thus the essential structure of science that validates scientific knowledge and assures the freedom of scientific fact from the influence and constrains of outside influences such as superstition, bias and ideology."4
Our own existence as a species is depending in our ability to develop great tasks. A bright future for humankind is at our hands now. Children like Space. Even more, some love Space. Watching the popularity in general of movies and television series as Star Trek, Enterprise, Stargate SG-1, Star Wars, 2001: A Space Odyssey, Apollo 13, Mission to Mars, October Sky, and many others, the crowds for these movies and books contain a large number of children who think Space is "cool". Still, the educational institutions are not tapping into that natural interest. There are few notable exceptions around the world.  In the U.S., some of those are the Space Camp at the U.S. Space and Rocket Center, next to NASA Marshal Space Flight Center in Huntsville, Alabama. Another one is next to NASA John F. Kennedy Space Center in Florida; there is the Challenger Center, and few others. Also, few places alike those can be found in France, Russia, etc. Nevertheless, each year, thousands of students are inscribed in simulated astronaut training, and they come away with a huge enthusiasm for Space. Many have earned advanced degrees in space-related fields, and some have even become astronauts.

Therefore, for children, Space is real, as real as they dream even to travel in space, to go to the Moon, or even to Mars—same as I did when I was a child too! Children are motivated to learn science, physics, chemistry, biology, mathematics, and so on, if they can see a definite, real purpose for their education. There are many young people in Mexico, Spain, the United States, and so on, coming to the schools underprepared, unmotivated, and lacking self-confidence, yet, the book Rocket Boys (October Sky, the movie) gives them a very precise idea for developing their skills to study engineering or science careers.

The rocket boys’s teacher Miss Freida Riley gave then-future rocket scientist Homer Hickam the book Principles of Guided Missile Design, and she was so direct stating to him: "All I have done is give you a book. You have to have the courage to learn what’s inside it".5
Cooperation among young people involved in space-related science experiments is becoming more common every time. The Student Space Exploration and Technology Initiative (SSETI) gathers more than 500 students from more than 15 universities located in European nations and Canada. The students are undergraduated, graduates, or PhDs students and they are designing and building satellites in close collaboration with the Educational Department of the European Space Agency (ESA). They are driven by the expression: "Let’s launch the dream".6
Evidently, we need to have much more educational institutions as those named at the last paragraph. To found precisely such a kind of educational institution in Guadalajara has been a long goal for SEM to successfully be accomplished, as also shared by Secretary of SEM, lawyer Luis Miranda Gonzalez. Therefore, we need to dramatically improve our educational systems, basing them upon a true-science standview approach.7,8,9  Basically we are to put their materials together so that everything that has been expunged from the libraries and the data-bases can be returned back to human society where it belongs. Science must be open to everybody for helping to develop the human talent necessary for achieving, in a near future, the great task before us today. We need to develop the Buzz Aldrin Libraries10,11 for technical, scientific learning and entertainment activities for our younger people.

The entertainment industry as well as the commercial media would efficiently be participating in developing and improving our national educational system. As Televisa nationwide news reporter Monica de Avila Lozano, a pro-space-science-and-technology and Mexican Space Society (SEM) Press Secretary share also this same standview, there are also more people who do so.

We need to introduce a new era of optimism to our nation’s people. In 1958, the U.S. capital goods in nondefense industries was declined, and continuing to be on that track. During the 1960s, the Project Apollo showly reversed this trend, the manufacturing capital goods for nondefense were more than doubled. It became into success due to the Kennedy’s space program, his infrastructure-building program, and his investment tax credit program. It was a firm conviction during the Kennedy presidency that technological progress provided the indispensable basis for rising living standards and future growth. Heavy industry basically rebuilt itself during this period, purchasing the stock of capital goods that carried the U.S. economy and many of the other Western countries then, Mexico included, through the mid-1970s.

The contrast of the Apollo era optimism to the state of the world today is very noticeable. Today, the majority of the nations of the world are going to economically collapse. Undoubtedly, so far, every known popular social and economical system have failed. The Kennedy era was organized by a principle of mobilization of his nation’s resources and its national will to accomplish a great task. As a matter of fact, the Apollo Program became a long-term educational program for scientists, engineers, and management. To a no small degree, it re-educated workers and citizens (reaching them worldwide, even) to an expanded sense of self.

