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Introduction: More Recent technologies allegedly promise fast speed space devices - probes - accelerated by a launch base until to some percent of the speed of light. [1].  
Malcolm Ritter: Stephen Hawking joins futuristic bid to explore outer space, phys.org, April 12 2016. Hard challenges - Potential and promising concepts? 
Streaming Swarm of Nano Space Probes (SNP) as mission, instruments and payload concept. It isn’t possible to complete the mission nowadays! 
Author’s earlier works described the Nano, Pico Space Devices and Robots (NPSDR) [2-4] and the fleet of Micro Sized Space-Motherships (MSSM) [5] which type or 
similar devices maybe can fulfill the requirements incidentally. 
 
History and antecedents of Nano Devices: 

 1950 NEUMANN, János. Self-reproducible robots with self-evolution Mathematics 
 1954 LEM Metal Insects by Stanislaw Lem: The Invincible Sci-Fi 
 1980 Advanced Automation for Space Missions, University of Santa Clara, USA: small self-copier robot conception to the Moon, using local Moon matter to build 

new robots. Science - 
 1998 Vint Cerf pinhead nanoships – (one of the original creators of the Internet,) envisions tiny nanoships that can explore not just the solar system but eventually 

the stars themselves  
 Idea and fantasy without technology till nineties, in 21st century available! 
 Resources  is  now  moving  from  a  conceptual stage  
 NIAC: NASA Institute for Advanced Concepts (1998 – 2007) 

2002 Mason Peck, Cornell University, USA, 
tiny “Sprites” – electromagnetic acceleration using for example Jupiter’s fields (billion electron volts) 

 Michio Kaku: Physics of the Future. 
 2007 - 2009 Pentagon’s DARPA researches for military applications, e.g. monitoring positions of the enemy in battlefields. USA Air Force 
 2009- My thesis , 2010 my first conference presentation  about the topic: The Minimal Plan, 2012 NPSDR at NASA Goddard IPM conference,  

2013 , 2014, 2015 LPSC, Fleet of Micro Sized Space-Motherships (MSSM) with Nano, Pico Space Devices and Robots (NPSDR) Fleet of MSSM 
 
 
 
 
 
 
 
 2017 H-SPACE, 2017 LPSC Streaming Swarms of Fleet of NPSDR&MSSM  

 
Variety of analytical methods: Organizers Mainly classical measuring principles/ideas, but the new aspect is the micro devices, which is deployable? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hard Troubles – Really Hard Troubles: Affecting a swarm and elements in case of high speed. 
A. Accelerating 
How can we accelerating up to order of magnitude of speed of light? In the vicinity of Earth it is maybe solvable to accelerate some type of space probes. Not solved, 

some ideas available, laser acceleration 
B. Decelerating 
How can we decelerate down the probes from the ‘near speed of light’?  

No how, no way. Is any solution to use them without decelerating? 
C. Relativistic view and communications 
According to different rates of Doppler effects new telecommunication systems needed. 
Can we measure any characteristic at the target for example outgassing, magnetic fields and spectrums on a high speed?  
D. Cosmic effects –Radiation Extreme radiation affects the devices. 
E.  CONCEPTS AND POSSIBLE SOLUTIONS 
 

Some little calculation and counting 
Speed of photons is c, the speed of light. Energy of them is E0, which come out from accelerating lasers during one impulse. Impulse of them is p = E0 / c, which is the 

energy of photons represented. In the ideal case all of photons are mirrored back, the represented impulse is p’ which is bouncing back from the ideal mirror. The total 
changes in pulse are the double of these two absolute volume Δp is the pulse change of photons and this is the pulse change of the mirror. 

 
In case of an ideal nanobot represented by a one cubic millimeter ideal metal cube, volume is 10-3 cm3, rest mass approximately m0 = 10-2 g 
- Δp , the same as pulse of photons.  
from ideal p = m v they ideal Δv is:  
Δv = 2* E0 / ( m0 * c ) 
which is true for low speeds. 
In case of order of magnitude c, which means near 0.1*c to max 0.5 c, the pulse change can be calculated from: 

 
 
Let we calculate first from classical 
Data: 
Rest mass of ideal cube is: m0 = 10-2 g = 10-5 kg 
c = 300 000 km/s = 3* 105 km/s = 3*1010 cm/s 
Let we calculate with ELI laser where IL = 1023 W/cm2, time t =10-15 s.  
From here to calculate for 1 cm2   the  E = 1023 W * 10-15 s = 107 Ws = 10 MWs. 
Let we calculate with laser of 1MWs 
E0 = 1 MWs = 106 Ws = 106 J 
Let we calculate with ms length of impulses: 10-3 s 
Δv = 2* E0 / ( m0 * c ) = 2 * 106 Ws / ( 10-5 kg * 3* 108 m/s ) = 2/3 * 103 m/s 
 
This is an order of magnitude 1 km/s. 
With a Composite Sheaf Beam Lasers during one second it can accelerate approximately thousand times higher speed.  
Δv is 1000 km/s during on second, if the sheaf can transfer they energy. (In case of circular cross-section surface 0,52*π = 0,785 smaller, than in case of 1mm2  surface 

of an ideal cube, but nearly a good approximation. 
If from 0 km/s to 1000 km/s is the acceleration, then 500 km/s is the average speed. In other words it is 500km in 1 s. The acceleration is possible in vacuum for 

example in Space. The acceleration geometry must be a pipe or cylinder which can be ensured by a geometry of Composite Sheaf Beam Lasers visible in the colorful 
pictures In case of relativistic effects the additional acceleration will be harder because of relativistic mass increase. 

