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1. INTRODUCTION

In this paper some observations are made pertaining to the 
application of theoretical physics to the problem of interstellar flight. 
In particular, we adopt analogues from classical physics to describe 
a distribution of interstellar transport speeds and the implications 
of this if relativistic and faster than light (ftl) travel were possible, 
within the context of Albert Einstein’s theory of relativity.

 We take an analogy with thermodynamic equilibrium and 
assume that in a galaxy filled with interacting interstellar capable 
civilisations, over time that galactic wide system will settle 
down, so that the average transport velocities of all interstellar 
capable societies, can be collected such that the equivalent 
of a probability distribution function can be generated. The 
assumption of this analysis has to be that all of those civilisations 
have interacted, analogous to particle energy exchanges in 
a thermodynamic system. Different civilisations will share 
knowledge and technologies with each other, which initially 
perturbs any distribution function, but upon full interaction 
of the ensemble, will settle down to something that could be 
referred to as an equilibrium state. It is asserted, that in fact the 
consequences of special relativity leads to net flows of energy in 
this system, and therefore the evolution or maintenance of a non-
stable and non-equilibrium state. This is in relation to temporal 
equilibrium but also in relation to a thermodynamic analogue 
and the inability to maintain an equilibrium distribution function.

 From this analysis, three postulates are proposed which 
may moderate the expansion of humankind into the galaxy, 
and so also have implications for theories of extraterrestrial 
intelligence. In particular, we consider that although there are 
many methods proposed for getting to the stars [1] an analysis of 
the ensemble possibilities leads to some interesting possibilities.

2. ULTRA-RELATIVISTIC FLIGHT

The special theory of relativity was developed by Albert 
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Einstein in 1905 [2]. It lead to profound revisions in our 
understanding of measurements and inertial frames. The 
application of relativity theory results in corrections to the 
standard Newtonian equations of mechanics. For example, a 1 
ton probe moving at 10% c or 99% c will have a kinetic energy 
equivalent of 4.50×1017 J and 4.41×1019 J. But accounting for 
relativistic mass corrections, for the same cruise velocities the 
kinetic energy will be 4.52×1017 J and 3.12×1020 J respectively. 
We can see therefore that approaching the speed of light results 
in larger corrections.
 
 Another example of the impact of relativity is the so called 
‘Twin Paradox’ [3]. The equation for time dilation allows one 
to estimate the flow of flocks in between inertial frames, such 
as for a frame where the time is measured by clocks on Earth 
Δto or on a spacecraft Δt, which is moving relative to the inertial 
frame. These are related by Δt=Δto/√(1-(v/c)2), where v is the 
velocity and c is the speed of light. In these circumstances, 
for the moving astronaut, clocks slow down such that when 
returning to the Earth, the clocks of any twins are no longer 
synchronised and the one who stayed at home would have aged 
faster.

 Einstein also combined the laws of conservation of energy 
and mass and demonstrated that there were different energy 
contents in a body. Starting from the correct relativistic 
generalization of kinetic energy and the application of binomial 
theory, (1+x)n=1+nx+……, it can be easily demonstrated [4] 
that the total energy content of a body mrelc

2 is equal to the sum 
of the intrinsic rest energy moc

2 and the kinetic energy mov
2/2. 

This will reduce to the Newtonian expression mv2/2, by series 
reduction, when v is much smaller than c.
 
 Also, as a particles speed increases, the acceleration caused 
by a given force continually decreases and eventually reaches 
zero, no matter what force is applied. Thus it is not possible to 
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accelerate a particle with non-zero rest mass to faster than the 
speed of light. This is often interpreted to mean that a rapidly 
moving particle undergoes an increase in mass to a relativistic 
mass. This concept is captured by the equations for relativistic 
momentum p=mv/√(1-(v/c)2) and relativistic mass mrel=mo/√(1-
(v/c)2).

