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Faut-il une nouvelle théorie pour maîtriser la gravité?



Un objet en chute libre ne ressent plus 
son propre poids

“Einstein et la relativité générale” 
(Lazzarotto, Uzan, Eisenstaedt, 2015)
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How current loops and solenoids curve spacetime
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The curved spacetime around current loops and solenoids carrying arbitrarily large steady electric
currents is obtained from the numerical resolution of the coupled Einstein-Maxwell equations in cylindrical
symmetry. The artificial gravitational field associated to the generation of a magnetic field produces
gravitational redshift of photons and deviation of light. Null geodesics in the curved spacetime of current
loops and solenoids are also presented. We finally propose an experimental setup achievable with current
technology of superconducting coils, that produces a phase shift of light of the same order of magnitude as
astrophysical signals in ground-based gravitational wave observatories.
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I. INTRODUCTION

Somehow, studying gravity is a contemplative activity:
physicists restrict themselves to the study of natural,
preexisting, sources of gravitation. Generating artificial
gravitational fields, that could be switched on or off at will,
is a question captured or left to science fiction.
However, the equivalence principle, at the very heart of

Einstein’s general relativity, states that all types of energy
produce and undergo gravitation in the same way. The most
widespread source of gravitation is the inertial mass, which
produces permanent gravitational fields. At the opposite,
electromagnetic fields could be used to generate artificial,
or human-made, gravitational fields, that could be switched
on or off at will, depending whether their electromagnetic
progenitors are present or not.
The equivalence principle actually implies that one also

generates gravitational fields when generating electromag-
netic fields. However, since the gravitational strength is
extremely small compared to the one of the electromagnetic
force [1], large electromagnetic fields will only produce
tiny spacetime deformations. Yet, electromagnetic fields do
curve spacetime. Therefore, general relativity predicts that
light and more generally electrically neutral massive
particles are deflected by electromagnetic fields, although
they do not feel the classical Lorentz force. This effect does
not require new exotic physics and it might serve in the
future to build new tests of the equivalence principle in the
laboratory. In experimental gravity, the permanent gravi-
tational fields involved cannot be withdrawn completely. At
the opposite, the gravitational fields generated by electro-
magnetic fields can be switched off: their experimental
search can therefore be done by comparing measurements
made in the presence and in the absence of electromagnetic
fields. However, due to the weakness of the gravitational
interaction, even the strongest magnetic fields humans can

currently generate will only produce tiny spacetime defor-
mations. Detecting them would constitute a true exper-
imental challenge which we glimpse at in this paper. Such a
detection would nevertheless open the way to new labo-
ratory tests of the equivalence principle.
The so-called Einstein-Maxwell (EM) equations regroup

the classical field theories of general relativity and electro-
magnetism in a covariant way, although without truly
unifying them. In some sense, the idea of gravitational
field generation from a magnetic field can be attributed to
Levi-Cività [2] whose early analytical work describes the
curvature of spacetime completely filled by a uniform
magnetic field. Subsequent works have established ana-
lytical solutions for spacetime around an infinitely long
straight wire carrying steady current [3–5]. The main
problem of these analytical solutions is that the associated
metric is not asymptotically flat, due to the infinitely large
current distribution, which makes these analytical solutions
of poor interest for practical applications. Overcoming this
problem requires considering current distributions of finite
extent such as current loops and solenoids. Asymptotic
spacetime around current loops carrying steady current has
been studied in [5]. An attempt to derive the full solution of
EM equations around the current loop was realized a bit
later [6]; however this attempt led to an unphysical solution
due to an oversimplifying assumption. The case of an
infinitely long solenoid was considered in [7] but only for
weak perturbations of the metric in linearized general
relativity. Therefore, the solutions of the full nonlinear EM
equations sourced by the steady currents carried by loops and
finite solenoids remained so far unexplored until now.
In this paper, we present two important results: (1) how