Respect to education, China, India, South Korea, and others are rapidly investing in education, research, science, and technology, because they recognize that their economic success depends on it.  They are doing innovation their prosperity. Mexico has no choice. Those countries are following what had been the United States’ track for some period of years.

As an example of the former, Microsoft’s tycoon Bill Gates has testified before the U.S. Senate stating that: "America cannot maintain its innovation leadership if it does not educate world-class innovators and train its workforce, and other policies necessary to ensure America’s continued competitiveness in the global economy". Gates makes very clear that, "America’s greatest educational shortcoming today is what for much of our history was its great pride: our public schools".12
APPENDIX VI

Why We Shall Explore and Colonize Space

We are to consider that purpose as expressed in mythology is the opposite of rationally-derived purposes. Mythology reflects what people feel, not what they know consciously.  Thus, Space Age mythology, including this Second Space Age, shows us why we could like to explore space, but not why the majority should be willing to pay for it.  It shows our dreams, but not what science reveals as the concrete advantages. Of course, people who enjoy the mythology do not need hard-headed justification; though even they are often unwilling to vote on the basis of their feelings. While those who do not enjoy it are ready to judge the whole issue of human species exploring and settling other planets on the basis of "admittedly-impractical" mythic metaphors.

It is primarily believed that the only one purpose of space exploration is to seek scientific knowledge. In our Western Countries, at least, not only is its funding sought on this basis, but in almost all catalogued of subject matter, "Space" is listed under "Science" as if that were its only one significance. It is a stereotyped issue, comparable to listing the voyages of Alexander von Humboldt under just "Science" because of the data he collected about geology, geography, mining, flora and fauna, and people cultures.

Sure, scientific advance will help to alleviate many of humankind’s problems in the future. It is doing so today, as a matter of fact. Yet, for maintaining our presence in space, 

there are more strong arguments. First of all, if we understand Space as a whole, we are to recognize that the scientific knowledge to be gained from a space program is a by-product.

As experience teaches, the dreams of pioneers are often realized much rapidly than their contemporary could have imagined. Our present age abounds in facts of this kind. This was the case for the submarine, x-rays, the aircraft, radar, antibiotics, the rocket, thermonuclear power plants, supersonic and hypersonic flight, the transistor, television, computers, laser, reaching the Moon, microship, organ transplants, high-speed train, cell phones, robotics, nanotechnology, human genome, cloning, and so on.

In the case of making travels to the Moon, science "fiction" anticipation had depicted that would soon become a "fact" in Jules Verne’s From the Earth to the Moon, and H. G. Wells’ The First Men in the Moon. In the 1960s, humans moved quickly from the rudimentary V-2 German rocket to a trip to the Moon, and, by use of robotics, to the confines of the Solar System. But, today we still use the same techniques, which we still use due to zero-growth economic policies, and those accomplishments of the past cannot even be repeated.

But, despite of all the benefits demonstrated by the exploration of Space, so far, the reader would probably be thinking that space travel and colonization of space are not going to be a big help with the problems, as indeed, the form of it shown in today’s mythology would not. The problem is, if the readers may still be thinking that the other problems should be solved first. But, one big reason why they should not is because of the relative short time humankind has the capability to truly get into developing space settlements.  As we, human species as a whole, have a relative short time during which we have the capability to get into space, then, we not only have to worry about immediate perils. The ultimate, the so far scientifically, unavoidable danger for our planet, the transformation of our star, the Sun, is distant; but if we do not expand into space now, we can never do it. If we stagnate, we will fall down, and then it will be too late for humankind to escape to reach Neptune’s orbit, at least—much less to explore for the sake of exploring.

When President Kennedy delivered a speech related to going to the Moon and exploring Space, he always referred to as a solution to the problems of our human society on Earth. Once at Rice University, he explained that, "… I do not say that we should or will go unprotected against the hostile use of land or sea, but I do say that space can be explored and mastered without feeding the fires of war, without repeating the mistakes that man has made in extending his writ around this globe of ours."1
Most of the people around the world do not realize that going to Space is assuring our survival as a species. Just during the last two decades, one of the reasons rising up for believing our survival depends on space travel is that our species will need to move elsewhere in order to survive the ultimate catastrophic change of our Sun. As astrophysics science dictates to us, someday (of course, in a still-far future) our Sun will turn into a nova. It will explode and it will eventually become a red giant. The range of the blast will reach the orbit of Mars—Earth will cease to exist. A safety place for humans to stay then would be from Neptune to beyond the Solar System. Of course, it surely is a fact to be remote, billions of years in the future, and none is to be blamed for not giving it any important thought at present. We should not think is our main reason, yet.

