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AGENDA
— Background on Interstellar Flight
— Reliability Concerns
— Key Issues
— References
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Relative scales in the Nearby Interstellar Medium
and the Solar System

(Sarah Gavit and Paulett Liewer,1999)
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Short Term Science Objectives

1. Explore the nature of the interstellar
medium and its implications for the
origin and evolution of matter in our
Galaxy and Universe.

2. Explore the outer solar system in search
of clues to its origin and to the nature of
other planetary systems.

3. Explore the influence of the interstellar
medium on the solar system.

4. Explore the interaction between the
interstellar medium and the solar system
as an example of how a star interacts
with its local galactic environment.

For The Future...

1. Search for “New Worlds for Mankind”
2. Search for Life

3. “To boldly go where no man has gone
before!”

JET PROPULSION LABORATORY
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The True Purpose of
Interstellar Travel!!

SYSTEMS
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* Closest star with planet (1.9 x Jupiter’s mass)

Sun = Class G2

Our interstellar neighbors

LIGHT / \
NAME YEARS CLASS
Proxima Centauri 4.2 G2
5

K
E
Y
1
2 | Alpha Centauri A/B 4.3 GO/K5
3 | Barnard 5.9 M5 \
4. A
4 | Wolf 359 7.6 M6e ) 6
5 [ Lalande 21185 8.1 M2
10

6 | Sirius AB 8.7 AO/WH DW
7 Luvian 726-8 A |0 MEa/MEa
7 |Lupten 7268 am 89 | Meem ge | | / VBN [

| / 4 |
8 |Ross 154 9.4 M5e | / a /_| /1 N\
9 | Ross 248 10.3 M6e 2
10 | Epsilon Eridani 10.6 K2
11 | Gliese 876 * 15.4 M4

Where do We
Want to Go?
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SYSTEMS

Evaluation of nearby target stars (Martin,
1978a). R1: stellar evolution; R2: likelihood of
inorganic materials; R3: possibility of organic

life; I: cumulative importance value.

(courtesy R. H. Frisbee, 2003) STAR DIST | spectral R1 R2 R3 ! RANK
Proxima 4.25 | Mse 2 0 2 94.12 6
a Centauri A/B 4.3 | G2/K6 7 10.7 10 644.19 1
A n S W e r u Barnard's Star 59 | M5 2 ) 6 135.59 3
u Wolf 359 7.6 | dvmse 7 0 -1 78.98 8
. Lalande 21185 8.1 | M2 2 0.1 3 62.96 11
C t ’? ? Sirius A/B 8.6 | Al/wdA 12 0 -6 69.77 10
a e n a. u r I ™ ~ Luytens 726-8 A/B 8.9 | dmée/dMmée 12 0 -4 89.89 7
Ross 154 9.4 | dmse 2 0 2 42.55 12
Ross 248 10.3 | dmee 5 0 -1 38.83 13
¢ Eridani 10.7 | k2 2 3.3 9 133.64 4
CALIFORNIA INSTITUTE OF TECHNOLOGY 61 Cygni A/B 11.2 | Ko/K7 6 o1 10 14375 2
JET PROPULSION LABORATORY ¢ Indi 11.2 K5 2 0.1 6 72.32 9
1 Ceti 11.9 | Gsp 6 3.6 6 131.09 5
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W= Other Destinations.. K
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“Gliese 581c is ~50% bigger than Earth and ~5X
more massive. It orbits Gliese 581, a red dwarf
star located 20.5 light-years away that is about
one-third as massive as the Sun.....It is located
about 15 times closer to its star than Earth is to
the Sun; one year on the planet is equal to 13
Earth days. Because red M dwarfs are about 50
times dimmer than the Sun and much cooler, their
planets can orbit much closer while still remaining
within the habitable zone.” Xavier Delfosse of
Grenoble University, France.

“Computer models predict Gliese 581c is either a rocky planet like Earth or a waterworld
covered entirely by oceans. We have estimated that the mean temperature of this super-Earth
lies between 0 and 40° Celsius and water would thus be liquid,” said Stephane Udry of the
Geneva Observatory, Switzerland. MSNBCNews.com

As of today, there are 784 know planets!! Of the newest, HD20794 at 19.8 light-years has 3
planets at 4.8, 2.7, and 2.4 Earth masses. The most massive (HD20794d) is in the
“Goldilocks” zone...! Exoplanet iPhone App, Hanno Rein (2009-2011)