spacetime is curved around current loops and solenoids
carrying arbitrarily large electric currents and (2) how the
consequent deviation of light could be detected. The
structure of this paper is as follows. In Secs. II and III,
we develop the numerical resolution of coupled EM
equations in cylindrical symmetry. We then present the*andre.fuzfa@unamur.be
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Corresponding boundary conditions can be obtained from
those given in Sec. II by linearly superposing the boundary
conditions of single solenoids as allowed by the weak
gravitational field limit. The problem can be solved numeri-
cally with a standard spectral method (for instance based on
Fourier decomposition; see Sec. III).
Our proposed experimental setup shown in Fig. 7 recalls

those of ground-based interferometers used to detect
gravitational waves: it consists of a Michelson interferom-
eter whose arms are constituted by Fabry-Pérot cavities.
One of these arms goes through a multilayered anti-
Helmholtz coil consisting of two stacks of superconducting
solenoids. As long as the electric current is switched on in
the device, this one curves spacetime and deflects light.
Since spacetime is slightly shrunk inside the coil, light
trapped inside the powered coil accumulates phase shift as
the round-trips succeed each other.
Following [18], we can write down the phase shift due to

the weak gravitational field hμν on a Minkowski path γ of
light

ΔΦ ¼ 1

2

Z

γ
hμνKð0Þνdxμ ð41Þ

where Kð0Þν is the (unperturbed) constant 4-wave vector of
the wave front. We focus on light following the axis u ¼ 0

of the coil, with wave vector components Kð0Þt ¼ 2πν
c ¼

Kð0Þz with ν the frequency of light. Therefore, the phase
shift along the axis of the coil for one trip is given by

ΔΦ ¼ π
Λ

Z
L

0
ðρð0; zÞ − λð0; zÞÞdz ð42Þ

where Λ ¼ c
ν is the wavelength of the light beam of

frequency ν and L is the length of the interferometer
arm. An anti-Helmholtz coil configuration is better than a
solenoid for the production of gravitational phase shift.
Indeed, phase shift is directly related to the difference ρ − λ

which obeys the following partial differential equation
[Eqs. (38) and (39)]:

∇2ðρ − λÞ ¼ 2CI
u2

ð∂vanrÞ2 ∼ jBrj2; ð43Þ

where Br is the radial component of the magnetic field.
This quantity, although vanishing on the axis of symmetry,
increases more rapidly inside a Helmholtz coil than in the
interior of a long solenoid, justifying the above-mentioned
choice. As a matter of comparison, the phase shift induced
by a gravitational wave passing by a Michelson interfer-
ometer is given by [19]

ΔΦ ¼ 2πc
Λ

jhjτtrip ð44Þ

where jhj is the amplitude of the incoming gravitational
wave and τtrip ¼ 2L=c is the single round-trip travel time of
the light beam inside the arm (to be amplified through the
multiple reflections induced by the Fabry-Pérot cavities).
Currently the achievable threshold for detection is for
jhj≈ 10−21, L≈ 103 m and Λ≈ 10−6 m yielding ΔΦ≈
10−11 rad per trip.
Let us now give an estimation of this phase shift for

realistic experimental conditions of the setup presented
above. We particularize the setup as follows. We consider a
set of ten stacked anti-Helmholtz coils, each constituted by
two superconducting solenoids of same length L ¼ 2.5 m
carrying opposite steady electric current of 2 × 104 A
(which is similar to CMS-class magnets [20]) spaced by
a distance of D ¼ 2.5 m. The external solenoids have a
radius of l ¼ 5 m and the ten solenoid shells are chosen
equally spaced between r ¼ 1 m and r ¼ 5 m. The length
of the interferometer arm has been chosen to L ¼ 50 m.
Figure 8 shows the profiles of Bzð0; vÞ and ρð0; vÞ −