Moreover, we are to seriously consider a not so remote potential peril—there is the small but all-to-real possibility that Earth may be struck by an asteroid. In fact, as astronomical observations have become more highly accurate during the last decades, asteroids have been seen passing near Earth, much closer than an ordinary citizen can even imagine. Yet, humankind does not have any efficient defense against those asteroids. We already owe to have an implemented defense system in space, to deflect them. At least, we must count with a grounded-rocket defense system. The most dangerous asteroids are those coming from the Sun’s side; it is because they cannot be seen, except when they are almost above our heads. This is the reason why some people, in order to watch those asteroids, have been asking to put satellites near the Sun, looking into the Earth’s direction. Is it not weird we have nuclear warheads and rockets to destroy part of our population, part of our own planet, and we cannot count with a defense system to protect us against dangerous asteroids? As once scientist and science-fiction writer Arthur C. Clarke once brought this subject in an interview referring to science-fiction writer Larry Niven’s statement: "The dinosaurs became extinct because they didn’t have a space program. And, if we become extinct because we don’t have a space program, it’ll serve us right!"2
On the other hand, we may face a more immediate cause for concern. Some people think we are to build settlements on the Moon and Mars in case the worst happens and we blow up our own planet, or make it uninhabitable by means of nuclear/biological warfare (and some potential troublemakers like terrorists). We would like to believe this would never happen, yet many people are seriously afraid that it will.  One thing is for sure. We are to develop our species, to growth and to expand or at long-range it will perish. If we do not develop ourselves, we will sooner or later become a more endangered species than other species on Earth. It is such as Apollo 16 Astronaut Captain John W. Young has correctly pointed out that: "Our enemy is ignorance, pure and simple... Knowing what we know now, we are being irresponsible in our failure to make the scientific and technical progress we will need for protecting our newly discovered severely threatened and probably endangered species—us. NASA is not about the ‘Adventure of Human Space Exploration’, we are in the deadly serious business of saving the species. All Human Exploration’s bottom line is about preserving our species over the long haul".3
APPENDIX VII

The Tennessee Valley Authority (TVA) – "Hitching the Economy to the Infinity"

In the United States, the great project that some analysts have compared to the economic impact of the U.S. space program has been the Tennessee Valley Authority (TVA). Founded in 1933 in the grief of the Great Depression, this authority transformed a large region, about seven states, where people had standards of living comparable to the so-called Third World countries. The introduction of electricity, transportation infrastructure, large-scale dam-building projects, libraries, and health care brought this part of the rural South into progress. As pointed out by the authors of The Moon: Resources, Future, Development, and Colonization: "The Tennessee Valley Authority was to constituted to conserve assets for public benefit and to provide electric power in a region that crossed seven states and numerous local jurisdictions. TVA was authorized by the U.S. Congress in 1933 (16 U.S.C. 831 et se) with a Board of Governors appointed by the U.S. President and the country’s Senate."1,2
The TVA operated for 17 years as a non-profit corporation dedicated to conservation issues while planning to produce electricity for Southeast U.S.A. It had almost no success until Congress enabled the president of the United States to appoint three people to its board of directors in 1947. That year the company raised $50 million U.S. dollars by issuing 20-year bonds at 3% per annum interest. These bonds were not guaranteed by any government. Technically, they were junk bonds. However, they were timely repaid and larger re-financing followed for the TVA.

The Tennessee Valley Authority is a very relevant symbol, and still a vital entity, of the U.S. industrial economy President Franklin D. Roosevelt built. No quite often, the TVA is not seen as one of the best examples of the activity of the state/private-enterprise formula.  Sometimes it is wrongly labeled as "undeniably socialism, but socialism as its functional best".3  Yet, it is one of the best examples in history about cooperation between the State and the Private Sector. Similar as John F. Kennedy’s Apollo Program.

Nuclear engineers of the Oak Ridge National Laboratory in Tennessee designed entire new cities for the developing countries in the 1960s, based in the nuclear-centered agroindustrial complex, joined around a group of high-temperature reactors. The causes of poverty were wiped then by providing the infrastructure that put that region into a path of economic growth.

