




Science is Seeing 

Space is Big 



A Scale Model 

Set the Earth 
to the size of 
a walnut, or a 
1:10,000,000 
scale model 

= 

• The Moon is a pea at arm’s length 
• The Sun is a 3 m ball 100 m away 
• Neptune is another pea 2 km away 
• The nearest star is 50,000 km away 



Early History 



Wan Hu (~1550)             Robert Goddard (1926) 



Miss Baker (1959)            Yuri Gagarin (1961) 



Leonov Space Walk 



Leonov Space Walk 



Apollo 13 



Apollo 13 



DID WE GO THERE, OR WAS IT A DREAM? 





Buzz Aldrin’s Payback 



Buzz Aldrin’s Payback 





The space age is a little 

over 55 years old. The 

activity has mostly been 

the work of 2 countries, 

often driven by military 

or geopolitical motives. 

About 560 people 

have been in orbit. 

A dozen have set 

foot on the Moon 

and it is 40+ years 

since we have been 

there. Space travel 

is very exciting and 

very dangerous. 

It’s important 
to realize the 
space program 
is still in its very 
early phases… 

The State of Space 



The space station was supposed 

to cost $8 billion back in 1984. 

It’s heading for $120 billion yet  

it has few users among industry 

and science clients, though it is 

the station for experimentation 

on technology for deep space. 

The Space Shuttle represents 40 year 

old technology. Two of five were lost, 

a catastrophic failure rate of 1 in 50. 

The military gave up on it and built 

their own launch capability and the 

telecom industry uses rockets from 

Europe and China. Progress on the 

successor has been slow and halting. 

A Cloudy Vision 



NASA Lives Here 



That sinking feeling… 







Meanwhile in China… 



Billionaire Dennis Tito paid 
$20 million to ride a Russian 
Soyuz spacecraft for a week’s 
vacation to the Space Station. 
Charles Simonyi went twice 
(and space-walked the second 
time) for a “cool” $35 million. 

Inspired by the $25,000 prize 
won by Lindbergh in 1927, the 
$10 million X-prize was won by 
Burt Rutan for a repeated sub-
orbital flight reaching 100 km. 
Google now has a Moon prize. 

Private Sector 



Billionaire entrepreneur Richard Branson 
(Virgin Group) partnered with Burt Rutan 
to form The Spaceship Company. There 
are 15 private space outfits worldwide. 

SpaceShipTwo just had a 
disaster but plans paying 
flights in ~2017. Tickets 
are $250,000. They have 
$40 million in deposits 
and 20,000 expressions 
of interest. Note: there 
are 1800 billionaires in 
the world, and growing. 



Rutan 

Branson 

Diamandis 

Musk 





Reaction Engines 
Skylon/Sabre 



Lunar X Prize 
Land a robot safely on the Moon, travel 500 meters, 
send back data and images for a prize of $30 million. 







Space is Hard 



Space is Hard 





Two brutal curves… 



SpaceX 
Falcon Heavy 



People will die… 

The fatality rate in civil aviation 
has declined by a factor of 100. 
Higher risk can be accepted in 
the pioneering phase, within a 
viable space business model. 



Space Hazards 



Space Hazards 



Worst Case Scenario 



Worst Case Scenario 



Simonyi spent ~$35m 

on two space junkets. 

 

R. Branson has spent 

$300m on space so far. 

 

E. Musk has also spent 

$400m on space so far. 

 

There are 1800 people 

worth $109 worldwide. 

 

Collectively, they are 

worth over $7 trillion. 



Trip in the 

next 40 years 

(or once in a 

lifetime): 

8% would 

pay 1 month 

salary. 

 

13% would 

pay 3 months 

salary. 

 

12% would 

pay 6 months 

salary. 

 

49% would 

pay a year’s 

salary. 

Mean salary: $80k 
 
30 million college grads 
 

If price 5x lower: 
Yield = $20 billion 

 
If price 2.5x lower: 
Yield = $110 billion 
 

Not in the market 
 

 
Not in the market 
 

Economic Model 
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$ 
Apollo 

Shuttle 

SPACE 

MOVIES 

Getaway 

Discovery 

MidEx 

Hubble 
Cassini 

Ben Hur 

Godfather 
Trainspotting 

Waterworld 

Titanic 

Potter 4 

Heaven’s Gate 

Kepler 

SMEX 

Avatar 

Fahrenheit 9/11 



Cubesats and other miniature 
technologies are dramatically  
lowering the bar for achieving 
Earth orbit. Solar sails put all 
the Solar System within reach. 

Room at the Bottom 



Cost per Person 

2010:  $2M 
 
 
2015: $250k 
 
 
2020: $40k 
 
 
2050: $20k 



PIONEER 
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PIONEER 
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MILITARY 

RESEARCH 

COMMERCIAL SPACE TRAVEL 





On the Horizon 





Stairway to heaven… 





…and mining asteroids. 

Economic progress on Earth has 
been fueled by access to cheap 
metals and minerals. Aluminum 
provides a historical example. 

There are over 100 near-Earth 
asteroids over 500m diameter. 
A single one could provide: 
 
Platinum group metals alone 
are worth about $2 trillion. 
 
Water for all conceivable space 
travel vs. $20,000/liter shipped 
from Earth. 



Beyond the Horizon 



“Never make predictions, especially about the future.” 
  Casey Stengel, Baseball Manager 
 
(ENIAC, from 1944, weighed 30 tons, dimmed Philly when  
it was running, and was a million times slower than a PC) 
 
“I think there is a world market for maybe 5 computers” 
  Thomas Watson, IBM Chairman, 1943 
 
“Computers in the future may weigh less than 1.5 tons” 
  Popular Mechanics Magazine, 1949 
 
“There’s no reason anyone would want a home computer” 
  Ken Olsen, CEO, Digital Equipment, 1977 



Current speeds are too slow... 

So the fastest spacecraft would 

take 10,000 years to reach the 

nearest stars since it can only 

travel at 0.2% of the speed of 

light. This is far too slow for a 

realistic interstellar transport. 

Fundamental physics imposes 

a limitation. As light speed is 

approached the energy from 

propulsion goes into increased 

mass, via E = mc2, rather than 

increased speed. Energy costs 

are formidable above 10% of c. 



                   …and fuels are not good enough... 

Chemical and even nuclear fuel is not the way to go, because 

too much fuel must be carried on board. So what’s the answer? 



They are very plausible 
ideas to work on, but 
warp drive and worm 
holes may have to wait. 

Ideas for the Future 
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How long to colonize? 
Assume 10,000 years 
per 20 parsec hop 

Total time to span the 
Galaxy: 

 
1500 hops x 10,000 years 

= 15,000,000 years 

http://antwrp.gsfc.nasa.gov/apod/image/0207/ngc4945_mgi_big.jpg


Reaching for the Stars 

Powerful 
Lasers: 
100 TW 

Small 
Spacecraft: 
1 gram 









 



 



 



 



 



 



 



 



 



 



 



 