 Others have speculated [5] that if we could invent relativistic 
propulsion systems, then it may be possible to reach the centre 
of the galaxy in as little as 28 years (ship time) or the edge 
of the Andromeda galaxy within 32 years, although due to 
the time dilation factor, if these crews returned home to Earth 
they would discover the people they once knew long gone. An 
example of such a potentially relativistic propulsion system 
includes the interstellar ramjet which utilises fusion propulsion 
by mining the hydrogen of the interstellar medium [6].

 However, applying the effects of relativity theory to galactic 
wide colonisation and exploration by interstellar civilisations, 
there is a fundamental problem presented which has not been 
previously highlighted, although it is obvious once pointed out. 
We can explain this by some examples.

 The galaxy has a diameter of 100,000 light years. Imagine 
it has two intelligent extra-terrestrial civilisations and both 
have interstellar capability. The first problem we encounter is 
that both the host planets and star systems from which each 
civilisation derives were initiated at different epochs in the 
history of the galaxy. So one of the star systems may be a billion 
years older than the other for example, which may also mean 
that the technological maturation of each is also separated in 
time, one being further developed than the other. The second 
problem we encounter is the definitions of time, such as what is 
meant by a year? Even if each civilisation decides to measure 
time by the orbit of their planet around their host star, those 
orbits will be different. But this is not a show-stopper, merely a 
language and conversion issue. The big problem, is the fact that 
the time dilation experienced by each of the crews travelling 
from the two host worlds, will be a function of the vessel cruise 
speed.

 Table 1 shows the results of this effect, where we can see that 
any two vessels setting out at different cruise speeds and with 
different ship times will result in a different time dilation effect, 
with respect to the point of origin. This means that any two 
intelligent civilisations encountering each other in the galaxy 
will be out of temporal synchronisation. It is acknowledged 
that most encounters are likely to be made on planetary home 
worlds, rather than in deep space where expending with velocity 
is likely to prove energy expensive.

 Now imagine this situation in a galaxy where there are 

hundreds or thousands of intelligent civilisations, each 
with their own origin of epoch relative to the galaxies age, 
each with their own definitions of time, each with their own 
interstellar transport speeds. Unless a universal sub-light 
speed limit is imposed on all galactic civilisations, reasonable 
and practical interactions between intelligent civilisations 
becomes problematic, or a chaotic situation of ‘temporal 
spaghettification’ arises – which we define as a non-tractable 
system of multiple time dilation measurements due to special 
relativity (note: this is not the same as spaghettification in 
strong gravity fields and is a different concept). This makes for 
an unstable scenario in galactic affairs, and may suggest that 
interacting ultra-relativistic spaceflight over a large population 
of civilisations is not practical. By the phrase ‘ultra-relativistic 
flight’ we mean where the relativistic corrections are dominant, 
especially at speeds exceeding 90% c. We therefore propose the 
following:

 Postulate (1) ultra-relativistic spaceflight leads to 
temporal spaghettification and is not compatible 
with galaxy wide civilisations interacting in stable 
equilibrium.

 
3. FASTER THAN LIGHT
 
We now come to the speculation that it may be possible to not 
only approach the speed of light, but exceed it. Firstly, it is 
important to state the view of Einstein (and supported by all 
subsequent measurements), that the speed of light in a vacuum 
is the same for all observers, regardless of the motion of the light 
source. The vacuum speed of light has a value of 299,792,458 
m/s, and according to special relativity it is the maximum value 
at which all matter (and information) is permitted to travel 
by the laws of physics. The so called ‘light barrier’ cannot be 
compared to the historical ‘speed of sound barrier’ and any 
such comparison is not appropriate, although frequently made 
to justify the plausibility of ftl flight.
 
 However, we must also acknowledge that although Einstein 
sets a limit to the speed of light through space, General Relativity 
theory (Einstein’s theory of gravity) does allow space itself 
to move superluminally (i.e. in Big Bang Cosmology where 
current models suggest a period of superluminal inflation). It is 
within this context that researchers have sought to find theories 
for faster than light travel [7, 8]. But if ftl travel were possible, 
then it too comes with implications for galactic interstellar 
civilisations.
 
