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Presenter
Presentation Notes
Great time to be an Engineer


Alternatives Beyond Chemical Rockets

e |t’s a grand time to be an Engineer

* Challenges
1. Exit from this Gravity Well

2. Travel Time
Interplanetary and Interstellar

 Examine traditional technologies
Throw, Sail, Rocket

 Explore Novel Strategies
Nuclear, Mega-structures, lon & Plasma, Exotic Physics



Propulsion Power Sources

Chemical Rocket
Nuclear
Beamed

Space Sails
Exotic Physics

(160M hp)

Fission, Fusion, Thermal, Fragment
Laser, Maser, Particle, Magnetic
Kites: Solar, Light, Beams

Anti-matter, Fusion, ...



Facts to Remember

Specific Impulse () Units of time.
Duration 1 Kg (Ibm) of fuel can accelerate 1 Kg (lbm) of mass at 1 g.

LEO Orbital Velocity ~7.5 km/s (Shuttle)
Earth Escape Velocity (V,)  11.2 km/s
Lunar Escape V.., 2.4 km/s 7
Earth/Moon V., 42.1km/s 1
LEO Altitude ~100-1,200mi ! |
orbits C.. D ~160 - 2,000 km L
Coulomb force Electric llu N
Lorentz force Electromagnetic -"".R - ;'f.
1 gm UZ» 29 tons of TNT AN C -
(rice grain) (tractor-trailer load) ey P
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Presenter
Presentation Notes
U235 => ~8.2 x 1010 J /g;  TNT => ~2.8 x 103 J/g  U235 / TNT => scales as ~30,000,000


Alternatives Beyond Chemical Rockets

e Rockets & Jets

Chemical, Nuclear, Ramjet

e Launch Structures
Catapults, Elevators, Fountains, Loops, Tethers ,Piers

e Sails
Laser, Maser, Particle, Light

e Hybrids

Catapult, Scramjet, Nuclear

e Exotic Physics & Reactionless Drives
Field Drives, Warps & Wormholes, GR/EMF Couplings, (A-word)



Alternatives Beyond Chemical Rockets
Rockets & Jets

e Chemical (Apollo — 160M hp for a few minutes)
 Nuclear (200 Men to Mars & Back in 4 weeks)

e lon & Plasma (Continuous Thrust for Months & Years)
e Interstellar Ramjet



Rockets & Jets - Chemical

e We know the technology, its efficient, we have the
infrastructure, and it works (most of the time).

SpaceX Dragon Capsule approaching ISS



Presenter
Presentation Notes
Merlin is the RP-1 & LOX 150:1 Th/Wt ratio Falcon ‘n’ launch engine. 
Draco is the (hydrazine) reaction control system, shown here.
The SuperDrco may land us on Mars. 

SpaceX Dragon Capsule firing one of its eight Draco rocket engines for attitude control as it approaches the International Space Station (ISS).

Six other aerospace companies also are maturing launch vehicle and spacecraft designs under CCDev2, including Alliant Techsystems Inc. (ATK), Blue Origin, The Boeing Co., Excalibur Almaz Inc., Sierra Nevada Corp. and United Launch Alliance (ULA). For more information, visit www.nasa.gov/commercialcrew.


Rockets & Jets - Chemical

Skylon — Privately funded, single-stage-to-orbit (SSTO) vehicle designed
to take off and land from a runway, delivering up to 16.5 tons to orbit.
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Rockets & Jets — Chemical
10 Commercial Spacecraft

Dragon SpaceX cargo & crew capsule for SSI atop Falcon 9 (“12)
CST-100 Boeing Apollo-like space capsule for ISS (‘16)

Dream Chaser  Sierra Nevada’s space plane (‘16)

Space Vehicle Jeff Bezos’ secretive Blue Origin 7-pax Crew Capsule (‘18)
Liberty Launch ATK'’s booster (‘15)

Stratolaunch  Air-launch venture by Paul Allen & Burt Rutan (‘16)
Space Habitat Bigelow Aerospace space stations w/ Boeing and SpaceX
Suborbital Craft Armadillo Aerospace (John Carmack) @$110,000 /seat.
SpaceShip Two Virgin Atlantic’s suborbital tourist plane (‘14)

Lynx XCOR Aerospace suborbital craft @ $95,000/seat


Presenter
Presentation Notes
Lynx - $95,000 per seat for sub-orbital flight by end of 2012.



