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Not even electron degeneracy

pressure can stop the collapse
of an iron core.

y Iron nucleus
Neutrinos

; Iron core of evolved
streaming from

: i Gamma rays
collapsgg core Y

>
N

9 As the core collapses, the core temperature
climbs so high that thermal gamma-ray photons
photodisintegrate iron...

Electron )
>

..and the core becomes so dense ~ ~ Neutron
that electrons are absorbed by protons 5 i

in atomic nuclei, forming neutrons

and releasing energetic neutrinos. Proton () Neutrino (v)

@ Photodisintegration and
electron absorption rob
the core of pressure support.
The collapse accelerates...

repulsive. The overcompressed core
bounces, driving its outer layers
outward through the star.

Shock wave ~

Figure 17.9 This figure illustrates the stages
that a high-mass star goes through at the
end of its life as its core collapses and the
star explodes as a Type Il supernova.

-
B ..and leaving behind the

collapsed remains of the
core, a neutron star.

The shock continues through

the outer layers of the st;

The expanding shock is strengthened
by the pressure of a hot bubble of
trapped neutrinos from the core.
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Cis-Lunar Space

A deep dpace harbor for expanded human presence

Only ~3 to 5§ days away
from Earth yet farther
than Apollo went

Ideal mission aggregation
location

The next “high ground”
beyond GEO

Access to local resources
including volatiles,
gravity and sunlight

Accessible by NASA,
commercial, and
international launch
systems

R 1SS

& EARTH SURFACE

True deep space radiation
environment

Benign orbital debris
environment

Minimal station keeping

requirements

Some stable orbits

Orbital phasing and
transfer for minimal energy

Infrequent/avoidable
eclipse periods

Thermal environment
compatible with cryogenic
oxygen and methane
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SPACE SHUTTLE
CONCEPTS

SOME PHASE B SPACE SHUTTLE
*-k.._________‘__SYSTEM SIZE COMPARISONS

y
.

ALTERNATES

BASE LINE

- PARALLEL LIQUID PARALLEL SOULID
( F-1 FLYBACK ROCKET MOTOR
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3,840m/s )
1,423 (226 days) to 802 (388days) ; .
2,843102,222 m/s with MOI

g ;4’?&?‘ L 4,100m/s w/AB
. P ) : 5.800m/s with MO!
1,550m/s A 650 ‘
. A
wfAB P il m/s . 3071/9.
[ ’ / 650 3 b g
m/s :
.0 11,900m/s
\ 3,780m/s | N, -
el 4,228m/s
"~ (Polar) i
3S0m/s w/AB+cire . -
\ 4,017m/s '

(Equatorial)




SpaceShipOne
Flight

Restart SECO-2

*’1 2 .

‘ ‘ 197 kmby  Stagell 395 km by
A\ \\ i~ w\ MECO Stage I/Il 421 km (4854 sec) 411 km at
* | weightless (246 SGC) Separation (1 018 sec) 63.4 deg
(252 sec) (4868 sec)
PLF
Separation Time Altitude Velocity
(204 sec) (sec) (km)  (km/s) Event
0 0 0.38  Liftoff
35 5.7 0.55 Mach number = 1.05
47 9.8 0.64 Maximum dynamic pressure
g:g"arg(t’;n 100 407 142 Jettison GEM 60s

(1 00/102 SSC) 102 42.3 1.44 Jettison GEM 60s
204 126.2 3.43  Jettison fairing
246 1773 497 Main-engine cutoff (MECO)
252 1854 4,98 Stage I/ll separation
265 2021 4.95  Stage Il ignition
1018 304.4 7.73  Second-stage engine cutoff 1 (SECO-1)
4854 425.6 7.60 Stage Il ignition 2
4868 425.9 7.66  Second-stage engine cutoff 2 (SECO-2)
Liftoff, CBC Main
Engine and Four
GEM 60s Ignited
(0 sec)




Shuttle Engine

; if . R 7,000 Ib
23000 | N 6,232,500 HP
, - : ) ==, HP/Wt = 907.4
Machine weight 5 - “« —~ - :
Sror=r , 5, HP/Wt
150... g o) - 1000 [~
million°C LR . 3

Plasma temperature & - L

800 [

) Large Jet Engine
| 600 [~ : 13,065 b
500MW | I‘ Auto Engine I2n7({_ylll5)ng|ne 1,950,300 HP
f ! 5
Output pover P / 3(7)8 :L)P 800 HP Small Jet Engine HP/Wt =150
I 400 [~ ol HPAWE =2.91 2,890 Ib iR
HP/Wt = 0.54 52,900 HP e
HP/Wt=18.3
200 [
THE ITER TOKAMAK
0

The tokamak is an experimental machine designed to hamess the energy of fusion. ITER will be the world's largest

tokamak, with a plasma radius (R) of 6.2’ m and a plasma volume of 840 m>.