CALIFORNIA INSTITUTE OF TECHNOLOGY
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How do We Get There? -~
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Propulsion Concept Mission Source
- Traditional Pioneer 10,11 NASA
Voyager 1,2 NASA
Pluto-Kuiper Belt NASA
- Sail Interstellar Probe NASA
Beamed Power Forward
- Electric Propulsion NASA
- Fission/Fusion Anti-matter
Nuclear Bomb
Fusion Bomb (Daedalus)
- Beamed power Laser Forward
Particles Forward Cartoon of the various types of interstellar
, _ Microwave Forward propulsion being considered (Frisbee, 2003).
- Brussard Fusion Ramjet Brussard
I . . I “ I 1 FLS.SIQN CEH:B!N.:\TI%N? e
* FISsion ntiproton-LGatalyze
n p r I n C I p e ’ a S OW Fragment Flssf::m/Fuslon y
(<10% c) ship might
“ I n Finersial/ Magneti 5
: -
b e feaS I b I e b Ut é‘;giliﬁ_g'rpﬁ?x%?:i;on W - Bussard Interstellar /Aﬂ"
. . (Ier 7 miir) Daa;;'u;'uc'__) - Ramjet (Fusion) £5 LR
would likely require all ~ :
MSWE%ANTIMATTER -
’ . -Core ADVANCED
the Earth’s resources Antimatter Rocket ELECTRIC -~
PHOPULSIO y
BEAMED- R
fO r g eneration (S) e MOMENTUM SAILS EM Catapult
* Laser + LightSail ELECTRO- =8 Micro-
* Relativistic Particle @B MAGNETIC_ Spasecratt
Beam + EM Sail Linear Accelerator CATAPULTS
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Robert Goddard
holds the patent on
an explosion-based
interstellar drive.

Mark I8 16 o PR T o o

Roswell, NM--the
First Interstellar
Space Port (for real!
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We ‘re already doing it.... i
. 400 ! e
Pioneer and Voyager are
12 12
already on the way! :
M & J. e
E 8 Q8 z
e 1o 5
4 —4
Spacecraft: Pioneer 10 Pioneer 11 Voyager 1 Voyager 2 .F R 3,
Launch Date: 3-Mar-72 3-Apr-73 20-Aug-77 5-Sep-77 Eoos iug(lmp &) ]
Star: Ross 248 AC+79 3888 AC+79 3888  Sirius R e o TR e B ' i
Travel Time: 32,600 yr 42,400 yr 40,300 yr 497,700 yr 5L o5
Travel times for current ‘interstellar missions ” x ]
to reach nearby stars (Sheffield, 2003) § {1 &
£ E
2 104:— —:10‘“_
E “oyager 2 E
B i g ].AU. {II:-!PIB}I ol s S el e e e w B N g & R B 1
1880 19A5 1980 18495 2000 2005

Year

Solar wind plasma--IMP- 8 in Earth orbit (black line) vs Voyager 2 at 72
CALIFORNIA INSTITUTE OF TECHNOLOGY AU (red line). 50-day running averages (ref. MIT Space Plasma Group;
JET PROPULSION LABORATORY http://web.mit.edu/afs/athena/org/s/space/www/index.html)
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Oid View Now View

Voyager at the

Heliopause—a New Vision
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Where are we now?

Pluto op

Date: 24 Jan 383,

{ f
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d‘ NH -
Saturn oS
Uranus ou
Neptune ©N ] V2

»
D,\ieavens-hbove GmbH

Date: 24 Jan 2012

aturn oS
Uranus ou
Neptune ©OoN
Pluto eop

@ 2000, Heavens-Above GmbH

View of orbit from above ecliptic plane

View from 10 degrees above ecliptic plane

Pioneer 10||Pioneer 11||Voyager 2||Voyager 1/|New Horizons

Distance from Sun (AU) 105.088 84.910 97.522 119.552 22.270
Speed relative to Sun (km/s) 12.047 11.392 15.448 17.051 15.498
Speed relative to Sun (AU/year) 2.541 2.403 3.259 3.597 3.269
Ecliptic Latitude 3.0° 14.3° -33.9° 35.0° 1.8°
Declination (J2000) 25.88° -8.85° -55.27° 11.97° -21.25°
Right Ascension (J2000) 5.094 hrs 18.752 hrs 19.869 hrs 17.183 hrs 18.787 hrs
Constellation Tau Sct Tel Oph Sgr
Distance from Earth (AU) 104.407 85.791 98.311 120.082 23.172
One-way light time (hours) 14.47 11.89 13.63 16.64 3.21
Magnitude of Sun from spacecraft -16.6 -17.1 -16.8 -16.3 -20.0
Spacecraft still functioning ? No No Yes Yes Yes
Launch date Mar 3, 1972 || Apr 6, 1973 ||Aug 20, 1977|| Sep 5, 1977 Jan 19, 2006