Alternatives Beyond Chemical Rockets
Rockets & Jets

e Chemical (Apollo — 160M hp for a few minutes)

e Nuclear (200 Men to Mars & Back in 4 weeks)

e lon & Plasma (Continuous Thrust for Months & Years)
e Interstellar Ramjet



Rockets & Jets - Nuclear

 USAF Nuclear Jet Engines
NEPA: Nuclear Energy for the Propulsion of Aircraft (USAF)
— Convair X-6 (USAF-1950’s) Nuclear Jet Engine tested in bomb bay

— Project Pluto (USAF,AEC-'57..64) Nuclear ramjet powered cruise missile

 Nuclear Rocket Engines:
— Nuclear Pulse Propulsion (NPP)
— Nuclear Thermal —Fission
— Nuclear Thermal — Fusion (ICF & MCF)

— Multi-modal Nuclear Thermal (Electric Power & Thrust)



Nuclear Jets: NEPA

* NEPA Proof-of-Concept

»  Fission Propulsion in an USAF Aircraft
in the 1950’s. The Convair X-6, a B-36
Peacemaker with a Nuclear Jet Engine

Tredic
miston Systems

iz



Nuclear Jets: NEPA & Pluto

Convair X-6 Project Pluto Nuclear Ramjet

(B-36 Peacemaker) Cruise Missile Proof-of-Concept
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Nuclear Rockets

Nuclear Pulse Propulsion (NPP)

— Project Orion (-'47,ARPA, AEC, G.A.-’58) F.Reines; F. Dyson

— Project Longshot (NASA-'87..88, US Nav Acad) Unmanned probe, ICF ?
Nuclear Thermal — Fission

— Project Rover (NASA,AEC-'55..70) {Kiwi, Phoebus-63..68 (-> Nerva), Pewee}
— Nerva (NASA, US Nav Acad- .’72)

— Project Prometheus (NASA-'03./05) {power for Jupiter type missions}
Nuclear Thermal - Fusion

— Project Daedalus (Brit Interplanetary Soc-'73..78) {ICF, Self-replicating}

— Project |carus (Brit I’'plan. Soc.-’09..2014) {design exercise for morale}

Multimodal Nuclear Thermal Power & Thrust



Nuclear Rockets: Orion

* Project Orion - Nuclear Fission Pulse Drive
* Project Orion — Nuclear Fusion Pulse Drive

INTERMEDIATE
PLATFORM

Ist STAGE
SHOCK ABS.

Em;l STAGE

HOCK. ABS. ‘
— ‘ :
e o 1
NS
-I"'"'.".E:.i-'.- A
4 ‘ T '
g P PAYLOAD
g o — = ) SECTION

PROPELLANT
MAGAZINES

UPPER MODULE ~ -
SECTION (BODY) o 2

PROPULSION
MOOULE
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Nuclear Rockets: Orion

* Project Orion - Nuclear Fission Pulse Drive
Nobel Laureate F. Reines: Fission (1947) Orbital Craft.
800 0.15 Kt shaped nuclear fission bomblets focused on the
pusher plate would raise a 4,000 ton ship to orbit.



