This article was downloaded by:[Bochkarev, N.]

On: 12 December 2007

Access Details: [subscription number 746126554]

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

ASTROPHYSICAL

r=

I RANSACTIONS

Transactions
The Journal of the Eurasian Astronomical
Society

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505
Is it feasible to complete an interstellar expedition within

single human lifetime?
L. V. Ksanfomality 2
8 Space Research Institute, Moscow

Online Publication Date: 01 August 1999

To cite this Article: Ksanfomality, L. V. (1999) 'Is it feasible to complete an interstellar
expedition within single human lifetime?’, Astronomical & Astrophysical
Transactions, 18:1, 315 - 317

To link to this article: DOI: 10.1080/10556799908203072

URL: http://dx.doi.org/10.1080/10556799908203072

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556799908203072
http://www.informaworld.com/terms-and-conditions-of-access.pdf

Astronomical and Astrophysical Transactions, 1999, ©1999 OPA (Overseas Publishers Association) N.V.

Vol. 18, pp. 315-317 Published by license under the Gordon and Breach
Reprints available directly from the publisher Science Publishers imprint
Photocopying permitted by license only Printed in Malaysia

IS IT FEASIBLE TO COMPLETE AN
INTERSTELLAR EXPEDITION WITHIN
SINGLE HUMAN LIFETIME?

L. V. KSANFOMALITY
Space Research Institute, 84/32 Profsoyuznaye str., 117810 Moscow
(Received March 14, 1997)

‘We consider a possible future energy source: deuterium-helium thermonuclear reactions. When
this source is used even with no losses the closest star (4.4 l.y.) cannot be reached during a human
lifetime. Calculations prove that the average speed of such an interstellar probe consisting only
of deuterium fuel (with no mass for any construction!) and the module for the astronauts with a
mass of about 0.01 of the total mass of the mission, cannot exceed 17600 km s—1, and the two-way
flight duration is 150 years. Even with a totally unrealistic mass of the module of 0.0001 of the
total mass, it is still 105 years. Unless some as yet undiscovered physics leads to new sources of
energy or means of travel, interstellar flights piloted by humans will remain a dream forever.

KEY WORDS Piloted interstellar flight energy

1 INTRODUCTION

The late Dr. Oliver, being not only the “Cyclops” project author (and of many other
SETI problem publications) but also the inventor of the first pocker calculator,
wrote many times that the whole Earth’s economy is powerless to provide the
tremendous amount of energy required for a piloted interstellar flight (Oliver, 1994).
In fact “a piloted” here just means a fast flight (that could be an automatic mission
too, intended for returning its material results during the lifetime of the mission
authors). The duration of the two-way expedition to the nearest star (Alfa Centauri,
4.4 1.y.) should not exeed 40-50 years, which requires an average speed V,, = 0.2c.
The interstellar probe mass, according to some estimations, could not be less than
2000 tonnes (but could be much more as shown below). It is mainly fuel mass.
For the 2000 tonnes mass to of reach the 0.2c speed, an energy of 10> kW-h is
required, which would equal 10 years of the entire Earth’s production of energy.
Taking into account the braking at the goal and energy expenses when returning,
for the V,, shown above, the energy required would be much higher. That is why
Oliver wrote about that as a ruinous enterprise. There is however, an another
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approach. The probe could be provided with an autonomous effective energy source,
e.g. thermonuclear reactions.

2 AN IDEALIZED INTERSTELLAR PROBE

It is possible that motors using thermonuclear reactions are on the technological
horizon. One could imagine that this kind of motor will permit interstellar manned
flight. In this paper an estimation of the feasibility of such a flight is analysed. The
following is an example of the absolutely ideal experiment, with 100% efficiency
of the nuclear fuel use. The deuterium-helium thermonuclear reaction is the most
powerful source of energy existing on Earth: 1.4 x 10° kW-h kg—*. The interstellar
probe is intended to reach the closest star (4.4 l.y.). Let us calculate the possible
duration of the interstellar probe driven with this possible future energy source
(deuterium-helium thermonuclear reactions).