Courtesy Chris Peat, Heavens-Above GmbH (http://heavens-above.com/solar-escape.asp)
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- What are the Key
e Reliability Concerns?

sssssss

Environmental Exposure
Propulsion Systems

Electronic Systems
Mechanical Systems

Materials

Thermal Control

Infrastructure

Mission Assurance

. Software

10.Integrated Systems Health Management
11. Navigation and Attitude Control

©CoONDOREWN =
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Environmental Failures

FAILURE CAUSES SUBSYSTEM CATEGORY FAILURE CAUSES IN ELECTRONIC SUBSYSTEMS
400 ELECTRONIC SUBSYSTEMS
350 ///,

UNKNOWN (26.5%) DESIGN (22.0%)

FAILURES
N
o
S
]

A

S
N
A
N
A
150 VNP N OTHER (7.0%)
N N ENVMT (20.7%)
100 — ?% - % OPER (2.6%)
cod gs ?% QUALITY (6.7%)
7 U 0
0 5% é§ / ' PART (14.5%)
DESIGN ENVMT PART QUALITY OPER OTHER UNKNOWN
ELECTRONIC ELECTROMECH MECHANICAL

(Hecht, 1985)

CALIFORNIA INSTITUTE OF TECHNOLOGY
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What has the Impact of the Environment
X NV
YA A been on Space Systems?* s\
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Distribution by Anomaly Diagnosis

Number
Diagnosis of Forms
ESD - Internal Sﬁgr“gg;;gg s Missions Lost/Terminated Due to
ESD - Uncategorized 28 Space Environment
Surface Charging 1
Total ESD & Charging 162 . . .
Vehicle Date Diagnosis
SSIIEEIIJJ-(SJolsmilg lritayl Event 55 DSCS Il (9431) Feb 73 Surface ESD
olar Particle Even
SEU - South Atlantic Anomaly 20 GOES .4 Nov 82 Surface ESD
SEU - Uncategorized 41 DSP Flight 7 Jan 85 Surface ESD
Total SEU 85 Feng Yun 1 Jun 88 ESD
Solar Arrav - Solar P B 9 MARECS A Mar 91 Surface ESD
Total Radiation Dos emton vent 3 MSTI Jan 93 Single Event Effect
Materials Damage 3 Hipparcos* Aug 93 Total Radiation Dose
South Atlantic Anomaly 1 Olympus Aug 93 Micrometeoroid Impact
Total Radiation Damage 16 SEDS 2* Mar 94 Micrometeoroid Impact
Micrometeorid/Debris Impact 10 MSTI 2 Mar 94 Mlcrometeor0|d Impact
Solar Proton Event - Uncategorized 9 IRON 9906 1997 Single Event Effect
Magnetic Field Variability 5 INSAT 2D Oct 97 Surface ESD
Plasma Effects 4
Atomic Oxygen Erosion 1
Atmos%herlc Drag 1
Sunlight 1
IR background 1
Tonospheric Scintillation 1
Energetic Electrons 1
Other 2
Total Miscellaneous 36

TKoons, H.C., J. E. Mazur, R. S. Selesnick, J. B. Blake, J. F. Fennell, J. L. Roeder,
and P. C. Anderson, “The Impact of the Space Environment on Space Systems”,
presented at Charging Conference, Nov 1998.

CALIFORNIA INSTITUTE OF TECHNOLOGY
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deck RADIATION EFFECTS AL

TEFLON SECOND SURFACE MIRROR

Materials suffer from
UV/EUV and particle
radiation (Grads on
surfaces!) through changes
in:

* Dimensions
Tensile strength

SOLAR AESORPTANCE

0 500 1000 1500 2000 2500
DAYS SINCE LAUNCH

& SCATHA FLIGHT DATA, 2 mil Ag/FEP ——FIT
A LABORATORY SIMULATION (NO PROTONS) e Test?2
¢ Test3

Silver Teflon: Flight » Conductivity
Data  Transmission
Tedlar: 3-4 Yrs GEO Test » Reflectance
Exposure .