Nuclear Rockets: Orion




Nuclear Rockets: Orion

e Project Orion — Nuclear Fusion Pulsed Drive

Freeman Dyson: Fusion 1958 Interstellar Transport;
1Mt deuterium fusion;

8,000,000 ton (8Mt) vessel;

20 km diameter pusher plate w/ 1mm copper plating;



Nuclear Rockets: Orion

= — —

— A T
PP

Star Wars Imperial Star Destroyer
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Trip Times at one Earth gravity Acceleration

One-Way Trips Times at 1.0-g (9.81m/sec?)
Acceleration from Earth to “Inner”™ Solar System

Earth-to-Moon: ~4.0 hours
I_:faﬂh—tn:':—?'n.-iﬂri: 2-10-2 days

_Earth-to-Asteroids: 3-to-6 days
Earth-to-Jupiter: 6-to-7 days
Earth-to-Saturn: 8-to-9 days

9/4/2012



Nuclear Rockets: Orion

e General Atomics Interstellar Arks:
Small 20m diameter 300 ton ship to 400m dia. 8Mt.

100,000 t to Alpha Ceﬁtauri in 133 yrs,
' 1g for 10 days,
flyby only.

21
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Nuclear Rockets

Nuclear Pulse Propulsion (NPP)

— Project Orion (-'47,ARPA, AEC, G.A.-’58) F.Reines; F. Dyson

— Project Longshot (NASA-'87..88, US Nav Acad) Unmanned probe, ICF ?
Nuclear Thermal — Fission

— Project Rover (NASA,AEC-'55..70) {Kiwi, Phoebus-63..68 (-> Nerva), Pewee}
— Nerva (NASA, US Nav Acad- ..'72)

— Project Prometheus (NASA-'03./05) {power for Jupiter type missions}
Nuclear Thermal - Fusion

— Project Daedalus (Brit Interplanetary Soc-'73..78) {ICF, Self-replicating}

— Project |carus (Brit I’'plan. Soc.-’09..2014) {design exercise for morale}

Multimodal Nuclear Thermal Power & Thrust



Nuclear Rockets: Nerva
Nuclear Engine for Rocket Vehicle Application

\ Turbine pump
I

Liquid

hydrogen

Nuclear reactor

Nozzle —
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Nuclear Rockets: Nerva
Nuclear Engine for Rocket Vehicle Application

NOZZLE SKIRT EXTENSION

INTERNAL
__ SHIELD CONTROL NOZZLE

REACTOR CORE

TURBOPUMPS
PROPELLANT LINE

EXTERNAL REFLECTOR
DISC SHIELD
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Nuclear Rockets

Nuclear Pulse Propulsion (NPP)

— Project Orion (-'47,ARPA, AEC, G.A.-’58) F.Reines; F. Dyson

— Project Longshot (NASA-'87..88, US Nav Acad) Unmanned probe, ICF ?
Nuclear Thermal — Fission

— Project Rover (NASA,AEC-'55..70) {Kiwi, Phoebus-63..68 (-> Nerva), Pewee}
— Nerva (NASA, US Nav Acad- .’72)

— Project Prometheus (NASA-'03./05) {power for Jupiter type missions}
Nuclear Thermal - Fusion

— Project Daedalus (Brit Interplanetary Soc-'73..78) {ICF, Self-replicating}

— Project |carus (Brit I’'plan. Soc.-’09..2014) {design exercise for morale}

Multimodal Nuclear Thermal Power & Thrust



Nuclear Rockets: Fusion

Nuclear Engine for Rocket Vehicle Application

 Fusion Propulsion (Rocket or Ramjet) via ICF or MCF

Inertial Confinement Fusion (ICF) Magnetic Confinement Fusion (MCF)

9/4/2012 Advanced Propulsion Systems 26



Inertial Confinement Fusion (ICF)




Magnetic Confinement Fusion

9/4/2012

Advanced Propulsion Systems
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Nuclear Rockets: 10 Fusion Projects

Project Orion [npp] (USAF-'58) {8Mt to proxima in 133 yr. Mars RT in 4 wks}
VISTA [ic] {Mars & return in 5 mos.}

HOPE [mtf]

ICAN I [acmf]

Discovery Il [mcf] (NASA-GRC) {alpha-centari in 125 yr. Jupiter in 118 dy}
Fusion Ship I liec]

Project Daedalus [icf] (BIS-'73-'78) {self-replicating}
Project Longshot [npp,icf] (NASA..88)

Project Prometheus (NAsA-03..05) {power for outer planets}
lcarus (BIS-"09-"14) {morale booster}