The U.S. rural South of the 1960s is a very good example for Mexico to be considered very seriously. Today, Mexico has not only rural sites to be rebuilt, but new ones to be done, and deserts to be developed. What a great impact on poverty the establishment of science and engineering centers could be. The State of Quintana Roo owns a lot of lazy land. A research and development Station-Simulator as the MLH should wake up more interest in developing the State. Counting with launch sites (then turning into spaceports, space authorities) the States of Quintana Roo and Jalisco might generate a very similar situation for their Indian population as generated by the TVA in the State of Tennessee, for instance4,5,6 Through some other different space-related, science-driven projects, other rural sites such as those in Sinaloa, Veracruz, Tabasco, the deserts of Sonora and Chihuahua might actually be developed during the next 50 years to come.

The Mexican Space Agency should be a generator of scientific-driven minds for Mexico itself.  In the area of nuclear power research, AEXA would promote the use of the already existent national laboratories7,8,9,10, those working with the National Polytechnic Institute (IPN), the National Autonomous University of Mexico (UNAM), like the National Nuclear Research Institute (ININ), and observatories such as the one in Tonanzintla (Puebla); in Mexico City; Morelia; the Institute of Astronomy-UNAM in Ensenada, and the National Astronomic Observatory in San Pedro Martir (both in Baja California Norte); as well new observatories working today or those coming to be installed. AEXA would even provide for the creation of new laboratories, whose laboratories, in collaboration with universities and other research institutions, should lead inquiries into the most relevant issues of science, as those as the life sciences, astronomy, macrophysics and microphysics. The Secretariat of Energy (SENER) & the National Council of Science and Technology (CONACYT) would be supporting AEXA for accomplishing these tasks.
Respecting nuclear power for peaceful purposes in Ibero-America, the prevalent opinion among Argentinean, Brazilian, and Mexican scientists, is that in the early years of the 1950s, as intrinsically it is, nuclear energy represented one of the major solutions for the progress of the Ibero-American nations. As Marcelo Alonso put it at his (1985) chapter "The Impact in Latin America", in Atoms for Peace: An Analysis after Thirty Years11, he describes the situation as it was happening then. The Atoms for Peace concept was developed by President Dwight D. Eisenhower in 1953; it was alike the Apollo Program represented in the 1960s.

In August 23, 2006, Argentine officially retook The Atoms for Peace concept. Argentine announced a national program to "reactive and restore" its nuclear industry. Among some of the restoration package’s issues is completition of the Atucha II nuclear plant, whose construction was stopped in 1994 and is 80% complete. Argentine’s nuclear program begun in the mid-1940s, when the government established several scientific institutes, recruited national and foreign scientists from Germany and other nations, to train personal, to build necessary infrastructure, and set up university programs. It was how in 1953, after President Eisenhower put into motion his Atoms for Peace program, Argentine and the United States signed on the first agreement for cooperation in the peaceful application of nuclear energy, including a commitment to exchange information on design, construction, and maintenance of research reactors.

By the way, the Tennessee Valley Authority (TVA) had to come to a decision in 2002: that it was more economical to spend $1.8 billion to refurbish its 1200-megawatt Browns Ferry Nuclear Plant in Alabama, the Unit 1 nuclear plant (which had been shut down since March 1982), than build a gas-fired unit.12  In the United States, the anti-nuclear nonproliferation movement had long been very successful to stop this great technology.

There has never been any nuclear accident in our Western Civilization; the Chernobyl’s accident is another kind of event. France nuclear plants infrastructure is a very good example of it. The Mexican nuclear plant, Laguna Verde, is another good example too. General Electric (GE) reactors are very secure. A nuclear plant is the best public infrastructure that is well protected against terrorist attacks. Besides, spent nuclear fuel can actually be processed, and it can be practically used to eliminate "the nuclear waste" problem. All of this can be possible. It is suggested for the concerned reader to search for scientific reliable information respecting this matter; this subject is out of scope at this Proposal.

The use of Mexican-self satellites in remote sensing and sensing would provide a scientific evaluation of, and increased in, the quantification of resources about oil, water, etc., as well as early identification of disease, and data on the optimal timing of planting and harvesting. Efficient discrimination of water reservoirs is needed. Reservoirs can become polluted with bacteria and algae, they deteriorate both biologically and chemically, and in order to protect crops, we must be able to discriminate clean water from polluted reservoirs.

