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The World to Come 

Conquest of Space 

Space Age 

• Permanent human presence 
– Open ended development 

– Very demanding on technology 

– Global endeavor 

Space of Intelligent Automata 

• No human presence 
– Finite ended development 

– No demands on technology 

– Competition of scattered 
subjects 
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Entering Space Age 
This is not the Space Age. It is not even the beginning of the Space Age. But it is, perhaps, 

the beginning of the beginning of Space Age. 

https://www.nanosats.eu/ 
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Signs of the beginning of the beginning of Space Age 

https://www.nanosats.eu/  

https://www.nanosats.eu/
https://www.nanosats.eu/


 JADRANSKA AERO-SVEMIRSKA ASOCIJACIJA    

„Henry Ford” of Space Age is required 

Central problem 

Cheap, safe and without stress transport of 
humans to LEO. 

 

 

• It is likely than in the 2030 time-frame, both low production cost and 
reusability on launchers would be a reality. However, neither low-cost 
production and operation or reusability on their own can significantly reduce 
the cost of launch (i.e. by orders of magnitude). (Global Trends in Small Satellites , IDA-

STPI) 
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Alternatives to rocket launch 

Use atmosphere as lifting media 

Lift force of wings 

                                                        𝑭 = 𝒒
𝝆𝒗𝟐

𝟐
 

Density of atmosphere 

                             𝝆 = 𝟏. 𝟐 𝒆−𝟎.𝟎𝟎𝟎𝟏𝟒𝟏 𝒉  kg m-3 

 

 

h= 10 000 m   ;   v= 256 m/s    ;    F= 9600 kg m-2 

h= 40 000 m   ;   v= 5 Ma         ;    F= 6160 kg m-2 

h= 80 000 m   ;   v= 10 Ma       ;    F=     86 kg m-2 
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Possible solutions 

• No alternative to chemical propulsion 
– Perhaps electric jet engines 

 
• Synergy of jet engine and two component 

propulsion (Reaction Engines) 
• Airplane – spacecraft combination (Virgin Galactic) 
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Atmospheric reentry  

 

• As yet no satisfactory solution 

• Development of efficient space propulsion 
system for slowing down to controlled flight 
velocity. 
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Deep space travel 

Challenges 
Propulsion  

Ratio of payload to propellant large 

Energy 

Specific energy of source very large 

 

Human crew 

Self sustained bio systems 
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Propulsion systems 

for small satellites 
(Global Trends in Small Satellites 

, IDA-STPI) 
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Energy balance for deep space travel with EM 

propulsion 

Ionization power 

𝒑𝒐𝒘𝒆𝒓 𝑴𝑾 = 𝟗𝟔
𝒆𝑽 𝒅𝒊𝒔𝒔  𝒎(

𝒇𝒖𝒆𝒍
𝒔𝒆𝒄

)

𝒎(𝒔𝒑𝒆𝒄𝒊𝒆𝒔 𝒊𝒏 𝑨𝑼)
 

Energy for propulsion 
For 1kg Xe ions in second  8.8 MW is necessary 
Exhaust velocity 20 km/sec requires 200 MW power 
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Cylindrical flow of high density plasma 

Plasma is in a cylinder of radius R, with velocity v and mass flow 
mt of singly charged spices with mass M in AU.  

 

Self repelling electric field in the flow is 

𝑬 = 𝟏. 𝟕 × 𝟏𝟎𝟏𝟖
𝒎𝒕𝒓

𝑴𝒗𝑹𝟐
 (

𝑽𝒐𝒍𝒕

𝒎
) 

which at r=R gives M acceleration 

𝒂 =
𝟏. 𝟔

𝑴
𝟏𝟎𝟐𝟔 (

𝒎

𝒔𝟐
) 
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Confinement of plasma by self B field 

• Magnetic field produced by plasma 

 

𝑩 = 𝟏𝟗. 𝟐
𝒎𝒕𝒓𝒗

𝑴𝑹𝟐
 (𝑻) 

 

It is by factor v2/c2 smaller than self repelling 
force by electric field. 
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Confinement with a ring current 

B 
B, J 

V 
r 

𝝆 = 𝟏. 𝟖 × 𝟏𝟎𝟏𝟎
𝒎𝒕

𝑹𝒗𝑩𝟐
 

𝑽 = 𝟏. 𝟕𝟐 × 𝟏𝟎𝟏𝟖 
𝒎𝒕

𝑹𝒗𝑴𝑩
 

R 
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EM drive 

• Propulsion could be source of EM radiation 
(microwaves, masers, light sources). 

• Propulsion force is 

𝐹 =
𝑃(𝑜𝑦𝑡𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟)

𝑐
 (

𝑁

𝑚2
) 

 

Power of 1000 MW/m2 produces force of 3.3 
N/m2. 



 JADRANSKA AERO-SVEMIRSKA ASOCIJACIJA    

Sources of energy 
required high specific energy 

The table does not include infrastructure for harnessing energy   
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Fission 

Conversion of neutron energy into electricity 

• Thermoelectricity – efficiency 15-20% 

– It is not feasible because of large power required 
and heating of the media would be prohibited. 

• Photo electricity 

– Heating media to high temperature and 
converting radiative cooling emission into 
electricity. 

– At 1000 K appr. radiation power 57 kW/m2 
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Fission for Space 

• Technology well understood 

• Safety from radiation impact on biological 
matter is easier achieved in space 

• Infrastructure with new materials may 
considerably reduce its mass 

• Control of energy output is manageable  
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Fusion 

Most promising reaction 

    D+D              T+p  

                            He + n 

Li – scarce element 

T – “short lifetime” and radioactive 
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Fusion 

• Technology  

– Magnetic containment 
• Overcome Coulomb barrier (high temperature required), small 

cross section (high density required) 

– Muon assisted fusion 

– Laser induced fusion 

• Absorbing energy of products is great problem 

– 1 GW at r = 10m sphere has power flux 800 kW/m2 

– Larger scale of absorber smaller power flux but more 
difficult containment. 
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Solar energy 

• Circular Solar energy collector of radius r in Space 
produces approximate power 

𝑃 = .5 × 1.36 𝑟2𝜋 (𝑘𝑊) 

For r=1000 m the power output is P=4 300 000 MW 

 

• No adequate energy storage system for such power 
output and use in systems with large intake of power. 
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Is this a vision of future space travel? 

Passengers 