Presenter
Presentation Notes
Vista: Mars & Ret in 5 mos.
Discovery II: alpha centauri in 125 yrs; 190t to Jupiter in 118 days using 872t of fuel
Daedalus {self-replicating}
Icarus – Morale booster


Alternatives Beyond Chemical Rockets

Rockets & Jets

Chemical (Apollo — 160M hp for a few minutes)
Nuclear (200 Men to Mars & Back in 4 weeks)
lon & Plasma (Long duration and variable thrust)
Interstellar Ramjet



lon & Plasma Thrusters

Project Prometheus (NAsA-03.705) CANCELLED

Nuclear Electric Propulsion (NEP) powered system for long-duration space
missions beyond RTG capabilities. Evolved NStar Engine used in
Deep Space | and Dawn Mission.

Dawn Mission (NASA-07.715) Ongoing
Exploration of asteroid Vesta and dwarf planet Ceres.

nanoFET (UofM-"10..)
Nano-particle field extraction thruster

Electrostatic (Coulomb) vs. Magnetic (Lorentz)

VASIMR, D54G, MPD, PIT



lon & Plasma Thrusters
Dawn Mission (now at Vesta)

Launched in 2010 by NASA to the asteroid Vesta.

Now departing Vesta for the dwarf planet Ceres.

See online Vesta rotation video here:
http://www.jpl.nasa.gov/video/index.cfm?id=1009
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Presentation Notes
NStar -> Deep Space I -> Dawn

http://www.jpl.nasa.gov/video/index.cfm?id=1009�

lon & Plasma Thrusters
nano-particle field extraction thruster (nanoFET)

* NAaNOFET (uofm-AiAA 2012)

Nano-particle field extraction thruster
(seed interplanetary or interstellar space w/ ad hoc microchip network)
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lon & Plasma Thrusters
Electrostatic (Coulomb) vs. Magnetic (Lorentz)

e Advanced Nuclear Electric Propulsion (NEP)
Coulomb Force vs. Lorentz Force

Meutralizing electron gun \ )
Magnets [} B B \ &

F+ —
- n 2
. Pfﬂ - * I+I —_

A

Election metes - . - = 11

Gun —— - ) " 11
+*

N \ o T
| |,
- Electran . . . ﬁfggtiveréifjatwe Grid

Meutral fuel atarm
# Pastive lon

— 3%

Variable Specific Impulse
Magnetoplasma Rocket
(VSIMR)
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Electric lon Propulsion (EIT)
Asteroid Deflection Tool



lon & Plasma Thrusters
High Power Electromagnetic Thrusters

e Magnetoplasmadynamic Thruster (MPD)
e Pulsed Inductive Thruster (PIT)

ey
e
o
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Presenter
Presentation Notes
[2002 era] 
MPD: a central cathode surrounded by a concentric anode. A high-current arc struck between the anode and cathode ionizes and accelerates a gas (plasma) propellant. Tested w/ 30 MW for 2 msec.
In Self-field versions of the thruster, an azimuthal magnetic field generated by the current returning through the cathode interacts with the radial discharge current flowing through the plasma to produce an axial electromagnetic body force, providing thrust. 
In Applied field-versions of the thruster, a magnetic field coil surrounding the anode is used to provide additional radial and axial magnetic fields that can help stabilize and accelerate the plasma propellant.

PIT: In its basic form, the PIT consists of a flat spiral coil covered by a thin dielectric plate (see the preceding photograph). A pulsed-gas injection nozzle distributes a thin layer of gas propellant across the plate surface at the same time that a pulsed high-current discharge is sent through the coil. The rising current creates a time-varying magnetic field, which in turn induces a strong azimuthal electric field above the coil. The electric field ionizes the gas propellant and generates an azimuthal current flow in the resulting plasma. The current in the plasma and the current in the coil flow in opposite directions, providing a mutual repulsion that rapidly blows the ionized propellant away from the plate to provide thrust. The thrust and specific impulse can be tailored by adjusting the discharge power, pulse repetition rate, and propellant mass flow, and there is minimal, if any, erosion because of the electrodeless nature of the discharge.