Thus, such satellites could locate new reserves of raw materials and inventory the natural resources of the nation. More accurate fishing and mining areas could be detected for a better use. Small Earth observation systems with portable ground stations could provide local regions with direct downlink data, without having to wait for the information to be sent from a foreign satellite or to be processed by central facilities. This direct access to national-owned data could be important in monitoring tropical storms, volcanic activity, earthquakes, forest fires, and other potential disasters.

Therefore, in this way, there is no money from the federal budget being "spent in space". It is all spent here on Earth. We do know that the techniques developed to explore space, such as new energy sources (which are cleaner and cheaper), industrial processing medical technology, and so on have the potential to revolutionize world standards of living.

Mexico is a prime candidate for high-tech spaceports. It is closer to the equator than the U.S., Canada, Western Europe, Russia, and most of the developed nations. Mexico’s position is very favorable for pushing a rocket into orbit. The market for space port activity is currently static but it will expand quickly when space development ensues.

Mexican scientific-technological space-related facilities would increase the economic capability of the nation to be near the top most advanced countries in the world, and promptly to begin to be a space faring nation. Mexico should be counting with Launch Ranges:

             ( The Eastern Launch Range in the Yucatan Peninsula (Quintana Roo) for 

                equatorial orbit launches
             ( The Western Launch Range in the State of Jalisco, for polar orbit launches

Already existent rockets or those upcoming ones might to orbit mini-satellites. When Cape Canaveral was designed and growing up during its early years by the late 1950s, some factors were taken into account then. Three factors determined the choice of sites for the launch complexes: a) explosive hazards, b) the dangers of overflight, and c) lines of sight.  It was done this way for new programs, which were assumed to have a rate of failure on the pad or shortly after launch.13  Today, even when we are going to use already proven technology, we are going to take secure steps to assure safety for the audience and for the people in general.

Next step should be the creation of a Mexican Spaceport Authority, a so-called now "spaceport", to operate as almost any international airport operates today, whose management would be:

              (  Operations

                  After a time of operating launches to orbit mini-satellites and satellites, these facilities should be converted into something bigger, as those called now "spaceports", to operate almost as any international airport operates today. Basically, a spaceport can be operated by 40 persons, in an extension lesser than an international airport.  It is due to rockets able to be launched and landing inside an area of 10m2. An example: Burt Rutan’s SpaceShipTwo14 and his subsequent aerospace planes, so the now cancelled programs, Delta Clipper and Roton, and current ongoing program Rocketplane-Kistler K-115, can do this kind of manoeuvre—flights from Mexico to Japan would be done in about 3 hours.

              (  Management

                  It should be created:

                  a) An Office of the Spaceport in the Secretariat of Communications and Transportation (SCT) able to attract funds for domestic and foreign transport for commerce through space.

                  b) An Office for Assistance of Space Commercial Launches in the State’s Secretariat of Commerce promoting launch site in Quintana Roo and Jalisco, a site for space commercial launches related to businesses, research and assessment through permissions and activities to companies. The Mexican Spaceport should be managed as an airport is managed in many ways, which may include the governments’ agency Airports & Auxiliary Services (ASA). Space will be then open for trade companies and, to the Government as well, such as in its early years, in the 1930s, commercial aviation opened its doors to the private enterprise.

Also, such launch ranges would be extended in order to receive and operate future hypersonic transport aircraft, such as the Exo-Clipper16 and others, just in case they could not be operated in any regular airport.

Up to this point, the reader must take into account that the commonly used term "public expenditure", in practice, is not precisely an "expenditure", so to speak, that is investing.

APPENDIX VIII

Our Road to the Stars

In our road to the stars, we are to take very seriously into account various fundamental aspects for improving the scientific and technological advancement in our human society. We just are to review here some of them.

One of those is that we are to compel free and independent research of scientific inquiry to discover the unknown.  To earnestly searching for truthful and reliable principles in the Physics of our Universe.  To enable us to make the kind of breakthroughs we need to get done in our road to the stars. This just has to happen, because otherwise, the rate at which we are acquiring real substantial scientific and technological progress and real knowledge is slowed down.

Respecting this very important aspect of compelling scientific freedom, Mark Jannot, editor for the Popular Science magazine, more than accurate at his note "From the Editor", dated January 2007, he plainly stated that, "My New Year’s ‘Resolution’ is to get into more arguments… Debates about principles… I can tell you already where this conversation begins: with unswerving support for scientific freedom".1 Mr. Jannot explains that Popular Science will always advocate for scientists to engage in open inquiry without of threat of sanction or censure. He also says that, "Science, both basic and applied is, I believe the primary engine for improvement in this world".  Then, he continues on something very important, "But to be its practitioner’s efforts cannot be squelched before they begin, and their findings cannot be suppressed, no matter how socially or politically inconvenient they might be… You may or may not agree with all that—I certainly don’t hold these truths to be self-evident…".  And he continues his note talking about that debate.  What is very important here is that we are to have scientific freedom in our inquiry to discover the unknown, and that the universal physical principles are not self-evident to us.