λð0; vÞ along the axis of symmetry u ¼ 0 of the solenoids.
The anti-Helmholtz coils generate a curvature of spacetime
that reaches its maximum at mid-distance from each of the
solenoids (u ¼ 0, v ¼ 0) where the magnetic field vanishes.
The magnetic field is maximal at the center of the solenoids
(at z ¼ $D=2), and its magnitude reaches about 20T for the
parameters chosen above. The phase shift Eq. (42) can be
integrated numerically for the results of Fig. 8 and we find
Δϕ ≈ −1.56 × 10−25 (for Λ514 nm) per round-trip inside
the interferometer. If the experiment can be conducted long
enough, for a time Texp, this phase shift will be accumulated.
For 200 days of duration, the accumulated phase shift
reaches Δϕ ≈ −1.08 × 10−11. This value is the same order
of magnitude as that of a gravitational wave signal [21], and
could be detected by current technologies developed for
ground-based gravitational wave observatories [22].
The example given above is purely indicative and aims to

show that a detectable phase shift could be produced by
present-day technology. We can give a simple order of
magnitude and lower bound of the accumulated phase shift

FIG. 7. Schematic view of the proposed experimental setup.
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errors in the evaluation of the elliptic functions that
compose the magnetic potential anr of the current loop
and the solenoid [16].
We can now present the spacetimes curved by the

magnetic fields of the current loop and the solenoid.

B. Numerical results

Figures 3 and 4 present the metric functions ρ and λ as
well as the relativistic part of the magnetic potential arel for
the current loop (Fig. 3) and solenoids of different lengths
(Fig. 4). These plots have been obtained from the numerical
resolution of Eqs. (12)–(14) with the boundary conditions
Eqs. (18) using the numerical method presented in the
previous section.
Metric functions exhibit a peak at the loop location

(u ¼ 1, v ¼ 0) in Fig. 3 and we can notice the similarity
between the solutions of the current loops and the solenoid
of smaller length (Fig. 4, first row: L ¼ 0.1). Spacetime is
mostly curved along the radial direction (v ¼ 0) inside the
loop (u < 1) and becomes quickly flat outside of the loop.
When the solenoid length is increased (Fig. 4 from top to

bottom), we can see how the metric potential wells deepen

and widen along the central z axis. With longer solenoids,
the total electric current involved is increased and so is the
spacetime deformation at the origin of coordinates. The
peak in λ near the solenoid location is also smoothed when
the solenoid length is increasing (Fig. 4, central panels from
top to bottom). We also have that spacetime deformation
occurs mostly inside the solenoid and spacetime becomes
quickly flat outside the solenoid.
The total magnetic potential a ¼ anr þ arel is smaller

than in the classical case since we have arel < 0 on average
(Figs. 3 and 4, right panels). In general relativity, the
electric current produces both magnetic and gravitational
fields, leaving less energy to the former than it does in
electromagnetism on flat spacetimes. These metric poten-
tial wells will produce light deflexion as well as gravita-
tional redshift which will be maximal for a light source
located at the origin of coordinates. For an observer located
at spatial infinity (where gtt → 1) and a source located at
the origin of coordinates, the gravitational redshift is simply
z ¼ 1 − expð−ρð0; 0Þ=2Þ, and is of the order of magnitude
of the magnetogravitational coupling CI (see also Fig. 5).
The precision achieved by optical lattice clocks in the
measurement of a transition frequency is of the order 10−15

[17]. Achieving such a gravitational redshift with single-
layered solenoids would require CI ≈ 10−15; i.e. for an
electric current of 103 A, n ¼ 100 it would require a
solenoid length of about 1011 m. Gravitational redshift
therefore does not seem to be appropriate to detect
gravitational fields artificially generated by coils with
current superconducting technology. As we shall see
further, Michelson interferometers with Fabry-Pérot
cavities will be more appropriate to attempt such detection
of artificially generated gravitational fields.
Figure 5 illustrates how the gravitational redshift z

evolves with the magnetogravitational coupling CI
Eq. (16). For CI ≪ 1, the redshift z varies linearly with
CI while a spacetime singularity appears at the center of
coordinates, ρð0; 0Þ → −∞ (z → 1) when CI → ∞.
We can now focus on the relativistic effect of the

deviation of light by an electric current, through the

FIG. 3. Metric components and relativistic part of the magnetic potential for the current loop for CI ¼ 1. Left panel:
gtt ¼ −r2gφφ ¼ expðρÞ. Central panel: grr ¼ gzz ¼ expðλÞ. Right panel: arel.
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FIG. 2. Right-hand side of Eq. (15) (in logarithmic scale) at the
end of the relaxation algorithm (case of a solenoid with L ¼ 0.1
and CI ¼ 1).
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Pr André Füzfa, Université de Namur.

par Adrien Dewez

Espace-temps: et si on générait un champ gravitationnel artificiel en

laboratoire ?

