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The Milky Way: Inspiring Dreams 



  

Meriwether Lewis 

William Clark 

  

 

President Thomas Jefferson 

CORPS OF DISCOVERY 1804-06 
Departed Camp Dubois on May 14, 1804. In 28 
months, covered 8000 miles 



Wright 1903 Flyer (replica) 

http://www.wam.umd.edu/~stwright/WrBr/wrights/photos/Wilbur_and_Alphonse.jpeg
http://www.wam.umd.edu/~stwright/WrBr/wrights/photos/Wright_Takeoff_prep.jpeg


Robert Goddard 1882 - 1945 

"It was one of the quiet, colorful 
afternoons of sheer beauty which we 
have in October in New England, and 
as I looked toward the fields at the 
east, I imagined how wonderful it would 
be to make some device which had 
even the possibility of ascending to 
Mars, and how it would look on a small 
scale, if sent up from the meadow at 
my feet."  
   
"I was a different boy when I 
descended the tree from when I 
ascended, for existence at last seemed 
very purposive.“  1899 

 



Sputnik Launched by the Soviet Union:  

October, 1957 



Soviet Union--Yuri Gagarin:  
First Human to Orbit the Earth:  

April 12, 1961 



United States:  May 5, 1961  
Alan Shepherd launched Sub-orbital  

Mercury 7 



United States: John Glenn launched into orbit  
Feb 20, 1962 

Flies again on Space Shuttle at age 77 

http://en.wikipedia.org/wiki/File:John_Glenn_Mercury_(small).jpg
http://en.wikipedia.org/wiki/File:JohnGlenn.jpg


President Kennedy Commits the Nation 
Rice University, Houston, TX - 9/12/62 

 

 

 
– “…This generation 

does not intend to 
founder in the 
backwash of the 
coming age of 
space.  We mean to 
be a part of it – we 
mean to lead it.” 

 



President Kennedy Commits the Nation 
Rice University, Houston, TX - 9/12/62 

 
 

 

• …This country was 
conquered by those who 
moved forward –and so 
will space…We choose to 
go to the moon in this 
decade and do the other 
things, not because they 
are easy, but because they 
are hard…The growth of 
our science and education 
will be  enriched by new 
knowledge of our universe 
and environment…. 



July 20, 1969:  Neil Armstrong walked on the Moon 









Lunar Reconnaisance Orbiter (LRO) Viewed Apollo 12 
(1969) and Surveyor (1967) 40 years after 









First Flight  

April 12, 1981 

 

•135 flights  

•More than 2000 
Experiments 

•More than 200 
Universities 

•More than 200 K-
12 Classes 

•More than 3000 
Graduate 
Students 

•More than 500 
Companies 

Only Space Vehicle 
that Returned 
Cargo back to 
Earth 

 

•Only Reusable 
Space Flight 
Vehicle (100X) 

 

•Five Shuttles: 

•Columbia 

•Challenger 

•Discovery 

•Endeavor 

•Atlantis 

 

•Critical for human 
and robotic space 
Exploration 
Research 

 









Reentry (Artist Concept c.1968) 



Dr. James I. Mueller (Doc) 
University of Washington 

Mining, Metallurgical and Ceramic Engineering 



Rockwell International Space Division 
1976-78 



Thermal Protection Materials 



Shuttle Thermal Protection Tiles 

Note: all fibers waterproofed: e.g. hydrophobic silane 



R TV
adhesive

Filler  bar
Koropon-primed

structure

Strain isolation
pad (SIP)

Tile densif ied  layer 

React ion-cured
glass (RCG) coat ing

•LI-900 
•LI-2200 
•FRCI-12 

High Temperature Reusable Surface 
Insulation (HRSI) Tile System 



AFRSI (FIB) - Advanced Flexible 
Reusable Surface Insulation 

FRSI - Flexible Reusable 
Surface Insulation 

RCC - Re-inforced Carbon-Carbon 

Shuttle Thermal Protection System 

HRSI - High-temperature 
Reusable Surface Insulation 
LRSI - Low-temperature 
Reusable Surface Insulation 