Another aspect to take care of, it is to build and maintain a high cultural and educational environment able to influence to the people at large. In I.Q. test scores: most people scores in the middle, with a few (Forrest Gumps or Angus MacGyvers) dangling out at the ends, but no doubt—the middle I.Q. average gets upgrated in a high cultural and educational environment. But, we are to be aware that in the United States during the second half of the 1960s themselves there was no understanding among President Lyndon B. Johnson’s economic advisers that the most important event of impact on poverty in the rural South was arised by the space program. The establishment of science and engineering centers by NASA in Huntsville, Houston, Cape Canaveral, Bay St. Louis, and others, transformed these rural communities into regions of attraction for high-technology industry. And of course, tourist attraction highly increased around the space industry: the U.S. Space & Rocket Museum in Alabama, as well in Cape Canaveral, including Disney World in Orlando, and other sites. In 1999, in spite of NASA’s delay in space development, its John F. Kennedy Space Center brought $966 million to the economy of Florida.

High-technology industry made that people who had picked cotton in Alabama could fill application forms in semiskilled positions in the Marshall Space Flight Center, and so on. Later, their children could attend upgrated public schools and brand new colleges to become the scientists and engineers of tomorrow. Today, Huntsville, Alabama possess the highest I.Q. in the U.S. younger population and the world; which means, a high cultural and educational environment is influential to the masses.2 But, during the second half of the 1960s and the early 1970s, even those whose intention was the economic uplifting of the nation’s poor through the War of Poverty, did not understand that economic opportunity for the poor could be achieved only with overall growth in the economy.

In 1962, the editors of Fortune magazine published a book in which they discussed the enormous opportunities for our species created by then emerging aerospace industry. The writers of this book, The Space Industry: America’s Newest Giant, more than accurate expressed an optimism which was based on an approach of true-science, as called forth during the President Kennedy’s years by the Apollo Program. In a chapter of which was titled "Hitching the Economy to the Infinity", they bluntly pointed out the whole thing stating: "Man has hitched his wagon to the infinite, and he is unlikely ever to unhitch it again… a project to build Fort Kennedy on the Moon, bigger and better voyages to Mars and Venus… to Jupiter, Saturn, Pluto and so on ad infinitum… The space venture, in short, is likely to be more durably stupendous than even its most passionate advocates think it will be…"3 All of it was the government/private society formula in action!

The Apollo program was money invested, in increasing the productive skills of the human mind, and an improved way of life for everyone of us. In terms of benefits, the Apollo Program deployed a scientific-technological revolution, such that for every US$1 dollar was spent on the Kennedy space program, the United States got at least US$10 back.4,5  Scientific discoveries and technological progress were generated within the space program, which then spilled over into other parts of the economy, to increase the quality of life and the productivity of the people. Undoubtedly, appropriated funding for the space program of President George W. Bush is going to produce the same results. Although his space program needs a higher cost, and is below 1% of the federal budget, current estimates based on studies from the benefits from the Apollo Program are US$25 billion per year. This is estimated for later development of the Bush’s space program, which will return to the U.S. economy US$200 billion per year in benefits.  The General Accounting Office (GAO) gave these estimates—No other U.S. federal program gives these results!
In order to improve its capabilities, to increase its quality of life and the productivity of the Mexican people, under its present level, Mexico is to do the same mere thing.

