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“La Terre est le berceau
de ’humanité,
mais on ne reste pas au berceau
toute sa vie”




Distance Terre — Soleil : Pluto
1 Unité Astronomique (UA) =150 000 000 km |

Neptune
SUN - A teroid |

U

= J0UA

Distance Terre-Neptune:
4,5 milliards km = 30 UA



Distance Terre - Voyager-1: 15 milliards km
.- (100 Unites astronomiques) =~

Heliopause
. S

Galactic
Cosmic Rays

N

9
" # Pioneer 11 ___H“' -
I-I.-...-.

1hrnﬁnaﬂun
Shock

: /
. Bow Shock . -Vitesse moyenne de Voyager:

72 000 km/h-eu 20 km/s



Voyager-1 has probably left behind

the Kuiper belt (radius ~50 AU),
but is still well inside

the Qort cloud of comets (radius~50 000 AU) %

The Oort Cloud
(comprising many
billions of comets)




5115

Frocyan
L Lyken's 4
Star

LTI

Etoile la plus proche

(Proxima Centauri)

(=260 000 UA

=4.3 années-lumiére) :
L 37258

Foss

128

walf
359

‘= Eridani

39 000 milliards km -

10 Light “'ears
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21185
Strve
2393
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Sun - |otar *E1 Cygni
| : Rossl :
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154 R
alachc Centre
Pour atteindre les etoiles
dans un délai raisonable
L (~40 ans) il faudrait
L:726-8: : ]
. ¢ L7838 une vitesse de ~0.1C
. Lacalle 30 000 km/s

. & *9952
cceti L7532 gind



ROCKETS

The higher the exhaust velocity v, and the mass of the propellant M
the higher will be the velocity VR of the rocket of payload m

Vg = v, In(M/m)

Hucket\Budy
..--"/I_ _____ R
7 -
Fuel Propellant
@ <. Payload —
A jymoa : (Energy) M>>m

E="% Mvez=aMc2 =

An efficient energy source is required, to convert a fraction @ (efficiency)
of the mass of the propellant into kinetic energy ( i.e. large exhaust velocity) of the propellant

The more efficient the energy source, the larger the exhaust velocity

ve=\/2ac2

and the faster the rocket will be




: Specific Impulse | Thrust-to-Weight
Propulsion Type sec] Ratio
Chemical
g, . _
Bipropellant 200 - 410 1 -10
Electromagnetic 1200 - 5000 10 - 107
Nuclear Fission 500 - 3000 01-10
Nuclear Fusion 0™ - 10™ 107 - 107
Antimatt
o 1073 - 1078 107 - 1

Annihilation




Nuclear reactions

Fission

© Proton

) Neutron
Deuterium
On D

Alpha
Particle

0 Neutron
n

Efficiency ~a few 104 Efficiency ~ 103



Maxwellian Fusion Reactivities (2E;,  .GV)

i u-‘l 9
3
DT / D’He
1021 s

- ~
o
S LS

10 100
lon Temperature (keV})

Reactivity (MeV-m7/s)

‘He (3,5 MeV) n (14,1 MeV)
He (0,82 MeV) n (2,45 MeV)

T (1,01 MeV) H (3,02 MeV)
*He (3,6 MeV) H (14,7 MeV)




Nuclear Concepls

Frofect Orion
19598-1965
Ted Taylor; et al.

102-103 1
payload
& crew Vols habités
a 'intérieur
103-104 Isp du systéme
/ Accel = 1g solaire
% 107215103 T
, Fission
s explosions
~5fsec
*

(- o4 E545T




PROJECT ORION

POWERED FLIGHT CREW

STATION [SHELDED) -

CREW ACCOMODATION MODULE
STRUCTURAL SPINE — I
BASIC S TRUCTURE mgfjrfﬁr
INCL UDING PULSE-UMIT 21
DELIVERY STSTEM —— -
SECONDARY T
SHOCK ABESDHREBEER
BASIC NUCLEAR
PUL SE PROPUL SION

FHIMARY MODLALE
SHOCK, ABSORBER l

I — Y.
PUSHER PLATE .T.

. e S TANDOFF

EJECTED PULSE UNIT NS TANCE
FOINT OF DETOMS TIOMN — —— *




" Nuclear Concepts
] Project Dasadaius

1973-1978
gritish Interplanctary
Society
ottt
aas 1fu
iyl Stage Raylod
F—
S 106 Isp
12% Light
speed
Micro-Fusion
explosions
~ 250/sec

36 YEARS' Intersteliar fly-by

* 'Waos 50 yeas o Bamord s sior =5 00 i o B
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15t STAGE

PROPELLANT TANKS

PROPELLANT TANKS

4 000 tonnes

de D et He3

46 000 tonnes
de D et He3










HYDROGEN - - ANTIMATIERE

E N
prott;n. ,electron
' I

Y WG
N
. |
antlprd\t.-l-l positron LOST ANTIPROTONS
i y’ WITH WRONG ANGLE
ANTIHYDROGEN ~ Lo
PROTONS > Q‘NJ"Q‘PROTONS
TARGET \ ENERGY
Elle n’existe pas MAGNETIC %EQ%.%E{
dans la nature ACCELERATOR
|l faut la produire ;:.E%:’g%m
au labo
en depensant ———
(beaucoup) N ANTIPROTON

DECELERATOR

de I’énergie..