Générer des champs gravitationnels à volonté: de la science-fiction? Pas pour le physicien André Füzfa, professeur à
l’Université de Namur. Le chercheur du Laboratoire des systèmes complexes (« Naxys ») propose une méthode théorique
pour créer de tels champs sur Terre… avec des moyens technologiques à notre portée.

 

« D’une certaine façon, étudier la gravité est une activité contemplative », indique le
chercheur (dans la revue « Physical Review D »). « La gravité est étudiée sur des
masses « tests » comme la Terre, le Soleil, ou tout objet astronomique suffisamment
massif pour déformer l’espace-temps dans son entourage. « Les physiciens se
limitant donc à étudier ces sources naturelles de gravitation »,  note-t-il. Il propose
aujourd’hui de générer en laboratoire un tel champ gravitationnel. Comment?

 

Les aimants supraconducteurs comme outils de travail

 

Le principe d’équivalence d’Einstein lié à la Relativité générale postule que « toute
forme d’énergie produit de la gravitation ». Ce qu’on maîtrise le mieux, aujourd’hui,
c’est la production de champs magnétiques intenses et continus. Par exemple dans
des laboratoires comme le CERN ou encore ITER, dans le sud de la France.

 

Au CERN, d’imposants électroaimants guident les paquets de protons tournoyant
quasi à la vitesse de la lumière dans le LHC : le Grand collisionneur de hadrons. Au projet ITER, le champ magnétique
énorme qui y sera produit maintiendra quasi en lévitation le plasma du réacteur de fusion nucléaire actuellement en
construction.
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Scientist Claims We Could Manipulate Gravity
With Current Technology
January 12, 2016 | by Alfredo Carpineti

photo credit: Even an apple generates a gravitational field. Mopic/Shutterstock

There are only a handful of science-fiction movies that actually show what moving about
inside a spaceship would really be like. In most flicks, they use a type of "artificial gravity"
that is never fully explained. Now, a new paper accepted for publication in Physical Review
D might turn that science-fiction idea into a reality.

Professor André Füzfa, from the Universite de Namur in Belgium, thinks we have the
technology to create and manipulate weak artificial gravitational fields. The claim is bold but
grounded. Füzfa has calculated that by using very strong magnets, it’s possible to create
tiny distortions in the space-time.

Albeit small, the effect should be strong enough to be detectable with current instruments
(but would only be relevant for particles). The dream of having artificial gravity on a
spaceship is still in the distant future, but being able to produce gravitational fields would
turn the study of gravity from a passive to an active science. 

Our ability to manipulate fundamental forces, especially electromagnetism, has had a huge
impact on our way of life, so learning to create small gravitational fields could have
long-lasting consequences for our technological development.

The theoretical starting point of Füzfa's research is the equivalence principle. The principle
states that the force experienced by an observer in a gravitational field (like you on Earth) is
equivalent to the force experienced by another observer in a non-inertial field (an astronaut
in an accelerated spacecraft). In simple terms, if you were in a room with no windows, you
would not be able to say if you were in a gravitational field or the room was accelerating in
the direction of the ceiling.

The equivalence principle tells us that every mass and every type of energy are affected by
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and generate gravity, so it should be possible to create gravitational fields using intense
magnetic fields. Thus, Füzfa performed detailed calculations solving Einstein’s general
relativity equation around a powerful looping electromagnet, and the solution indicates that
the effect is small but significant. More importantly, he suggests that an experimental set-up
could be carried out with current technologies.