Alternatives Beyond Chemical Rockets
Rockets & Jets

e Chemical (Apollo — 160M hp for a few minutes)
Nuclear (200 Men to Mars & Back in 4 weeks)
lon & Plasma (Continuous Thrust for Months & Years)
Interstellar Ramjets



Rockets & Jets — Interstellar Jets

 Bussard Ramjet — Scoop drag greater than thrust?

— A magnetic field a few miles to hundreds of miles in diameter directs
interstellar hydrogen into a constriction to compress as propellant.

— Beamed energy, Fission, Fusion, or Antimatter collecting and heating
the propellant which then ignites in a fusion reaction.

Collector
Head
Compression Command Power
Assembly Antenna — | Distribution

LASER-ASSISTED BUSSARD
INTERSTELLAR RAMJET

; : DEFLECTION
LASER BEAM FIELD
COLLECTOR/CONCENTRATOR 4 _
o
Habitation Section ' _ s | \ /
3:, ¥, ‘-.*"—FF -
—Magnetic s | &
se Torus el 7 st
- | &y = 1L ow
& gt FUSION ENGINE THRUSY @ petertll sTREAM
5 P/ - i
lgniters _ ~J 1 = -
ey B FUSION REACTOR . L1
S, SECTION f\‘; B
Fusion  Fusion Shield oy | £ ,J\ i
Exhaust  Assembly Precompressor "-=--._;,' / 7 N ;F
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FIELD WIRES AND 1/
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Presenter
Presentation Notes
1) Kickstart the ramjet with beamed (laser) energy from Earth,
2) New calculations suggest that the Drag from the interstellar hydrogen will exceed the Thrust of the fusion engine.  


Alternatives Beyond Chemical Rockets

e Rockets & Jets

Chemical, Nuclear, Ramjet

Launch Structures
Catapults, Elevators, Fountains, Loops, Tethers ,Piers

Sails

Laser, Maser, Particle, Light
Hybrids

Catapult, Scramjet, Nuclear

Exotic Physics & Reactionless Drives
Field Drives, Warps & Wormholes, GR/EMF Couplings, (A-word)



Launch Structures

e Space Guns, Catapults, & Mass Drivers
e Space Elevators

e Orbital Rings & Tethers (Tesla-1870')
 Space Fountains

e Launch Loops

Meta-material technology breakthroughs will drive
the engineering of these mega-structures.



Launch Structures
Space Guns, Catapults & ss Drivers

O I

e Space Gun - Chemical

High Altitude Research Project
HARP 16 inch 20m gun shown. The
40m version lofted 180 kg to 112 mi. | .

Escape velocity from a 60 km barrel
requires 100 g’s for about 10 secs.
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Presentation Notes
Acceleration
A space gun with a "gun barrel" of length (L), and the needed velocity (V_e), the acceleration (a) is provided by the following formula:

a = (escape velocity)^2 /(2*barrel length) 

For instance, with a space gun with a vertical "gun barrel" through both the Earth's crust and the troposphere, totalling ~60 km of length (), and a velocity () enough to escape the Earth's gravity (escape velocity, which is 11.2 km/s on Earth), the acceleration () would theoretically be more than 1000 m/s2, which is more than 100 g-forces, which is about 3 times the human tolerance to g-forces of maximum 20 to 35 g[2] during the ~10 seconds such a firing would take.



Launch Structures
Space Guns, Catapults & Mass Drivers

 Space Gun — Light Gas (Hydrogen)

Quicklaunch Commercial Space Gun. Launch at $500 / lbs

$600/kg
@ 7 km/s

Hagh Praggung Coupling

i
N

Prajclie
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Presentation Notes
Acceleration
A space gun with a "gun barrel" of length (L), and the needed velocity (V_e), the acceleration (a) is provided by the following formula:

a = (escape velocity)^2 /(2*barrel length) 

For instance, with a space gun with a vertical "gun barrel" through both the Earth's crust and the troposphere, totalling ~60 km of length (), and a velocity () enough to escape the Earth's gravity (escape velocity, which is 11.2 km/s on Earth), the acceleration () would theoretically be more than 1000 m/s2, which is more than 100 g-forces, which is about 3 times the human tolerance to g-forces of maximum 20 to 35 g[2] during the ~10 seconds such a firing would take.