Decomposition

White Paint: GEO
Test Exposure

Adapted from Meshishnek et al., 2004

CALIFORNIA INSTITUTE OF TECHNOLOGY Courtesy of the Aerospace Corporation
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ENVIRONMENTS

INTERPLANETARY RADIATION

Na

|>

SSSSSS

Total Dose (krad/yr) Total SEU Susceptibility (bit-flip/Ghits/yr) [1]
Mission Dominant With With SEU Risk Trapped Cosmic Solar Protons [3]
Species | 100mil Al | 400mil Al_| (Relative) | Protons | Rays[2] | 100mil Al_400mil Al|
LEQ Dt <1 << Low + 10° 0 0
LEO-Polar D+ 6 1 Moderate + 10” 10” 10”
MEOQ e - (soft) | 200-2000 | 10-100 | Severe e 10” 10 10°
GEO e-(soft) | <100 <1 Moderate | 0 10° 10° 10°
Jup-Galileo | e-(hard) | 250 25 Severe o 10 0 0
Jup/Curopa | e- (hard) | 1500 800 Severe b 10° 0 0
Interplanetary Dt <1 <<1 Low 0 10° 10" 10°
DOD/Nuclear | e-(soft) | 50-10000 | 1-100 Severe NA NA NA NA
Notes:

1 For devices with LET = 10 MeV-cm?/my

2 For Adams’ 90% Worst Case GCR (Galactic Cosmic Rays)
3 For 99th percentile Solar Flare Events

Representative radiation environments for different regions near the Earth

and in the solar systerm.

CALIFORNIA INSTITUTE OF TECHNOLOGY

JET PROPULSION LABORATORY
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Flux(1/m2-s-sr-MeV/nuc)
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Cosmic Ray Spectra at 1 AU and In

Interstellar Space...
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Heliosheath Spectra
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The ACR ions near the TS showing
the TSP, ACR, and GCR energy
ranges.

CALIFORNIA INSTITUTE OF TECHNOLOGY

ISM GCR and GCR at 1 AU
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Estimates of the GCR ions at 1 AU for
SSMin and SSMax and in Interstellar
Space (after R. Mewaldt and others).

Flux(1/m2-s-sr-MeV)

GCR Electron Fluxes
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Estimates of the GCR electrons at 1

AU and in Interstellar Space (after

R. Mewaldt and others).
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Space Environments-Radiation
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% =9
@ % Fluxes of Cosmic Rays
Nz 10°F '”: 2
= ~ &— 1 particle per m~ second
e {
10'4 =
o
" :  Knee
3 . 1 particle per m2 year
ldlz:_ 'J,.).‘-'. /
|0'|s:_ ""-".
lo'”:
10_24'- Ankle _
L 1 particle per km2Z year %
i L
6% *
Coond 3 ood sond svmad vonnd dound  vd verw vl vound s toued 4l
10° 10" 10'7 102
Energy (eV)
Galactic Cosmic Ray Environment

1E+5

1E+4

1E+3

TOTAL DOSE (RADS(SI)) FOR 20 YEARS

1E+2

BEST CASE GCR MISSION DOSES COMPARED

WITH WORST CASE FOR 20 YEAR MISSION

SHIELDING (MILS-AL)

[—
— g —
—— — —
—
[~
—
\
~—

——

(— —Best Guess

Worst
10 100 1000

Total lonizing Dose from Galactic Cosmic Rays
as a Function of Aluminum Shielding Thickness
Graph*. Units are Rad(Si) vs Mils(Al)

*Calculations are for a 41 steradian view factor and for a
solid sphere. The “Worst” case is for 20 years at the 1S
fluences.
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Space Environments-Gas A

and Dust o\
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Number Density of Interstellar gas:

- Clouds 107-10° m™
- Intercloud Regions  2-3x10° m™
- Solar Neighborhood  10° m™

Density of Gas: 1.67x10% kg m™?

Mass Density of Interstellar Grains:

- Mean 1.4x10% kg m™
- Intercloud Regions  (?)10” kg m™
- Solar Neighborhood  (?)10%* kg m™

m/A, (kg m™?)
B p=102kgm3 p=10** kg m3
0.05 1.8 0.18
0.10 7.32 0.73
0.15 16.68 1.67
0.20 30.27 3.03
0.25 48.72 4.87

Mean Mass of
Grains: 10" *° kg

The particle environment in interstellar
environment (Martin, 1978b). Note that
impact velocities may approach 20% of c!

CALIFORNIA INSTITUTE OF TECHNOLOGY

Values of eroded mass per unit area (Martin,
1978b) for a 6 Light Year “Daedalus” mission
for various light speeds (f=v/c).