Although the envisioned experiment is possible, it would require a significant investment.
The magnetic fields need to be generated over many days using layers upon layers of
superconductive magnets, as well as sophisticated and sensitive laser systems that can
detect the small variation in gravity within the magnets.

The paper will definitely challenge people into taking another look at the relationship
between electromagnetism and gravity. And while we might not be closer to the gravity
machine, we might be getting closer to at least understanding gravity. 
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The radical plan to manipulate GRAVITY:
Researcher reveals scheme to create and
control gravitational fields using current
technology

Mathematical proposal aims to unlock new era of experimental gravity
Researcher says current technologies could let humans to control gravity

Experiment could put Einstein's theory of relativity to the ultimate test 

By CHEYENNE MACDONALD FOR DAILYMAIL.COM

PUBLISHED: 23:55 GMT, 8 January 2016 | UPDATED: 00:49 GMT, 9 January 2016

Creating artificial gravitational fields that humans can manipulate and observe may seem like an
idea from science fiction, but one researcher is now looking to turn the concept into a reality.

André Füzfa from the University of Namur has proposed a method that would allow humans to
control gravity, and says it’s achievable with current technologies.

In the mathematically supported proposal, Füzfa describes the device which would take on this
task, and be used to observe how magnetic fields bend space-time.

Scroll down for video 

André Füzfa from the University of Namur has proposed a method to produce and detect gravitational fields,
and says it’s achievable with current technologies. 

The paper, How Current Loops and Solenoids Curve Space-time, expresses the scientist’s
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Can we use magnetic .elds to make and
manipulate gravity?
Published: Jan. 8, 2016 at 4:32 PM

Brooks Hays

NAMUR, Belgium, Jan. 8 (UPI) --

NAMUR, Belgium, Jan. 8 (UPI) -- André Füzfa, a math professor at Namur University in Belgium, wants researchers
to take a more aggressive approach toward the study of gravity.

In a new paper, accepted for publication in the journal Physical Review D, Füzfa calls for scientists to use magnetic
Uelds to make, measure, manipulate and use gravitational Uelds -- both for scientiUc study and technological
innovation.

Currently, scientists are content to study gravity passively, observing the gravitational forces of Earth and other
large bodies in space -- stars, black holes, planets, dwarf planets, comets, asteroids.

Füzfa wonders: Why travel so far from home, when we can make gravity right here in our backyard?

If scientists could create controllable gravitational Uelds, they could bend space-time and test Einstein's theory of
general relativity.

The manipulation of matter and high-energy particles using particle accelerators has resulted in a number of
game-changing revelations. Füzfa says a similar approach to gravity could be equally revealing.

In his paper, Füzfa, a physicist and cosmologist, offers a mathematical framework for a gravity-manipulation
device.

"Until now, a scientiUc advance like this was a dream of science Uction, but it could open up many new
applications tomorrow," ofUcials write in a press release.

"For example in the Ueld of telecommunications with gravitational waves: imagine calling the other side of the
world without going through satellite or terrestrial relays!"

© 2016 United Press International, Inc. All Rights Reserved.
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1 sur 1 9/03/16 09:46

India World Videos Photos Cricket Movies Auto Sports Lifestyle Tech Education Business Cosmopolitan

NEWS MAGAZINETV Search

News PTI feed

January 11, 2016 | UPDATED 10:42 IST

London, Jan 10 (PTI) Scientists have proposed a revolutionary device which they say could
create detectable gravitational Beld, an advance that may transform physics and shake up
Einsteins theory of general relativity.

Until now, a scientiBc advance like this was a dream of science Bction, but it could open up
many new applications such as telecommunications with gravitational waves that would
allow calling the other side of the world without going through satellite or terrestrial relays,
researchers said.

At present, scientists study gravitational Belds passively. They observe and try to
understand existing gravitational Belds produced by large inertial masses, such as stars or
Earth, without being able to change them as is done, for example, with magnetic Belds.