Launch Structures
Space Guns, Catapults & Mass Drivers

 Mass Driver, Spacegun, Coilgun, Railgun
Chemical or EM catapult (<12 Km/s)

Navy EM Rail Gun Proposed Lunar Catapult
2—-3.5km/s

hu Jan 31 2008 10:49:53.231 508 § 2 g w3~ ~ pe : a®
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Presentation Notes
Rail gun: 2 km/s – 3.5 km/s


Launch Structures
Space Guns, Catapults & Mass Drivers

e StarTram Maglev Mass Driver
Electromagnetic launch with Rocket Assisted orbital insertion.

Gen 1: 130 km at 30 g. Gen 2: 1,500 km at 2-3 g.
V. =8.78 km/s at 10° V. =~8 km/s at 10° (?)
6 km ASL. S43/kg 22km ASL. S43/kg (?)




Launch Structures

e Space Elevator

Obayashi Corp. plans to build one by 2050 for 1T Yen
7.5 day travel time for 30 pax to GEO.

Geostationary Orbit

b
1

Cable

Climber

— Earth
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Space Elevator

Counterweight

Center of mass
for system
{abawe gecdtalionary level)

/
-\

Anchor at equator

“/ North Pole
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Presentation Notes
Yuri N. Artsutanov (1960)
GSO: 35,786 km (22,236 mi)
Usual X competitions abound.�2011: Google X Lab revealed working on  plans
Cable needs 3,080 mi (5,000 km) sustaining length at sea level.
Graphene ribbons may have breaking lengths of 5000-6000 km,
while kevlar, fibregalss & carbon/gaphite have breaking lengths of 100-400 km.
(reduce proton/neutron gravitational mass while in cable)




Launch Structures

* Space Fountain

e Tesla Orbital Ring

S0.05/1bs after S31T investment
or launch of 18 Kt of steel in one
Project Orion type craft.

elevator

':""“.‘h- >
9/4/2012 > Advanced Propulsion S

station magnet

particle stream

elevator
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Presentation Notes
Paul Birch-1982 – Journal of the British Interplanetary Society
Ring is in LEO above equator, rotating at faster than orbital velocity with Stations riding on the ring floating on superconducting magnets and stationary over the Earth. Each station has a short space elevator to the surface. 

Tethers Unlimited, Inc.


Launch Structures

e Lofstrom Launch Loop

$3/kg
East
Launch track station \
2000 km long \
/ East
West deflector

West

incline ~_ Stabilization

cables
West

“ deflector
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Presentation Notes
Above 96% of atmosphere’s mass. Questionable. 


Alternatives Beyond Chemical Rockets

e Rockets & Jets

Chemical, Nuclear, Ramjet

e Launch Structures
Catapults, Elevators, Fountains, Loops, Tethers ,Piers

e Space Sails
Laser, Maser, Particle, Light

e Hybrids

Catapult, Scramjet, Nuclear

e Exotic Physics & Reactionless Drives
Field Drives, Warps & Wormholes, GR/EMF Couplings, (A-word)



Space Sails
_aser, Maser, Particle, Light

Solar Sails & Light Sails

Magnetic Sails & Particle Beam Sails

Fission Fragment Sails

Interstellar Sails

Exotic Meta-material Sails



Space Sails — Solar & Light

¢ I KA ROS - Interplanetary Kite-craft Accelerated By Radiation of the Sun
Launched in 2010 by the Japanese Aerospace Exploration Agency (JAXA)