 But first, this author proposes another postulate upon which 
any further reasoning will depend. This postulate is based 
upon the fact that even the best information prisons in nature 
(black holes) are apparently not able to prevent information 

TABLE 1:  Illustration of Time Dilation Effect (Years) due to Special Relativity.
%c 10 Years Trip time 50 Years Trip Time 100 Years Trip Time
90.0 22.94 114.71 229.42
99.0 70.89 354.44 708.88
99.9 223.66 1,118.31 2,236.63

99.99 707.12 3,535.62 7,071.25
99.999 2,236.07 11,180.37 22,360.74

99.9999 7,071.07 35,355.35 70,710.70
99.99999 22,360.68 111,803.4 223,606.8
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loss over time. This is demonstrated through processes such as 
Hawking radiation [9]. Also, there is no such thing as a truly 
closed system and instead all systems tend to be leaky [10]. 
In the context of starships, that information would pertain to 
technologies. This author therefore suggests the following: 
 Postulate (2) No information can be contained in any 

system indefinitely.

 We can now explore the implications of this postulate to 
the existence of ftl drives of any form. We imagine a galaxy 
with many intelligent civilisations within it. Now imagine the 
scenario where innovative scientists on one world are able to 
invent some kind of warp drive that allows them to get across 
the galaxy in speeds which are equivalent to multiple times the 
speed of light, as envisioned in the Star Trek universe.

 If any one intelligent technological civilisation in the galaxy 
develops faster than light travel (e.g. warp drive), then this has 
implications to other civilisations in that galaxy, in that even 
if it takes millions or billions of years, eventually all other 
civilisations will acquire it. This will occur by one of four 
possible mechanisms:

 1. Law of large numbers, where statistically there is a 
certain probability that in a galaxy filled with multiple 
civilisations, a technology can be invented elsewhere 
and independently (e.g. the history of human writing). 

 2. Knowledge of this technology will be transferred openly 
from one civilisation to another because civilisations 
may have an incentive to diffuse such technologies.

 3. Knowledge of this technology will either leak out or 
be stolen from one civilisation by another, because it is 
difficult to hide from curious species.

 4. The mere knowledge that this technology exists, 
will promote research into this technology by the 
other civilisations, therefore eventually leading to its 
maturation elsewhere via a technological determinism.

 On the basis of the above, it is not feasible over long periods 
(e.g. millions or billions of years) for one galactic civilisation 
to expect to keep the knowledge of ftl technology secret from 
others indefinitely. Over time therefore, if one civilisation 
develops this technology, then eventually all civilisations will 
have it.

 This implies a change in the probability distribution function 
(pdf, see next section) for the relative velocities of galactic 
civilisations, so that eventually with everyone attaining ftl, the 
pdf may even asymptote and a form of spatial runaway effect 
will occur - which we define as an exponential expansion 
of a system of representative particles - where interstellar 
civilisations diffuse not just throughout the galaxy, but also 
external to the galaxy.

 In other words, because it is now practical to leave the 
galaxy, many will do so. The overall situation can be likened 
by analogy to one of molecular evaporation, representative of 
a thermodynamically dissipative system, although this is not 
necessarily so, provided the evaporation loss is balanced by any 
gain internal to the galaxy. We therefore propose the following:

 Postulate (3): faster than light spaceflight leads to 
spatial runaway, and is not compatible with galaxy 
wide civilisations interacting in stable equilibrium.

 However, we must also acknowledge the possibility that not 

all ftl based starships would choose to leave the galaxy, and also 
that once the technology is maturated by any one civilisation it 
is unlikely to be lost. It is possible that this may counteract any 
diffusive evaporation runaway effect of the system.