This led Andre Fuzfa from Namur University in Belgium to attempt a revolutionary approach
- creating gravitational Belds at will from well-controlled magnetic Belds and observing how
these magnetic Belds could bend space-time.

In his study, Fuzfa has proposed, with supporting mathematical proof, a device with which
to create detectable gravitational Belds.

The device is based on superconducting electromagnets and therefore relies on
technologies routinely used, for example, at CERN.

Although this experiment would require major resources, it could be used to test Einsteins
theory of general relativity.

If successful, it would be a major step forward in physics - the ability to produce, detect and,
ultimately, control gravitational Belds, researchers said.

People could then produce gravitational interaction in the same way as the other three
fundamental interactions (eg electromagnetic and strong and weak nuclear forces),
ushering gravitation into a new experimental and industrial era.

The research was published in the journal Physical Review D. PTI MHN SAR SAR

Device to produce, detect gravitational
2eld in the of2ng!
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Can we use magnetic fields to make and
manipulate gravity?
by Brooks Hays
Namur, Belgium (UPI) Jan 8, 2016

André Füzfa, a math professor at Namur
University in Belgium, wants researchers to
take a more aggressive approach toward the
study of gravity.

In a new paper, accepted for publication in
the journal Physical Review D, Füzfa calls for
scientists to use magnetic fields to make,
measure, manipulate and use gravitational
fields -- both for scientific study and
technological innovation.

Currently, scientists are content to study
gravity passively, observing the gravitational
forces of Earth and other large bodies in
space -- stars, black holes, planets, dwarf planets, comets, asteroids.

Füzfa wonders: Why travel so far from home, when we can make gravity right here in our
backyard?

If scientists could create controllable gravitational fields, they could bend space-time and
test Einstein's theory of general relativity.

The manipulation of matter and high-energy particles using particle accelerators has
resulted in a number of game-changing revelations. Füzfa says a similar approach to
gravity could be equally revealing.

In his paper, Füzfa, a physicist and cosmologist, offers a mathematical framework for a
gravity-manipulation device.

"Until now, a scientific advance like this was a dream of science fiction, but it could open
up many new applications tomorrow," officials write in a press release.

"For example in the field of telecommunications with gravitational waves: imagine calling
the other side of the world without going through satellite or terrestrial relays!"
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Scientist develops method to manipulate
gravity. Are gravity weapons next?!

By Marshall Connolly, Catholic Online (CALIFORNIA NETWORK)

1/12/2016 (3 months ago)

CALIFORNIA NETWORK (https://www.youtube.com/c/californianetwork
(https://www.youtube.com/c/californianetwork))

Scientist thinks he has discovered means to manipulate gravity.

A scientist has developed a method to manipulate gravity, at least theoretically. Furthermore, we
could accomplish his vision using existing technology. Such a breakthrough could eventually lead to
large-scale manipulation of gravity, but to what effect?

LOS ANGELES, CA (California Network) - According to the Daily Mail, Andre Fuzfa from the
University of Namur in Belgium has developed the mathematical formulas as well as the device that
could manipulate gravity. Such a contraption could allow scientists to test Einstein's Theory of
Relativity in a new way. It could also be developed further to manipulate gravity on a larger scale,
which could have incredible applications, both good and bad.

In a paper published in the journal Arvix, Fufza explains his idea that electromagnetic energy could
be used to create artificial gravity which could be switched on or off at will. The technology would
need to be built first, and is thought to be prohibitively costly since it would consume massive
quantities of energy to work.

Find your Patron Saint Medal now (http://catholicshopping.com/collections/patron-saints-medals-a-z?utm_source=CS&utm_medium=COL&Article&utm_content=25%25%20Patron%20Saints

However, a working prototype could eventually be refined and miniaturized, as we have successfully
done with every other technology. Artificial gravity would eventually lead to very practical uses, such
as to create Earth-like gravity (1G) on space stations and in other low-gravity environments. The lack
of gravity is what causes astronaut's muscles to atrophy over many months. In an environment of
artificial gravity, this would no longer be a problem, allowing astronauts to live and work in space for
as long as they choose.