LOW ENERGY
ANTIPROTONS




CAPACITE DE PRODUCTION / STOCKAGE D’ANTIMATIERE

10-©
W
£
o
=
S,
S 1077
D
S
Q
w)
<
= 8
'~ 10
£
o
=
S
<<
109~
7998 7999-2000 > 2000
Current Main injector Iimprove
Capability comes on-line production &

collection
efficiency

10-8 gr par an pour 108 $
- Stockage en grandes quantités ?



RINGN
ELECTR

!

CAP ELECTRODE
ELECTRIC
FIELD FORCES , . .
e X ) Stockage d’antimatiére :
ot :.o '...0... RING
O, 0d P % LECTRO .
vale Penning trap
CAP ELECTRODE
MAGNETIC FIELD l

Magnetic field
3

Penning-Trap

magnetron (-) cyclotron (+)

e

Electrical field

O lon

ve: cyclotron frequency g charge ofthe ion  m:ionmass B magnetic field strength
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Crew

ICAN-II Spacecraft Module

Antiproton catalyzed

Radiation
micro fission-fusion Ahield
(ACMF) Radiation Shield/
Power Collector Pellet
Storage .
. Shock |
Engme Absorbers Feed ‘h

Lines

~4D‘

‘.‘ |
L \‘;l‘l\‘ﬁk ~
,EELA ﬁﬁiili\ WS g |

o
A Ve ‘ s
~ ' “‘ ‘ ? 7
Maneuvering a
- 3 1 H
Thrusters ) Antiproton
Storage Ring
10 meters |
Comm.
Unit . 4

Docking
Bay

Manned mission :
1.5 year round trip to Jupiter + 90 days stay
1 ug of antimatter required




SOLID CORE GAS CORE
Isp = 800-1000 Ibf-s/lbm Isp = 1000-2500 Ibf-s/lbm
Efficiency > 80% Efficiency < 60%

Direct use of antimatter :

Tungsten Cors

to heat a propellant Isp = 5000-100000 Ibf-a/1bm
Efficiency << 60%

agnet Coils

or to provide thrust
(beam core concept)

MAGNETIC NOZZLE



BEAM CORE
ANTIMATTER
PROPULSION




Spaceship DISCOVERY (2001, a Space Odyssey)




systems

Hydrogen Clumps, I _ceantauri

Birthplace of
Solar System Comets rown Dwarfs and Beyond
45-40LY

Boundary &
100,000 AU 10 - 100 yrs

Interstellar Medium

Oort Cloud,
10,000 AU

Heliopause,
Kuiper Belt,
Interstellar

Medium
1,000 AU

4 Medical / Industrial Applications \

» Imaging & Treatment - e.g., Detect & Destroy Cancer Tumors

+ Basic research

Additional Space Applications

* 4-Month R/T to Mars - Deliver/Retrieve 100 M-tons (TAU)
+ < 4-Weeks travel to any place in the Solar System (TTAU)

Basic Science Return
\_ J




INTERSTELLAR
LASER SAIL



, Requires construction of
giant lenses (diameter > 100 km) in space,
to focus the laser beam on the sail




Beamed Propuision Concepls

Laser Light Sail

1984...
R. Forward, et al

% 107 GW Laser
\ﬂuﬂ]]:ﬁ:lﬂh'l

Fresnel Lens

P = 103 km - % X
' \ Laser Sail | )
102 km

i YIEARE e voey




INTERSTELLAR FLYBY INTERSTELLAR RENDEZVOUS

. : 1st Stage

Transmitter Transmitter g

Laser L :
(1 5 m) Optics Ugser Optics (1000 km Dla.)
-9H (0.5pm) Accelerated

Out of System

Light Sail

Coast

Rest
100 km o Sfay 300 km Light
Diameter 1000 km Diameter Sail
to Star 2nd S (300 km Dia.)
Diameter nd Stage m Dia.
Stops at Star
« Advantages r

* Perform interstellar missions in 50 - 100 years

* Only competitor is antimatter

» Use as a solar sail once in orbit about target

* Use solar power satellite as driver for robotic flybys

» Disadvantages
» Very high laser / microwave powers (0.1-1,000 TW)
* Very large optics (100-1,000 km)



Selon R. Forward
(1985)
on pourrait méme
utiliser le faisceau
laser pour décelerer
le vaisseau, puis le
ramener a nouveau
vers le
Systeme solaire

PARALENS

—— °
PARALENS
LASER o
G
DECELERATOR

STAGE

¢ ERIDANI
o

LASER ACCELERATOR
STAGE
9
100 km
@ RETURN
STOPPING STAGE
PHASE « ERIDANI



Fuel from Space

intarstailar Ramjet
1960, A. Bussard, et al.