At 20% c will
Erode ~30 Kg/m?
or ~1 cm of Al

JET PROPULSION LABORATORY



Do Models or Observations of

J -.,.______ Y - . —
Interstellar Meteoroids Exist? 1
iy

Rubes
Cosmk dudt detectors .
‘Ix10’ " Ulysses and Gallleo delectors o
N Radw cbservations )
— . 2—— T
TV and photographic methods
1x10°
Yt Sy 0
. Mo 1006 X Landiratet Gl 1968
x10° Baguhl 1568 ' I
Landgraf 2000

-~ 1909

{ ¥

= x10° Baggale 1063

é B Taylor | . 1906

; “Well, I'll be ... | guess the little chicken was right.”
Hiwkes 157/ 1968
110" . For a 1010 kg particle
the flux
;::Jm is ~109/m2-s or
g ova 1064, 2002 N . 2
0°9 & Iypetol: sndpoesty el : 1 impact/m# in 20

....... flux of all meteors (Fechtig 1973, supportsd by!Divine et al 1990) years

e U Of pOSSIBY Intersteliar meteors derived fror| given data .
from Hajdukova and Paulech
(2002) ACM, 173-176 and

1x10™ 110" x10*

m(kg)

%10

1x10°

Hawkes et al., MEW (2007)
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Reliability Concerns Unigue to
Interstellar Missions
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Will N

eed:

Advanced attitude control system for “beam riders” (laser or
particle beams)

Ultra-high levels of autonomy (9-40 yr command turn around)
for control, health, and in-system scientific exploration and
data return

Ability for self-repair, system redundancy, and fault tolerance
Careful consideration of flight spare vs functional redundancy.
Robots capable of in-flight repairs—the ultimate integrated
health management system!

Development of common replacement parts strategy

Means for actively regenerating key systems in-flight
Advanced techniques for reconfiguring/reprogramming
electronic systems in-flight

New institutions for space research spanning ~50 years or
more...(the “Long Now Foundation” proposes a 10,000 year
timeline)

CALIFORNIA INSTITUTE OF TECHNOLOGY
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Summary of Reliability Concerns
for Interstellar Missions
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Key Issues:

We have already reached interstellar space and are capable of at
least 35 year missions

Propulsion to 10-20% the speed of light may be possible with current
engineering methods...a Centauri at 4.3 Ly is a plausible target

The major natural environment concern will be dust/meteroid
impacts

Will need to re-think our current maintainability procedures in light
of 50 years and autonomous operations (e.g., common parts, in-
flight repair/replacement, ability to reconfigure software, etc.)

Will need to develop robots capable of in-flight repairs—the ultimate
integrated health management system!

Development of common replacement parts strategy

Societal issues associated with maintaining a +50 year research
mission...

CALIFORNIA INSTITUTE OF TECHNOLOGY

JET PROPULSION LABORATORY



o o V‘ e

K References for Interstellar
Travel

SYSTEMS

 Frisbee, R. H., “How To Build An Antimatter Rocket For Interstellar Missions: Systems Level Considerations In
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Propulsion Conference and Exhibit, Huntsville Alabama, July 20-23, 2003.

 Frisbee, R. H., “Beamed-Momentum Light-Sails for Interstellar Missions: Mission Applications and Technology
Requirements”, 40th AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, AIAA-2004-3567, Ft.
Lauderdale Florida, July 11-14, 2004.

« Gavit, S., and P. Liewer, “Interstellar Probe Mission Review”, Gossamer Workshop-In Space Propulsion Program,
October 12, 1999.

« Gilster, P., “Centauri Dreams: Imagining and Planning Interstellar Exploration”, Springer, ISBN: 038700436X, 302
pages, October 8, 2004.

* Project Daedalus—The Final Report on the BIS Starship Study, Supplement, A. R. Martin (Editor), JBIS, pp. S116-
S121, 1978b.

» Kondo, Y. (Editor), Interstellar Travel & Multi-Generational Space Ships, Apogee Books Space Series 34
(Hardcover), Collector's Guide Publishing, Inc., ISBN: 1896522998, 128 pages, June 1, 2003.

« Mallove, E. F., and Gregory L. Matloff , “The Starflight Handbook : A Pioneer's Guide to Interstellar Travel”, Wiley
Science Editions (Paperback), ISBN: 0471619124, 288 pages, June, 1989.

* McElyea, T., and D. Brin, “A Vision of Future Space Transportation”, Apogee Books Space Series (Paperback),
Collector's Guide Publishing, Inc., ISBN: 1896522939, 208 pages, April 25, 2003.

« Mills, M.G., “Prospects for Breakthrough Propulsion from Physics”, NASA/TM-2004-213082, Glenn Research
Center, Cleveland, Ohio, May, 2004.

« Salama, M., Mclnnis, C., Mulligan, P., “Gossamer Sailcraft technology.” Progress in Astronautics and Aeronautics,
pp. 481-501, 2001.
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