Maximum Recorded OML Surface 
Temperatures - STS-1 through STS-5 



University Of Washington  
Chair, Mining, Metallurgical and Ceramic Engineering (Materials Science and Engineering) 

 

“I will introduce you to NASA Engineers……” 

Dr. James I Mueller (“Doc”) 



Astronaut Class 1980 



Five Space Shuttle Flights: 50 Days 
Columbia (x2), Challenger, Atlantis, Endeavor 



STS-61A, D-1 10-30-1985 
 7 Days    Challenger 





STS-32 January 1990 
Columbia 11 days 





STS-50 USML-1 
(United States Microgravity Lab)  

June 1992 13 Days 



STS-50 1992 



Back-up To First Shuttle-MIR Crew, 
1995 

Anatoly Solovyev 
Bonnie J. Dunbar 
Nicolai Budarin 

Training in Russia 



Valentina Tereshkova (USSR) 
Roberta Bondar (Canada) 
Mary Cleave (USA) 

Svetlana Saviskaya (USSR) 
Bonnie J. Dunbar (USA) 
Helen Sharman (UK) 

Meeting international pioneers in Russia 



Winter Survival in Siberia 



STS-71 First Shuttle-MIR Docking 
Mission  June 1995 



Medical Experiments in 
the Spacelab 

Singing in the MIR 









 

STS-89   
January 22, 1998 

Terrence W. Wilcutt, Commander 

Joe F. Edwards, Jr., Pilot 

Bonnie J. Dunbar, Payload Commander,MS 

Michael P. Anderson, Mission Specialist  

James F. Reilly, II, Mission Specialist  

Salizhan S. Sharipov, Mission Specialist  

Andrew S. W. Thomas, Mission Specialist 











 



















 



 





USA 
Russia 
Japanese Space Agency 
Canadian Space Agency 
European Space Agency (except UK) 
Brazil 

 























































International Space Station (ISS) … 



http://www.spaceflight.nasa.gov  













THE INTERATIONAL SPACE STATION: 

OVER TEN YEARS OF CONTINUOUS HUMAN OCCUPATON 







Discovery Rolls to Pad for Last flight:  
February, 2011 



Spaceflight and “micro” gravity –  
How Do Things Work or Don’t Work? 

In microgravity, there is no….. 

A candle burns on 
Earth (top) & in 
microgravity (bottom).  

Convection 

Fluid flows through a 
pipe in Earth’s gravity 
(top) and in 
microgravity (bottom).  

Buoyancy 

On Earth, particulates settle 
out of a liquid (top), but in 
space, particulates are 
suspended evenly (bottom).  

Sedimentation 



Combustion in Micro-g 



Bioastronautics Elements 
All elements of Bioastronautics rely upon development and 
integration of enabling technologies. (http://www.nsbri.org) 

Human Adaptation 
and 

Countermeasures 

Habitation and 
Environmental 

Monitoring 

Space Medicine 
and Health Care 

Systems 



Bone and Muscle 
Systems 
(Musculoskeletal) 

Immune System 
(Endocrine) 

Cardiovascular System 

Astronauts experience a spectrum 
of adaptations during space flight 

and even post flight  

Behavioral Changes 
Balance disorders 

Cardiovascular deconditioning 
Decreased immune function 

Muscle atrophy 
Bone loss 

Neurovestibular System 
 (Neurosensory, Neuromotor) 

Summary of Known Space Flight Medical Risks To 
the Human System and Subsystems 

Behavioral 
 

Additional influences include the 
unique Radiation environment and 
Nutritional/Food Limitations 





 0 
 
 
 
10 
 
 
 
60 

 1G 

 0 
 
 
 
10 
 
 
 
60 

TIME 
(min) (Hrs) 

Micro-G 
Microgravity Cell Culture 



Cellular Biotechnology 



What’s Next? 