We consider an idealized case and assume that the fuel is used without any loss
and the entire energy is provided for acceleration or braking of the probe. The
probe has no mass for an engine or for enything else except fuel and a small module
for astronauts. The calculations have been made for three different masses m,, of
the module for astronauts consisting of only 0.01, 0.001, or 0.0001 of the total mass
M (no matter what the absolute mass is, say M =1 kg). As it is only a fuel mass,
it is absolutely useless to divide the probe into 1st, 2nd, and so on, stages: it is a
single unit. This hypothesis that the probe has no mass for an engine has nothing
in common with existing rocket techniques, nevertheless it shows the natural limits.
There are four steps of the flight: acceleration up to speed Vi,ax at the end of the
first half of the flight; braking down up to full stop at the goal, and repetition of the
sequence when returning. {There are other flight schemes, too - see Levantovskii,
1980). The relative part z of fuel spent at each step is the same:

2= (1—mi*); 1)

for my, = 0.01, 0.001, or 0.0001, the spent part z is 0.684; 0.822, and 0.900. (For
existing techniques it may consist of 0.4 and less, which means that it is not perfect).

The well-known formula
Vinax = win(M/(1 - 2)) (2)

is useless for the calculation of Vyax, as the speed of a thrusted propellant body w
for this case is unknown (some authors supposed w could reach 100 km s~*, — see
Levantovskii, 1980. For our case it should be few ten times more).

3 A POSSIBLE DURATION AND THE SPEED LIMIT OF THE EXPEDITION

As metioned above, we consider an idealized case and assume that the entire en-
ergy production @ is transformed into kinetic energy of the probe, as the following
equation shows:
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2Q dm = (m — dm)(V +dV)? — (m — dm)V?2. (3)

(dm in the first member is the mass spent for acceleration; in the second it is the
mass lost before the next step. In fact, it is the same). The energy produced by
the deuterium-helium thermonuclear reaction is known; 6 x 1072 mc?, or Q@ =
5.4 x 10 J kg~! (Orir, 1979). When integrated, the three m,, produce Vpax
35.3 x 10%; 43.2 x 102, and 49.9 x 10% km s~!. (This is not very high: crossing the
Earth’s globe in 1/3 s). The average speed V,, is two times less. The duration of
the two-way flight T is:

T =2(4.41y)c/Vay, (4)

that is 150; 122, and 105 year. This exceed a human lifetime even in this idealized
experiment. (The speed of a thrusted propellant body w for this case is 7600; 6200,
and 5400 km s}, much exceeding the estimation shown above).

4 CONCLUSION

The small difference in the expedition duration, despite quite different m,,, means
just that Vipax is close to the natural limit of this power source. Even for a quite
unreal case, m,, = 1078, the Vinax is 70 x 10% km s~ 1.

One may compare the probe mass estimated above (2000 tonnes) with the re-
sults for three different masses my, (0.01, 0.001, or 0.0001) and the module for the
astronauts consisting of 50 tonnes. The calculated mass for the idealized probe is
5000; 50000 or 500000 tonnes.

It is evident that the mass m,, must be much higher then our estimation, proba-
bly it would be close to 0.1. However it means that Vi,,x is considerably lower, too.
Which other kind of fuel besides deuterium-helium thermonuclear reactions may be
considered? Antimatter does not exist naturally on Earth, and is very expensive to
produce as mentioned by B. M. Oliver. Nevertheless, just for an estimation, let us
consider the result of calculations for the annihilation reaction. The @, value for
the annihilation is mc2. For m,, = 0.1 the speed V,, of such an interstellar probe is
close to 110 x 10® km s~. This means that a resonable duration of the expedition
may be provided only by the annihilation reaction.

It seems that unless some as yet undiscovered physics leads to new sources of
energy or means of travel, the human lifetime of a single generation is not enough
for an interstellar piloted flight or for returning an automated probe.
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