Long-range space travel could become much more practical.

Alternatively, artificial gravity could save the planet, should a threatening celestial body approach.
The target comet or asteroid could simply be pulled off course and redirected.

Gravity occurs naturally and is bent by massive

objects. But what if we developed the means to

create gravity ourselves, turning it off and on?
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However, artificial gravity could also be developed to destroy. Imagine a weapon that bends
gravitational fields used against a city? Or what happens if a mad scientist or a rogue state finds a
way to terrorize the planet? Less likely certainly, but look at how we have turned nuclear power from
a potentially liberating power supply to a weapon of absolute destruction.

Alfred Nobel invented dynamite to help mining operations, not to create high explosives for war.
Likewise, Einstein didn't develop his formulas to build a weapon.

It's unlikely that Fufza's device will be built anytime soon, but his paper will be peer reviewed, and if
it has merit, it could someday become the basis of further research --and development.
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Les champs gravitationnels atteignables 
avec notre technologie 
sont extrêmement faibles!



Des aimants gigantesques 
ou superpuissants
Quel taille d’aimant pour une amplitude 

d’une onde gravitationnelle h~10-22

avec une intensité de 10 Tesla?

Titan

Rayon de l’aimant~2500km
Courant total ~ 1013 Amperes



Générateurs

Détecteurs

Maîtriser la gravité: 

Un enjeu de physique 
de haute précision!



Un défi de détection

Electroaimant de CMS (CERN)

Détecteur d’ondes gravitationnelles 
(LIGO)

Générateur :

ΔL/L= 10-24 / heure

Détecteur: 

ΔL/L= 10-23 /ms



Starfleet utilise-t-il 
des générateurs 

magnéto-gravitationnels ?

USS Enterprise

Anneau de 
courant électrique



USS Enterprise

L’USS Enterprise et son champ 
de pesanteur artificielle

Calculs basés sur Physical Review D 93 024014 (2016)



L’USS Enterprise et son champ 
de pesanteur artificielle

Niveaux de 
pesanteur 

(g=9.81m/s2)

USS Enterprise



Star Trek en relativité générale

USS Enterprise

Pour un générateur de 1g de 500 m de diamètre:
- Intensité totale du courant: 1017 Ampères

- Champ magnétique ~109 T



Pourrait-on faire aussi bien 
qu’en science-fiction?

La gravité est la plus faible des forces…



Une gravitation 
à intensité variable?

Pulsars binaires : 
OK à 1/1000 près

Système solaire : 
OK à 1/100 000 près

Accélération de 
l’expansion cosmique 

à cause d’une augmentation de G?



Dimensions 
supplémentaires

Gravité quantique
Energie du vide

Non 
localité

Violation du 
principe 

d’équivalence Matière 
sombre

Energie 
noire

Inflation

Variation des 
constantes

Unification des forces

Nouvelles particules



Des électroaimants pour…
ouvrir de nouvelles dimensions

Théorie de Kaluza-Klein (1921)

Loin de l’aimant
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5ème dimension

Dans l’aimant Près de l’aimant Sur l’axe
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Physique des particules

Etude active de la 
gravitation



“Pour éviter de reproduire les excès du 20ème

siècle, il nous expliquer la Terre à nos enfants, 
au lieu de prétendre que l’on peut la quitter”

(Interstellar, 2014)



L’Univers n’est pas seulement 
plus étrange qu’on ne l’imagine 

Il est aussi plus étrange que 
nous ne pouvons l’imaginer

Haldane / Eddington / Clarke



A Hubert Reeves

Avec toute ma 
profonde gratitude,

André Füzfa



Le principe d’équivalence d’Einstein

Pesanteur

accélération



Vitesse constante

Pourquoi l’Empire Galactique a perdu la 
guerre



Pourquoi l’Empire Galactique a perdu la 
guerre

Accéleration constante



Dilatation du temps et GPS





Star Trek

On engage:

Ingénieur(e)
gravitationnel

Retour vers le futur