According registered history, Christopher Columbus convinced Queen Isabella to hold the endeavour to explore and to colonize new lands in a Western land. Settlers could move into new lands with their personal resources alone, as U.S. new visionaries did when they loaded their belonings into wagons and went on to the Wild West. Both explorers and settlers laughed at by people who did not share their views; it did not matter at all. They went anyway. It was not necessary for their culture as a whole to decide that it was not a waste of money (and look today what those explorers and settlers accomplished!). Regarding the Project Apollo, Neil A. Armstrong, first man on the Moon has said that, "In my view, the important achievement of Apollo was a demonstration that humanity is not forever chained to this planet, and our visions go rather further than that, and our opportunities are unlimited."6
Some others say the space program had to be replaced by "more realistic" down-to-Earth fears of environmental damage, "limits to growth",7 "overpopulation", and so on, in complete direct opposition to the limitlessness of space exploration and development in space. Our human society as large needs to understand that cultural pessimism, at long-term is going to put us down—statements such as the follow one is an example of it: "… When we cast upon our own resources in this way we feel, we intuit, a kind of cosmic loneliness that we could not have foreseen. We become orphans. We no longer see ourselves as children of a cosmic order or the beneficiaries of the historical process. Limits to growth denies that".8 Therefore, books like The Population Bomb9 take a fundamental pessimistic view of Mankind’s ability to solve its problems. In this way, as a cognitive species, there is no any brilliant future for us. As pro-space activist, a space music singer-composer and SEM Board of Advisors member Elaine A. Walker has said: "To continue to evolve and thrive as a species we must push outward into space to create new challenges for ourselves, technologically, socially, and spiritually."10
Rejection to the establishments in science and technology applications may say "it leads to overpopulation", but it certainly is scientifically proven that under these said establishments population can grow without having a problem at all. The mirage of "overpopulation" precisely appears only because of that rejection. It is well proven throughout history that human successive revolutions in scientific discovery and technological applications in the economy lead into an improved standard of living for people, and there is no need to reduce population density.  Therefore, not one of these statements is precisely true, yet together they have been helping to shape our nations’s social and economic policies.

A progressive species like ours has to move forward. That inherent potential must find what to profitably do. Historically, when it was not going into, natural mere survival or into the exploration and settlement of new lands, which is the main reason for such a drive, then it has gone into war. This is the price we pay for our natural innate progresiveness. In human history, ancient history, we have the example of how fragile civilizations are. It is mainly typified by the legendary Atlantis, whether it was in the middle of the Atlantic Ocean or the island of Thera in the Mediterranean Sea, as explained in Plato’s dialogues10, and evident traces of their settlements in Western Europe, North Africa and North America.

Overall, the human species as a whole advances; if it did not we would still living in something like the Middle Ages or when the Aztec Empire was ruling Mexico. And like it or not, want it or not, this drive is inseparable from the drive toward growth and expansion. In Nature, many successful species colonize new ecological niches; this is one of the fundamental features of Life. When a species cannot find a new niche, and the resources of the old one are no longer sufficient, it dies out. If the resources remain sufficient, it lives, but is unchanging from generation to generation. There are no cases in biology of progressive development unaccompanied by expansion. And, as technology is here to stay, to talk of getting rid of technology is foolish. Our problem is not that "we have too much technology" but that we have too little. Just look at those places like Haiti, Somalia, Ecuador, Peru, and so on, to find out what little we have.

Certainly, contrary of some current beliefs, of myths from the streets, the Apollo Program was primarily the science and exploration program that it meant to be. Indeed, it was also a demonstration of technical superiority and national will intended to get into the hearts and minds around the world and beat the Soviet Union. So then, Kennedy may have used the motivation to beat the Russians, yet a full future plan to continue space exploration and the colonization of space existed, as historically outlined then by Wernher von Braun, Krafft A. Ehricke11,12, John Bruce Medaris, and many others.

Therefore, it was about leadership and the vision to invest in the best of the United States. As a result, this nation created the most powerful government & private partnership promoting an entrepreneurial culture in the history of our planet by investing in long-term, high-risk ideas. A partnership of businesses, universities and government that worked together to establish the greatest advancements in science, health, technology, and prosperity in U.S. history. All of these factors made the United States the breeding ground for the innovations and inventions that increased not only the U.S. itself prosperity, but many other nation’s—enhancing our lives.

Whenever we deeply review on the activation to land a man on the Moon, we always find out that it was an optimism which drove the economic activity, not vice versa. An optimism accompanied by both the right scientific method and the right method of organization. Of course, errors were made, but things worked, and those principles were correct.
Let’s do the good work! As Captain John W. Young commented after landing the first Shuttle mission, the first flight of Columbia, he said: "The dream is alive!"13
Krafft A. Ehricke, who earnestly worked for the Apollo Program, through the 1960s until his death in 1984 he was able to concretely speak of a society of the abundance without any populism or demagogy.  He, more than accurately, pointed out that the specific road, the only one, that will allow Humanity to access practically endless resources is the Road to the Stars.
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