 
A Accelerating Lasers 

 
Sheaves of laser ideas, not solved until now 

Hawking (2016) red left, Vizi (2009) color right 

B Decelerating: NO HOW, NO WAY Overflight Is any solution to use them without decelerating?  
C. Relativistic View Deformation View distortion forward at different percent of light speed 
 
 
 
 
 
 
 
. 
According to emitted or reflected incoming light different relativistic sensing effects First case Lorentz-Contraction otherwise additional virtual rotation also In the target 
direction everything will be lighter blue, back direction darker red. Anisotropic view will be 
D. Cosmic effects – Radiation Collision with particles. Considerations: Average 7 nucleuses (plasma) / m3 in Solar System 
CubeSat sized 1dm2 cross section - sweeps 1 m3=103 dm3 , 101dm in 1 m -> 102 m = 100 m  
Nanosat sized 1cm2 cross section - sweeps 1m3 =106cm3    102cm in 1 m -> 104 m=10 km 
Solutions to Cosmic Effects 
NASA Ames article: D.-I. Moon1 et al. Sustainable Electronics for Nano-Spacecraft in Deep Space Missions Center for Nanotechnology, NASA Ames Research 
Center, Moffett Field, CA, USA, 2016 IEEE [6] 

 An on-the-fly self-healing device is experimentally demonstrated for sustainability of space electronics. A high temperature generated by Joule heating in a gate 
electrode provides on-chip annealing of damages induced by ionizing radiation, hot carrier, and tunneling stress. With the healing process, a highly scaled silicon 
nanowire gate-all-around device shows improved long-term reliability in logic, floating body DRAM, and charge-trap Flash. 

 Radiation hardening strategy: ChipDesing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E. CONCEPTS AND POSSIBLE SOLUTIONS 
Command a special part of the swarm to do a specific job inside a space interval. Let we divide the space into sectors near the target – a moon, planet or star. Particular 
space intervals demand definite activities. Classical probe is orbiting the target and makes measurements in circulating or near rounding orbit.  
A high speed streaming swarm couldn’t orbit the target. But we can command the part of them at just the target area to make the same measurements at the same 
position where classical probe made. 
Single Space Probe vs. Stream of Swarm A planet's atmosphere could be clear or cloudy … A single space probe which can turn on and off experiments and sensors in 
accordance with the conditions expected. The result must be the same like in case streaming swarm. Just exactly at that time then the elements of the stream which have 
arrived earlier can inform the next elements of the stream to set up they sensors to getting ready to use a fitted settings of parameters for the specific measuring. 
To find the best balance between the available time and electrical power and the importance of significant measuring. 
Flowchart and Timetable as Procedures 
at Sectors and Communication 
Location dependent tasks during approaching,  
nearby and beyond the target (like a procedure oriented program) 
Approaching 
 Before destination 
  place of pre measuring 
At destination 
  place of main measuring 
  common computing for interest - sending backward and  
forward and parallel 
  focusing on interest - sending backward to the next part  
of swarm 
After Destination 
  Sending back precomputed main data after   parallel computing 
  Trying to send back all data several times repeatedly as long as  
run out of energy 
Proportional weighting between tasks 
  during planning the mission program HW&SW, predefined in  
situ analyzing and  
result dependent actions 
  from the collected data at destination result dependent actions,  
according to predefined program but from the results 
Communication in Stream of Swarm 
It is necessary to communicate each other inside of the swarm. First parts of the stream collect measurements, start to preprocess data and send back to the next part of the 
stream relevant information as a negative feedback for better settings to help to collect data more precisely 
A. Negative feedback to next part of Swarm 
It is a key opportunity to modify, to correct and to involve the behavior of the next part of the stream according to results of the first part of the stream. The kth parts of the 
stream make measurements and start to process the data. According to the results, the kth part of the stream could send feedback to the k+1th part of the stream and so on 
step by step. It is a theoretical possibility to pinpoint the next new specific measuring according to the preprocessed data. Swarm can send back the whole collected data in 
one time together to the Earth with the united power of the Stream at cornerstones of mission. 
To fall behind to relay the data: Proportionally fall behind, to lag at the end of the stream as telecommunication relay element as a concept to relay backward the data to 
Earth. 
Power sources 
Batteries for operation for long term slow consumption and for or short term high energy demand.  
for long term slow consumption operation: space qualified small battery cells. 
for short term high energy demand: from two component power sources or shortly like a spark for  
example during transmission of collected scientific data 
Two components usually means one solid and one liquid component,  
according to pressure, mainly independently if we keep them in a closed space  
in a vessel, which can hold enough pressure until activating the liquid, without sublimation 
Possible target objects 
Planets with magnetic field or without 
Planetary object size: different requirements in point of view of size, ranging from  
asteroids, comets, rocky planets, gas giant sized planets.  
Dusty fields: Dusty places e.g. comets or rings of planets which are around of gas giants usually. 
Combined: Gaseous big planets have moons, magnetosphere, dusty halo with particle shower together with huge particle streams 
Conclusions: Special philosophy HW and SW plans 
In case of smarter but more expensive elements measuring and transmitting can be turned really efficient. The redundancy is also coming from the large amount of 
abundance of the Streaming Swarm of Nano Space Probes (SNP). In case of a streaming swarm mission a weighted distribution of tasks necessary to elaborate during 
developing and deploying. The whole streaming fleet necessary to behave like one big organization as one big integrated space system 
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