103 krn effective Path of
_ intake radius trapped
Solenocid lirnit proton
magneatic
SCOOp

Advantage: Ramjet can accelerate as long as it finds fuel on its way
Only concept able to reach relativistic velocities




DISTANCE (Annees—Lumiere

1010 Univers Observable
10°
108 Amas de la Vierge
107 |
108 Andromede (M31)
108 Nuages de Magellan
104 Centre Galactique
108 [ Betelgeuse
102 Performances d’un vaisseau relativiste,
10! avec accelération continue de 1 g

10 20 30 40 o0
TEMPS (Annees) abord du vaisseau



Collector

Head
Compression Command ~ Power
Assembly Antenna — | Distribution
Habitation Section |

Igniters

|.

Fusion Fusion Shield
Exhaust Assembly Precompressor

500m

En raison de la faible densité du milieu interstellaire, le ramjet devrait accélére\r
a 0,06 c par d’autres moyens avant d’étre opérationnel



INTERSTELLAR
RAMIJET

Interstellar medium is neutral ;
lonization (by a laser beam)
is required for mass intake

by the magnetic field

p+p reaction toq slow;
D and He-3 : OK, but
D/H = He3/H =10



= Need to achieve at least 0.1c
« Bequired energies and power levels 5-100 times current world ouiput
= Jaturn ¥ at liftoff represented 0.2% of world power in 1969

FISSI0ON COMEINATIONS

Fission Antiproton-Catalyzed o

Fragment Micro-Fission I Fusion [h 1
“Pocked™ | _ B ]

FUSION

Inertial

Confinement
Fusion [1CF)

ANTIMATTER
Beam-Core % Bussard Intersteliar (|
Antimatter Rocket Ramjst A4
e f" }- +|'|.- Hos
BEAMED ENERGY | MOMENTUM _ —ee—— ,.:jf-?.{,g_{’ -
Laser Lightsall taser et [l | A
S e e R ~ A [ -
| "} o hew i -
Relatavistic Panticle Beam “ =~ ) Y Ma o] -
o SR T _H:f am-Sicoop

Linear Accelerator o~



INTERSTELLAR TRAVEL IS DIFFICULT...
Total world power produced today is not sufficient to propel a 100 ton payload
to the nearest stars in a few decades

1960 1980 2000 2200 2400
o0 f '~ T T T AT
- POWER (TeraWatts) .
1000 ¢ ’._..'" /./
: 2 Zor" )
- F >
100 e 1%
F I).. d'"".
World " Daedalus
o I1st stage

0.1
+Saturn :at Iiftl-off : 0.5% of world power

1960 1980 2000 2200 2400

...BUT NOT IMPOSSIBLE !
With a ““reasonable”annual increase (1% or 2%) of our power production,
we should be able to undertake it in a few centuries...



A NOVEL OF THE FUTURE COMPLETE IN THIS ISSUE!

Les arches de I’'espace

Vaisseaux - mondes

Vaisseaux de géneéerations

Masses :
plusieurs millions/milliards de tonnes

Energie / puissance des moteurs : |
Plusieurs milliers de fois
supérieure a celle de notre civilisation
aujourd’hui






“Fiction iS O tan sos-ficton,

in some ways... You can stretch people’s

S | RENDEZVOUS
fhe future. which is very important in an age ’ > ‘ g WITH ' R AM A

where things are changing rapidly.” L—
. A "

Arthur C. Clarke

. monnnwamrum-cmod.-&.m ‘

SFawards

mer cylindrigque pale nord
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Comment traverser les
distances interstellaires ?

(quelques années-lumiére
en quelques décennies...)

Le moteur “warp-drive”
du vaisseau Enterprise
pourrait étre la solution...



Zero Point Energy

{(Emerging science, 19<8...}
Whet?

« Random Electromagnetic waves remain after all energy is removed

* Enormous energy density: 1024 to 1098 Joules/ms3
« Theorized to indirectly cause gravity and ineria

Why?

« As dn energy sourcear
* As d reactive medium?

Evicience?

« Casimir Effect

nrenAafanafnafinnone noonn Ooanrnanngnn
SASARISA AR RA T TATINASINA T % EAPAYARAPAEI ISR A EL AT

Casimir Effect Evidence
MNel pressure rom excluded wavelen gihs

Mais on ignore combien d’énergie le vide contient
ou comment on pourrait I’eéxploiter



Depuis Einstein on sait que I'espace(temps)
se courbe en présence d’une masse

Les Trous de Ver sont de “raccourcis”

dans I’espace, de solutions des
équations de Relativité Générale




General Relativity

Worm Hole Tunnels by Inertial Drag
Morris & Thorne, 1988

A jump through "hyperspace” 77

Requires rings at each end:

» Rotating near speed ¢
® Hlﬂhl'f charged
ltra dense

£3
L

L
Comment stabiliser le trou de ver ???

Energie negative nécessaire (1?!?)



Faire “plier’ I'espace ? (M. Alcubiere 1995)

>

BUBBLE

1o




John HL
Glenn Breakthrough Propulsion Physics Project

llesearl:h

Emerging Clues
Just a few samples of provocative developments from recent scientific journals

“Wormholes” Quantum vacuum energy “Warp Drives”

Anomalous expansion Anomalous gravity effects Superluminal
rate for the universe with superconductors quantum tunneling

W_T;._
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