The adjustable reflectance of s
the LCD’s embedded in the |
200 m2 polymide sail controls [
the craft’s attitude as it sails
to Venus then the far side of
the Sun.
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Space Sails
Laser, Maser, Particle, Magnetic

e Magnetic Sails & Particle Beam Sails
* Fission Fragment

Linear accelerator
MagSail

ail Escaping Sail Cross-Section

Fission . y
Fragments = | Escaping
.o 1’0/00 an g ; @ FiSSion
""" Absorbed @ Fragment
(Stopped) 1
Fission
Fragment N
© Fissioning
ALY : Nucleus
ssseed \ = @
Direction e ©
of Motion Absorber Fission

Layer Layer
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Space Sails
Interstellar Photon Sails

INTERSTELLAR FLYBY

Transr_nitter
Laser Optics

Light Sail
" Coast

Rest
of Way
to Star

INTERSTELLAR RENDEZVOUS
Transmitter 1st Stage
Laser ptics 23% g;agte Accelera%ed

Star Out of System

Retro-Refiected Beam Light Sail
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Alternatives Beyond Chemical Rockets

e Rockets & Jets

Chemical, Nuclear, Ramjet

e Launch Structures
Catapults, Elevators, Fountains, Loops, Tethers ,Piers

e Space Sails
Laser, Maser, Particle, Light

* Hybrids

Catapult, Scramjet, Nuclear

e Exotic Physics & Reactionless Drives
Field Drives, Warps & Wormholes, GR/EMF Couplings, (A-word)



Hybrid
Mass Driver — Scramjet - Nuclear Rocket
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Alternatives Beyond Chemical Rockets

e Rockets & Jets

Chemical, Nuclear, Ramjet

e Launch Structures
Catapults, Elevators, Fountains, Loops, Tethers ,Piers

e Space Sails
Laser, Maser, Particle, Light

e Hybrids

Catapult, Scramjet, Nuclear

* Exotic Physics & Reactionless Drives
Field Drives, Warps & Wormholes, GR/EMF Couplings, (A-word)



Alternatives Beyond Chemical Rockets

e Rockets & Jets

Chemical, Nuclear, Ramjet

e Launch Structures
Catapults, Elevators, Fountains, Loops, Tethers ,Piers

e Space Sails
Laser, Maser, Particle, Light

e Hybrids

Catapult, Scramjet, Nuclear

* Exotic Physics & Reactionless Drives
Field Drives, Warps & Wormholes, GR/EMF Couplings, (A-word)



Exotic Physics & Reactionless Drives

There are more things in heaven and earth, Horatio,

than are dreamt of in your philosophy.
— Shakespeare, Hamlet Act I, Scene V


Presenter
Presentation Notes
Anamolies & paradoxes abound.


Exotic Physics & Reactionless Drives

There are more things in heaven and earth, Horatio,

than are dreamt of in your philosophy.
— Shakespeare, Hamlet Act I, Scene V

“It’s theoretically impossible.”

“Perhaps .. [they] have .. different theories.”
- Larry Niven, Ring World


Presenter
Presentation Notes
anomalies & paradoxes abound.


Clarke's Three Laws of prediction

e When a distinguished but elderly scientist states that
something is possible, he is almost certainly right. When
he states that something is impossible, he is very
probably wrong.

 The only way of discovering the limits of the possible is to
venture a little way past them into the impossible.

* Any sufficiently advanced technology is indistinguishable
from magic.



Exotic Physics & Reactionless Drives
Inertial Modification

Theoretical Mach-Lorentz Thruster (MLT)
(Woodward Effect)

1. Fully extended, Am =0

Transducer expands

2. Contracting, Am increasing

3. Maximum contraction rate, Am peaked
positive

4. Contraction slowing, Am decreasing

5. Full contraction, Am =0

6. Extending, Am decreasing

7. Maximum extension rate, Am peaked
negative

8. Extension slowing, Am increasing

B 9. Same as (1): fully extended, Am =0

< d —p
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Exotic Physics & Reactionless Drives
Space Drives Swim in the ‘Aether’

e Quantum Vacuum (10726 .. 1078 kg/m?)

e Spacetime (10-2° .. 10%° kg/m3)
 Galactic” Hydrogen (3.3 x 1021 kg/m3)(®)
* Dark Energy (6.9 x 10727 kg/m3)@
* Dark Matter (2.1 x 1077 kg/m3)@

e CMB Photons (10731 kg/m?)

