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Topics of interest

Satellite Navigation
» GALILEO-3-2015: EGNSS applications through international cooperation on fundamental physics

Earth Observation
» EO-3-2015: Technology developments for imaging and oceanographic surveillance from space

Space Exploration and Science

» COMPET-4-2015: Space Exploration: alternative methods of propulsion
» COMPET-5-2015: Scientific exploitation of cosmology and gravity

» COMPET-6-2015: International Cooperation in space science

Thermal analysis of spacecraft
» Modelling and computation of small accelerations due to thermal effects
(Solution for the Pioneer and Cassini anomalies)
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Departamento de Fisica e Astronomia (DFA)
FCUP

» Top research department in Portugal (about 70 PhDs, 250 papers/year,
4000 citations/year)

» DFA-FCUP Fundamental Physics in Space (3 PhDs)-collaboration with FEUP
» Co-author of Portugal’s National Strategy for Space (O.B. 2004)
» Member of the Galileo Science Advisory Committee of ESA (OB, 2008-2013)
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Modeling the nongravitational acceleration during
Cassini's gravitation experiments
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Modelling the reflective thermal contribution to the acceleration of the Pioneer
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Gravity Control
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TOWARDS A GENERAL RELATIVISTIC APPROACH
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epts should

kno ical theories. In this work we

‘gravity control

Smdy the hypothetical conversion of gravitational potential energy into hnmc energy using the formalism of general

relativity. We show that the energy im the process

ly given eneral

relativity. We conclude that the impact of any gravit
definition.

‘propulsion greatly onits exact
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1L INTRODUCTION

Access to space using currently available propulsion systems is
extremely limited both in distance and in time. In recent years the
interest in unconventional propulsion proposals has grown in the
hope that new forms of propulsion, that increase the range of
spacecraft while reducing the trip time, are discovered.

Several conceptual mechanisms have been proposed to radi-
cally improve the performance of propulsion systems, such as
warp-dives [1.2], transient mass fluctuations [3], antigravity
[4] or gravitational shielding effects [5]. While some of these
proposals are only conceptual, others such as the gravitational
shielding have been tested and proved unfruitful [6]. Many of
these systems are based on the effect of the manipulation of
mass and graviy in arockets motion. The sty of the impact
systems’

been pr ly d evcmfgmv—
ity could be controlled or modified it would not lead to any
‘brealthrough in propulsion systems [7].

Other conceptual devices (e.g. the space drive) go even
further, idealizing a form of propulsion without any reaction
mass that would somehow manipulate space-time and matter to
create propulsive forces. Onecofthe possible energy sources for
st Ref [8],is potential
energy. Fnr concreteness we shall argue along the energy con-
siderations as suggested in that reference. In there, it has been
proposed that these systems could not be analysed using rock-
etry metrics and that their full potential could only be under-
stood in terms of the energetic [8]. We under-

Nomenclature
¢ speedoflight=3x 10°ms*
& inertial mass modification factor
€ gravitational mass modification factor
€ gravitational field modification factar
G gravitational constant = 6.67 x 107 m* kg5
1,  specificimpulse
v,  propellant velocity
G,  Einsteintensor
T, energy-momentum tensor
t field
g,  metric tensar
g ‘metric determinant
T}, metric connection
& (F-%) Dirac delta function

consider the energy-momentum pseudo-tensor in order to esti-

mate the energy in a given of space-time volume. As expected,

we find that the resultant energy is considerably larger than the
i the

stand that this energy based study should be undertaken; nane-
theless it should be regarded with caution, especially when
trying to estimate the potential benefits of converting gravita-
tional potential energy into kinetic energy. Furthermore, we
‘elieve that the results of any approach in the context of the
Newtonian framework should be considered with great care.

In the current work we approach this space drive problem
from the general relativity point of view. For this purpose we

‘potential between two distinct points.

Before we present our computation and discuss its implica-
tions, we review some of the results presented in Ref. [7]
concerning gravity manipulation based on rocketry metrics.

2. ROCKETRY METRICS

Classical propulsion systems rely on Newton's mechanics. The
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TESTING THE FLYBY ANOMALY
‘WITH THE GNSS CONSTELLATION
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We propose the concept of a space mission to probe the so called fyby anomaly, an
unexpected velocity change experienced by some deep-space probes using earth gravity
assists. The key feature of this proposal is the use of GNSS systems to obtain an increased
accuracy in the tracking of the approaching spacecraft, mainly near the perigee. Two
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Comparison of Space Propulsion Methods for a

Manned Mission to Mars
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Untoersdade do Porto, §169.007 Porto, Portugal
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We asscss the possibility of reducing the travel time of a manned mission to Mars
using different propulsion methods and keoping the mass at departure within bounds.

For the sake of i

we used rop ive systoms of different state of the

art or jies, from the ical engine to the “Pure Electro-Magnetic

Thrust” (PEMT) concept, using a nuclear engine proposed by Rubbia. A mission
architecture based on existing proposals is suggestod in order to estimate the mass

budget that i the of the

system. Paroto curves of
the duration of the mission and time of flight versus mass of mission are drawn. We
conclude that the ion engine technology, combined with the classical chemical engine, is
the one which yields the shortest mission times with the lowest mass, and that chemical
propulsion alone is the best to minimise travel time. The results obtained using the

PEMT suggest that it is a more suitable solution for farther destinations than Mars.
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