4. STARSHIP VELOCITY 
DISTRIBUTION FUNCTION

In physics the classical Boltzmann equilibrium distribution is 
a function used in gases, plasmas or atomic states of interest 
and describes how any one particle will interact with the 
surrounding particles [11]. It gives the number of particles 
inside an equilibrium ensemble. We can adopt an analogue 
of the Boltzmann distribution which we call the ‘Starship 
distribution function’ (sdf) and we can write it as a general form 
as follows where any constants, such as k, are left undefined at 
this time, although B is some normalisation constant and E is 
the total energy of all the particles:

 ( ) Ef E Bexp
kT

 = − 
 

 (1)

 And if we equate the energy to kinetic energy we get

 ( )
2

2
mvf v Bexp

kT
 

= −  
 

 (2) 

 In this equation the total energy E is compared to the 
Temperature T of the system multiplied by the constant k. So 
whereas for particles with energies below kT the probability is 
high, it is very unlikely to find particles with energies greater 
than kT. The distribution reflects the tendency of particles to 
occupy the lowest possible energy but with temperature particles 
can have any energy but the possibility drops exponentially. 
The adoption of the constant k should not be assumed to be 
equivalent to the Boltzmann constant of classical physics which 
relates the energy of an individual particles with its temperature, 
but it would be some analogous concept that relates the energy 
of any starship to the background temperature of the ensemble 
(see discussion below).

 In an idealized gas, particles move freely inside a stationary 
container without interacting with one another, except for very 
brief collisions in which they exchange energy and momentum 
with each other or with their thermal environment. In the 
model presented in this paper, the galaxy is essentially the 
stationary box, and the starships are the particles, where energy 
is exchanged by cultural and technological interaction between 
civilisations (knowledge share) which leads to moderations 
or advances on technology maturation. Essentially, this is the 
result of starships from one civilisation visiting the worlds of 
other civilisations and over time through a process of mutual 
information exchange, the technology evolution between 
the worlds thereafter becomes a coupled system (through 
knowledge share). This effects the overall starship distribution 
function in the galaxy, although it is a slow process, and would 
probably take place over very long time scales.

 In the context of sub-light interstellar transport, we can 
assume that there is a tendency for starships to occupy the 
lowest possible energy as part of an effort to use the minimum 
amount of fuel required for the mission. In this analogy, m is the 
average mass of a starship and v is the velocity as some fraction 
of the speed of light. In this problem, we are not modelling the 
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planets or the stars within a galaxy, but the transport vessels that 
travel between the stars, so we therefore select a temperature 
that reflects the expected average temperature associated with 
propulsion systems. This number requires some thought and we 
choose to base it on known energy systems which are likely to 
form a part of any interstellar transport method.

 For energetic fusion systems, the temperature is obtained 
by setting the average thermal energy equal to the Coulomb 
barrier, although it is also possible for fusion to be initiated by 
high-energy tail particles via a process of quantum tunnelling. 
For Deuterium-Deuterium fusion it is around 4×107 K and 
for Deuterium-Tritium fusion it is around 3.5×107K. Given 
the high frequency of stars (approximately 100-400 billion in 
the Milky Way galaxy) it is not unreasonable to consider that 
most intelligent civilisations would eventually work out the 
underlying physics of the stellar power source, and so starships 
based on fusion propulsion at some point seems a sure bet.
 
 For antimatter annihilation systems antiparticles can 
be produced in any environment with a sufficiently high 
temperature, that is where the mean particle energy is greater 
than the pair production threshold. For an electron and a 
positron, each with a mass of 0.511 MeV/c2, they can annihilate 
to a yield of 1.022 MeV of energy. 1 eV = 1.6×10-19 J of energy, 
which is equivalent to 3/2×kBT, which amounts to a temperature 
of around 1010 K for the pair production of electrons. For the 
production of protons and neutrons, they can annihilate to a 
yield of around 6 GeV, which is equivalent to a temperature of 
around 1013 K [12].

 For high energy laser driven systems that utilise the Starwisp 
architecture [13], interstellar missions with robotic probes 
are likely to need GW powers, and for biological humans 
this requires TW powers. These would impart an operating 
temperature on the sail materials of order 103 K.
 
 So for interstellar transport methods, we have a temperature 
range from 103 K to 1016 K, which is an average temperature of 
around 107 K. 

 Figure 1 shows various types of distribution functions, 

where f(v) is some function that represents the magnitude of 
the population one is counting, and this is plotted as a function 
of the transport velocity. Curve (a) shows what a typical 
distribution function might look like, which rises up from 
f(v)=0 to some peak value and then drops off again in a high 
velocity tail towards v(t)=vmax.

