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Introduction

• Why space flight?

• The Space Act and Technology Development.

• Human exploration of space (in the past).

• Transitions.

• New Space Launch System.

• Robotic Mars Exploration.

• Pluto and New Horizons.

• Concluding remarks.





Why Space Flight?
The National Aeronautics and Space Act (1958)

• (1) The expansion of human knowledge of the Earth and of phenomena 
in the atmosphere and space;

• (2) The improvement of the usefulness, performance, speed, safety, and 
efficiency of aeronautical and space vehicles;

• (3) The development and operation of vehicles capable of carrying 
instruments, equipment, supplies, and living organisms through space;

• (4) The establishment of long-range studies of the potential benefits to 
be gained from, the opportunities for, and the problems involved in the 
utilization of aeronautical and space activities for peaceful and scientific 
purposes;

• (5) The preservation of the role of the United States as a leader in 
aeronautical and space science and technology and in the application 
thereof to the conduct of peaceful activities within and outside the 
atmosphere;



Why Space Flight?
The National Aeronautics and Space Act (1958)

• (6) The making available to agencies directly concerned with national 
defense of discoveries that have military value or significance, and the 
furnishing by such agencies, to the civilian agency established to direct 
and control nonmilitary aeronautical and space activities, of information 
as to discoveries which have value or significance to that agency;

• (7) Cooperation by the United States with other nations and groups of 
nations in work done pursuant to this Act and in the peaceful application 
of the results thereof;

• (8) The most effective utilization of the scientific and engineering 
resources of the United States, with close cooperation among all 
interested agencies of the United States in order to avoid unnecessary 
duplication of effort, facilities, and equipment; and

• (9) The preservation of the United States preeminent position in 
aeronautics and space through research and technology development 
related to associated manufacturing processes.











































Nuclear Thermal Rocket 
For Piloted Mars- Asteroid Missions



Nuclear Electric Propulsion 
for Piloted Mars - Asteroid Missions















Hayabusa Visiting Asteroid Itokawa



Hayabusa Visiting Asteroid Itokawa



Hayabusa Visiting Asteroid Itokawa



Component Fraction 
of metal 
by  mass

Mass Estimated 
value 
($/kg)

Estimated 
dollar value   
($ trillions)

Iron 0.89 2.7x1013 0.1 3

Nickel 0.10 3.0x1012 3 9

Cobalt 0.005 1.5x1011 25 4

Platinum-
group 
metals

15 ppm 4.5x108 20,000 9

Total value 25

Economic Analysis of 2-km M-Class Metal Rich 
Asteroid



Mars Science Laboratory

































Edge Along Gale Crater Interior Mound, NASA / JPL / University of Arizona











Sky Crane Operations























Making Humans a 
Multiplanetary Species

Elon Musk, SpaceX

at the 

67th International Astronautical Congress (IAC) 

09-27-2016









“Our vision is millions of people living and 
working in space, and New Glenn is a very 

important step. It won’t be the last, of course.” 

Jeff Bezos, Blue Origin









New Horizons Team Finds Haze, 
Flowing Ice on Pluto

Press Conference, July 24, 2015
Flowing ice and a surprising extended haze are among the 

newest discoveries from NASA’s New Horizons mission, 
which reveal distant Pluto to be an icy world of wonders.































Pluto’s atmospheric pressure in micro bars (millionths of a bar; 1 bar = 14.5 psi).



Pluto’s atmospheric pressure in micro bars (millionths of a bar; 1 bar = 14.5 psi).  
New Horizons REX measured 10 microbars



























With advanced propulsion, 
one must always look to the past 

and look to the future.