 
Sustainable Planetary 

Surfaces 

Go anywhere, anytime 

Accessible Planetary Surface 

Earth’s 
Neighborhood 

Exploration Vision 
Humans & Robots 

Earth 
and LEO 

Feb 2010 Store/Speech-1/Macintosh HD/Desktop Folder/PlasmaSail movie


Astromaterials collection, curation, 
and analysis 

Center of Excellence:  



Lunar Base 





Martian Base 



118 

Ares V: 
Heavy Lift 
Launch  
Vehicle 

Ares I: Crew 
Launch  
Vehicle 

Earth Departure 
Stage 

Orion: Crew  
Exploration Vehicle 

Lunar 
Surface 
Access 
Module 
(LSAM) 

Original 2010 Budget:  Constellation Program Components 

X 

X 
X ? 

? 
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Ares V: 
Heavy Lift 
Launch  
Vehicle 

Ares I: Crew 
Launch  
Vehicle 

Earth Departure 
Stage 

Orion: Crew  
Exploration Vehicle 

Lunar 
Surface 
Access 
Module 
(LSAM) 

Original 2010 Budget:  Constellation Program Components 

X 

X 
X 



Russian Soyuz: Only method of reaching 
ISS after 9/2010 

• Crew Transport Vehicle (3 crewmembers) 

• Launches from Kazakstan 

 

http://en.wikipedia.org/wiki/File:Soyuz_TMA-7_spacecraft2edit1.jpg
http://en.wikipedia.org/wiki/File:Space_Shuttle_vs_Soyuz_TM_-_to_scale_drawing.png


National Engineering Education Challenge 

Engineering Degrees 1945-2001 



The U.S. Engineering and Physical Sciences 
Workforce “Crises” 

(Not new News) 

 
• 1945 – 2012:  National Science Foundation “Indicators”:  
 

• 1989  Space Policy Institute Report on Origins of Scientists and 
  Engineers 
 

• 2001   Hart Rudman: Commission on National Security/21st  
  Century  
 

• 2002   Walker Aerospace Commission Report:  
 
 
 



2005: National Academy of Engineering 



NAE 2010 

Rising Above the Gathering Storm, Revisited:  
Rapidly Approaching Category 5 

 





      Undergraduate Engineering Degrees 







More than 60% of US Engineering Graduate (PhD) degrees 
are now awarded to Foreign Nationals  (FN) and they are 
returning “home” (50% of those from China) 



US workers behind Korea, UK, Germany, 19 others in 
Employed STEM graduates (between Spain and 

Iceland) 

Organization for Economic Co-operation and Development 

http://www.oecd.org/dataoecd/61/2/48631582.pdf


 

April, 2013: Brookings Report    
“STEM DEMAND” 



April, 2013: Brookings Report:  
“STEM SUPPLY” 

 



 

April, 2013: Brookings Report 



UH STEM Center: 
College of Engineering STEM Outreach 

GK-12 
GRADE  Camp 
STEP Forward Camp 
PROMES Outreach 
RET (Teachers) 
REU (Undergraduates) 
ISIP (Industrial Interns) 
Science and 
Engineering Fair, 
Houston 
National Engineers 
Week 



From The Pyramids to Mars Exploration 
A great nation’s health and prosperity depends upon its technological 
innovation, solutions to the problems of supporting life, and inspiration 
of its youth. It will depend upon the production and development of its 
scientists, mathematicians, engineers, chemists, and physicists…….. 



Inspiring  and Teaching the Next Generation 

 

Math, Chemistry and Physics are the languages of the Natural World -- 

http://www.museumofflight.org/files/imagecache/lightbox/EdGuide_PicsComposite_Size4SiteB.jpg










Revisiting Viking 1 and II: Not IF-- 

First Robotic Lander on Mars 

United States of America, 1976 



-but When and Who?  
    Russia still looks to Mars as their long term goal. 

 China launched its first Taikonaut Oct 15, 2003, launched 2 in 2005, 
launched again in 2008, 2012, and plans a space station and mission to the 
moon 
 India is interested in a “Human Space Flight” program 

 Europe Publishes “Aurora” plan for Moon and Mars exploration, 
 2002 

Japan discusses independent efforts with Hope Shuttle and 
Lunar Landings 

First Robotic Lander on Mars 

United States of America, 1976 



It is difficult to say what is impossible. For the dreams of yesterday 
become the hopes of today, and the realities of tomorrow.  

      Dr. Robert Goddard 


