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(SOLAR / LASER / MICROWAVE) 

DIRECT UTILIZATION orbit raising between S \ J S : F ~  C'rv !I : : : ,%ss  
- .- 

Chemical (fast, heavy) 
Solar Thermal Propulsion (STP) and SEP (slow, light) 
Laser Thermal Propulsion (LTP) Potentially >2-5X 
Microwave Thermal Propulsion (MTP) the lsp of Chem 

Medium Thrust 

Microwave 
INDIRECT UTILIZATION 
Solar Electric Propulsion (SEP) 
Laser Electric Propulsion (LEP) 
Microwave Electric Propulsion (MEP) 

"Laser" PV cells can 
be twice as efficient 
as solar cells 
Microwave rectenna 
can be >SO% efficient 
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THE VISION OF BEAMED ENERGY AS A 
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SPACE POWER GRID 

w1 MAJOR Issue: Who pays for large, up-front infrastructure ? 1 
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Electromagnetic Sails use solar wind ion force on a magnetic "wall" to produce thrust 
Magnetic Sail (Magsail) - Zubrin and Andrews 

Generates mag. (10-5 Tesla) barrier by superconductor ("Wall" dia >> loop dia.) 
Mini-Magnetospheric Plasma Propulsion (M2P2) - Winglee 

Uses ionized gas to "inflate" magnetic field to large sizes 
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CHEMICAL AND ELECTROMAGNETIC jme- 
CATAPULTS 

What are Chemical and Electromagnetic Catapults ? 
Chemical: Cannon, Light Gas Gun, Pneumatic Catapult, and Ram Accelerator 
Electromaqnetic: Rail Gun, Mass Driver (Coil Gun), and MagLifter 

Why are Chemical and Electromagnetic 
Catapults Interesting ? 

Alternative "Launch Vehicle" (trom Earth, Moon, 
Orbit and Elsewhere) 

Possible Cost Reduction per 
kg Launched 
Possible Increase in Launch 
Frequency & Safety 
May Enable SSTO by 
Providing Initial Boost 
("0th" Stage) During Most 
Difficult Portion of Launch 

Reaction Engine (Electric Propulsion "Thruster") 
Omnivorous 

MAJOR Issue: Who pays for large, 

up-front infrastructure ? 
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- THEN AND NOW - r3 

g NASA BREAKTHROUGH PHYSICS 
PROPULSION (BPP) PROGRAM 
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PROGRAM LEAD: Marc Millls, NASA GRC (http:/I~~~.qrc.nasa.qovNVWWlbppl) 

OBJECTIVE: 
Advance science to provide new foundations for breakthrough propulsion technology. 
Produce incremental, credible, and measurable oroaress toward conquering the ultimate 
breakthrouqhs needed to revolutionize space travel and enable interstellar voyages. 

TECHNICAL GOALS: 
Mass: Discover new propulsion methods that eliminate or dramatically reduce the need 
for propellant. 

"Inertialess" space drives, gravity shieldinglantigravity, th~s t ing  against the zero- 
point vacuum field 

Speed: Discover how to circumvent exlsting limits to dramatically reduce transit times. 
Wormholes, Warp Drives 

Enerqy: Discover new energy methods to power these propulsion devices. 
Zero-point energy (Casimir Effect), deep Dirac energy levels 

PROGRESS: 
Identified issues, potential for research programs 
Solicited Proposals, convened Advisory Counsel to review proposals, funded tasks 
Results being published in peer-reviewed journals 
Funding for all Revolutionary Propulsion (including BPP) cut in 2003 

OLD ANOMALIES 
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NEW ANOMALIES 
PARADIGMS - 2000 - 
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DEVELOPMENT OF ADVANCED PROP jpk 
TECHNOLOGIES TAKES TIME AND $$$ 

Typically takes decades to go from concept to flight 
Basic research often tied to grad student life cycle (e.g., 4+ years) 

Costs dramatically increase over development life 
$100K for "paper" studies, basic research -> $100M for space flight demo 

Flight demos (e.g., New Millennium DS-1 SEP) critical for acceptance 
Project Managers very risk adverse 
Nothing succeeds like success - Many proposals now being funded for 
SEP missions; Project Prometheus JIM0 NEP 

3 Initial Concept - - > Initial Development - - > Flight 

"Earth is the cradle of 
humanity, hut one cannot 
live in a cradle forever." 

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 
Year 

CONCLUSIONS 

Some predictions for the future (any of which could be altered by changes in National 
policy; e.g., Apollo) 
Near-Term (5-15 years) - Robotic exploration of the Solar System 

Pretty much limited to what's already in development (as opposed to research) 
SEP, NEP (e.g., Project Prometheus JIMO) with Advanced Ion andlor Hall thrusters 
Aeroassist (Medium-high UD aero-brakelcapture) at target, with Chemical or SEP 
used for injection 
Others: Solar Sails, Solar Thermal, Momentum Exchange Tethers 

Mid-Term (15-30 years) - Human exploration of the Moon and Mars 
Extraterrestrial Resource Utilization to produce propellants 
Nuclear Thermal (NERVAILANTR, Bi-Modal) 
MWa-class SEP. NEP for carao missions 
1 0 0 ~ ~ ~ ~  class (MMW,) N E P ~ O ~  piloted missions 
Robotic micro-technoloaies. first interstellar precursors (Solar Sails, NEP) .. . 

Far-Term (30+ years) - Routine, low-cost, fast access to anywhere in the solar System 
Characterized by BIG systems (today's sci-fi and basic research) 

Very demanding technologies 
Fusion, Antimatter Catalyzed FissionlFusion 

Big Infrastructures (Who builds the Interstate Highway System?) 
Launch Assist Catapults, L a ~ r  Propulsion ETO, Space Elevator 

Very Far Term (22nd Century ?) - Interstellar missions 
Advanced Fission, Fusion, Antimatter, Laser Sails 

"Earth is the cradle of humanity, but one cannot live in a cradle forever. " 




