
The Black Vault
The Black Vault is the largest online Freedom of Information Act (FOIA)
document clearinghouse in the world.  The research efforts here are
responsible for the declassification of hundreds of thousands of pages

released by the U.S. Government & Military.

Discover the Truth at: http://www.theblackvault.com

This document is made available through the declassification efforts 
and research of John Greenewald, Jr., creator of: 

http://www.theblackvault.com


· REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704·0188),1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202· 
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (DD-MM-YYYY) 12. REPORT TYPE 3. DATES COVERED (From - To) 

05-09-2003 Technical Viewgraph Presentation 
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER 

F04611-99-C-0025 
Study to Determine the Effectiveness and Cost of a Laser-Propelled "Lightcraft" 5b. GRANT NUMBER 

Vehicle System - Results to Guide Future Developments 
5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

4847 
Froning, Pike, McKinney (Flight Unlimited); Frank Mead, Jr., Bill Larson (AFRLIPRSP) 5e. TASK NUMBER 

0159 
5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT 
NUMBER 

Flight Unlimited 
Flagstaff AZ 

9. SPONSORING I MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORIMONITOR'S ACRONYM(S) 

Air Force Research Laboratory (AFMC) 
AFRLIPRS 11. SPONSORIMONITOR'S 

5 Pollux Drive NUMBER(S) 

Edwards AFB CA 93524-7048 AFRL-PR·ED· VG·2003·221 

12. DISTRIBUTION I AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

13. SUPPLEMENTARY NOTES 
For presentation at the 2nd International Symposium on Beamed Energy Propulsion taking place in Sendai, Japan, from 20-23 October 
2003. 
14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 
OF ABSTRACT 

a. REPORT b.ABSTRACT c. THIS PAGE 

A 
Unclassified Unclassified Unclassified 

20031017 1 19 

18. NUMBER 
OF PAGES 

12 

19a. NAME OF RESPONSIBLE PERSON 
Leilani Richardson 

19b. TELEPHONE NUMBER (include area 
code) 

(661) 275-5015 
Standard Form 298 (Rev. 8-98) 

Prescribed by ANSI SId. 239.18 

i 
I 



STUDY TO DETERMINE THE 
EFFECTIVENESS AND COST OF A 

LASER-PROPELLED "LIGHTCRAFT" 
VEHICLE SYSTEM - RESUL TS TO 
GUIDE FUTURE DEVELOPMENTS 

Second International Symposium 
on 

Beamed Energy Propulsion 
Sendai, Japan 

20 - 23 Oct 2003 

By Froning, Pike, McKinney, Mead, & Larson 

Work Performed by Flight Unlimited, Flagstaff, AZ 

Under the Direction of the Propulsion Directorate 

Air Force Research Laboratory, Edwards AFB, CA 

Approved for public release; distribution unlimited. 



Flow Diagram of Laser Lightcraft 
System Study !~~~~ 
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Vehicle Costs Optimal Vehicle Trajectory & Propulsive Energy Management 

V, y, a, 8, J3, h, T-D, m, a, vs. time & distance 

Optimal Laser Energy/Power Management 

Laser Costs Collected P & E, 8, and required 't vs. time & distance 



Lightcraft Vehicle Concept 

Laser Airbreathing Flight 
from Zero Velocity to 
Hypersonic Speed 

Laser Rocket Flight from 
Hypersonic to Orbital 
Speed 



Lightcraft Earth-to-Orbit Trajectory and 
Associated Pointing Direction of Laser Beam 
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Laser Beam Power Loss 
Mechanisms 
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Optimization Considerations 
Balancing Loss- Mechanisms 
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Selecting the Appropriate wavelength is a Delicate Balancing Act 
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Given Laser Wavelength/Aperture and Lightcraft Diameter 
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Influence on Laser Wavelength on 
Lightcraft Power Capture 
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Influence of Wavelength on Orbited 
Mass 

Same Radiated Power and 
Aperture for Each Ground 
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