 To find the average speed of the distribution function, it is 
simply a matter of integrating the function between the limits

 
( )max

0

v v

v

kTv f v dv
m

α=

=
= =∫  (3)

 Where α represents some constant derived from the 
integration and m is the average mass of the vessels represented 
in the problem (analogous to particle masses), and kT is some 
variables that somehow relate the kinetic energy of the particles 
(vessels) to the distribution function analogue as a represented 
temperature.

 In Fig. 1, curve (b) shows a peak around the 10-12% c 
mark, which corresponds to typical average transport speeds 
expected of something like a Daedalus type starship design 
[14]. In contrast, if it is not possible to build machines much 
travel faster than around say 1-3%c only, then the distribution 
function will look like curve (c), and this is representative of a 
galaxy dominated by world ships [15]. In a galaxy where world 
ships, Daedalus type vessels, laser beamers (10-20% c) [13] 
and even antimatter systems (30-40% c) [16] the distribution 
function may look like (a).
 
 However, in a galaxy where civilisations discover that 
relativistic flight is possible, it would be a tendency over time 
for all societies to build faster and faster machines, given that 
it is desirable to minimise crossing times between stars. This 
means that there would be fewer and fewer slower vessels 
and eventually the distribution function would begin to look 
something like the curve (d) in Fig. 1. If the weighting of this 
distribution function tends towards the high end of the speed of 
light range (e.g. 90-99% c) then this curve may even begin to 
asymptote towards the speed of light, although never reach it. 

Fig. 1  Illustration of transport distribution functions.
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*          *          *

Now imagine a galaxy of say 100,000 intelligent civilisations 
where everyone is travelling at such fast relativistic speeds – 
the idea of ‘temporal spaghettification’ becomes pronounced. 
Indeed, if it were possible to travel faster than the speed 
of light, then ‘spatial runaway’ also becomes a possible 
consequence.

5. CONCLUSIONS

In this paper we have discussed the issue of ultra-relativistic 
(>90% c) and faster than light (>100% c) spaceflight. By 
adopting analogues from classical physics, and the application 
of particle distribution functions, it is hypothesised that both of 
these fast transport schemes may not be practically realisable 
when applied to a large scale galaxy wide population, or if they 
are realisable then it is not compatible with the goal for a stable 
interstellar civilisation. This is due to the unstable equilibrium 
in terms of a galactic wide civilisation and the postulate that 
no information (i.e. technology) can be contained in any 
system indefinitely. It is also due to the suggested postulates 
for temporal spaghettification and spatial runaway, because it 
is argued these would not be compatible with a (busy) galaxy 
that has civilisations in equilibrium with each other. In contrast 
it is concluded that special relativity suggests a continuation of 
net energy flows (characterised by interstellar transport vessels 
of different types and speeds) and therefore the evolution or 
maintenance of a non-stable and non-equilibrium state.

 The author wishes to make it clear, that this is not a statement 
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that ultra-relativistic or faster than light flight are not possible. 
Indeed, even if these postulates were confirmed to be true, this 
would still not make these technologies impossible, but merely 
through reasoning suggest that they are not likely practical 
– which means technologically attainable but not feasible to 
implement on a large scale without unstable consequences to 
any galactic wide civilisations, such as envisioned by Isaac 
Asimov in his Foundation science fiction series [17]. 

 Of course, it could be argued that this only applies to a galaxy 
that is teeming with intelligent life. But the arguments could 
also be extended to the far future in a scenario where we were 
the only intelligent life, but where humankind had successfully 
explored and colonised many star systems and all were now 
existing as independent societies. Under these conditions the 
three postulates would also apply eventually.
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the Search for Extraterrestrial Intelligence (SETI) and possible 
solutions to the Fermi Paradox; the apparent contradiction 
between our theoretical expectation for intelligent life in the 
galaxy and observations that we do not see any. Einstein’s 
special relativity may simply make encounters a low probability 
or its consequences could have led to a diffuse galaxy during an 
earlier epoch.
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