* Hydrogen density only within our galaxy, not intergalactic space where it is ~3.8 x 10728 kg/m3.


Presenter
Presentation Notes
Millis-2009, FPS, Chapter 3, Table I, pg 131
Robitaille-2007 “WMAP: A Radiological Analysis” Progress in Physics, Vol 1 2007 pp3-18
Flynn-2006 “On the Mass-to-Light Radiation of the Local Galactic Disc and the Optical Luminosity of the Galaxy” Royal Astronomical Society Vol 372 pp 1149-1160


Exotic Physics & Reactionless Drives

Modify the Geodesic (Engineer Spacetime)

 Field Drives (Diametric, Disjunction, Gradient, Bias) >

* Negative Matter & Negative Energy >
(Everything not forbidden is compulsory — Gel-Mann)
e Warp Drives & Worm Holes >

e Gravity Control >



Exotic Physics & Reactionless Drives
Hypothetical Field Drives

e Diametric Negative Inertia / Negative Mass

Mass.

|\/Iassactive' mertial)

 Disjunction (Mass

passive’

Disjunction contradicts the Weak Equivalency Principle (WEP)
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Exotic Physics & Reactionless Drives
Hypothetical Fields Drives

Localized Gradient in the Gravitational Potential
Superimpose a localized gradient on the G potential along the craft’s x-axis

causing it to ‘fall’ forward.

e Locally Bias Newton’s Gravitational ‘Constant’, G
Asymmetrically distort G along the craft’s x-axis.

a) Multiplicative modification, B, Eq. (39a) b) Exponential modification, b, Eq. (39b)
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Exotic Physics & Reactionless Drives
Hypothetical Negative Mass & Energy

e Does negative mass exist?
(Everything not forbidden is compulsory — Gel-Mann)
e |s anti-matter same as Negative Matter? (UCR research)
e Does Negative Mass imply negative inertia?
e Does Negative Mass attract? Repel?

Negative Mass is such a Handy Tool


Presenter
Presentation Notes
Role of Paul Dirac and Pauli in anti-matter.


Exotic Physics & Reactionless Drives
Warp Drives and Wormholes

e Warp Drives & Wormholes

(need Negative Mass)
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Presenter
Presentation Notes
Inflationary epoch: 10^78 volume increase in era of 10^-36 to 10^-32 secs driven by negative-pressure vacuum energy density.


Exotic Physics & Reactionless Drives
Alcubierre Warp Drive




Exotic Physics & Reactionless Drives
Warp Drives and Wormholes
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Exotic Physics & Reactionless Drives
Miscellaneous Hypothetical Effects

Gravitomagnetic Forces (GR Frame Dragging)

Negative Energy and Inverse Gravity Fields
(GR negative energy density & negative pressure are EFE solutions)

Cosmological Gravitational Inverses
(Energy Density Pressure, Vacuum Energy of A, Dark Energy, Inflation)

Levi-Civita & Gertsenshtein Effects

(Possible EMF GR interactions shown in EFE & EMF Egns)
(Levi-Civita: Gravitational field induced by EMF - Pauli)
(Gertsenshtein: EMF resonance phenomena that produces an EFE Wave)

Inverse Gravity Solutions in Quantum Gravity Theories


Presenter
Presentation Notes
Gertsenshtein - Wave resonance wrt Hi Freq Grav Waves (HFGW)
Puthoff Polarizable Vacuum (PV) (see Pauli).


Our Future is Writ in the Stars

We are a great people

Our ancestors, our families, braved oceans, frozen
wastes, and deserts.

They walked, swam, flew, and sailed here,
to America.

We are Wanderlust.
It is in our blood, in our genes,
to explore new lands, new worlds.
We have taken our first small step.
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