Direction

of orbit
Solar sail
Force
component
away from
Shrinking sun
orbit
Net Force \

Force component Component from Kiwi A Kiwi 8 Phoebus 1 Phowbuw 2
; 196566 1967-68
back along orbit  solar pressure e 000 B 1000 - 1500 MW 5000 MWL
0 KIbf Thrust 50 KIbf Thrust 1 50 - 75 kibt Thrust 250 kibf Thrust

e NIRX worion bogins (6 system tests)
an part of the NERVA program
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NASA Entry Vehicles / Missions
Supported by Ames

X-34 Shuttle Operations

SHUTTLE
UPGRADES

SHARP

SPACE SHUTTLE B1 & B2

.......................

-----------------------------
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(Vertical scale exaggerated)

Pull-up
Maneuver
Update
on Latest
Atmospheric Initial

Conditions Entry .-~
@ -’

Controlled Climb to

Atmasphertc.Exit Ballistic Coast (Skip)

~

Final” 3 Re-entry
Entry

Landing
Site



Booster Payload | Stage 1 | Stage 2 | Other | Total Price
Conventional | 20tons | $90M S30M $80M | $200M | $10,000/kg
Falcon 9 20 60 20 40 $120M | $6,000/kg
Expendable

Falcon @ 20 0 20 40 S60M $3,000/kg
Reusable

Stage 1

Falcon @ 20 0 0 40 $40M $2,000/kg
Reusable

Starship 160 0 0 40 $40M $250/kg
Falcon @ 20 0 0 4 S4AM $200/kg
Reusable 10X

Flights

Starship 10X 160 0 0 0 $4AM $25/kg

Flights







® SLS is investigating utilizing existing
fairings for early cargo flights, offering

payload envelope compatibility with

design for current EELVs

® Phase A studies in work for 8.4m and
10 m fairing options
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4m x 12m
(100 m3)
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5m x 14m
(200 m3)

8.4m x 31m
(1200 m?)

10m x 31m
(1800 m3)

5m x 19m
(300 md)
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Figure 4: Starship payload volume (dimensions in m)
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Optic

Stereo
Imager Performs
Metrology

Material
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Volatile | Concentration ppm (ug/e) | Average mass per m° of regolith (g)
. H | @ 46x16 | 000076 00000 |
“He | 000412200084
-

LUNAR SOIL COMPOSITION

Aluminum: Magnesium:
7% 6%
Calcium: 8% ther. 3%

Iron: 13%

: Oxygen: 42%

Silicon: 21%
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dortunity Sol Number and Local True Solar Time



MARS PATHFINDER
QUALITATIVE WIND SPEED

o | | ’

5 #

0 10 15 20
PATHFINDER SOL
R. Pappa

"Feels like" wind speed

Wind speed on Mars on Earth (at STP)

mph m/s dynamic pressure m/s mph
(Pa)

10 4.5 0.2367 0.6 14
50 22.4 5.9169 3.0 6.8
67 30.0%* 10.6587 4.1 91
100 44.7 23.6677 6.1 135
150 67.1 53.2523 94 20.3
200 89.4 94.6708 121 27.1
224 100.0 118.4304 13.5 30.3
447 200.0 473.7216 274 60.6
500 2235 591.6924 30.3 67.7

* Highest measured wind speed from Viking Lander (1.6 m sensor elevation)
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National Aeronautics and Space Administration

Primary Resources of Interest for

Human Exploration

Mars @ Asteroids

. Moon

Water Icy Regolith in Hydrated Soils/Minerals: Subsurface
(Hydrogen) Permanently Gypsum, Jarosite, Regolith on C-type
Shadowed Regions Phylosilicates, Polyhdrated Carbonaceous
(PSR) Sulfates Chondrites

Solar wind hydrogen
with Oxygen

Minerals in Lunar
Regolith: limenite,
Pyroxene, Olivine,
Anorthite

Subsurface Icy Soils in
Mid-latitudes to Poles

Carbon Dioxide in the
atmosphere (~96%)

Minerals in Regolith
on S-type Ordinary
and Enstatite
Chondrites

Carbon = CO,CO, andHC's  Carbon Dioxide in the Hydrocarbons and
(Gases) in PSR atmosphere (~96%) Tars (PAHs) in
= Solar Wind from Regolith on C-type
Sun (~50 ppm) Carbonaceous
‘ Chondrites
Minerals in Lunar Minerals in Mars Soils/Rocks Minerals in

Metals

Regolith

= |ron/Ti: limenite

= Silicon: Pyroxene,
Olivine, Anorthite

= Magnesium:
Mg-rich Silicates

= Al: Anorthitic
Plagioclase

= Iron: limenite, Hematite,
Magnetite, Jarosite, Smectite

= Silicon: Silica, Phyllosilicates

= Aluminum: Laterites,
Aluminosilicates, Plagioclase

= Magnesium: Mg-sulfates,
Carbonates, & Smectites,
Mg-rich Olivine

Regolith/Rocks on
S-type Stony Iron

and M-type Metal

Asteroids

Note: Rare Earth Elements (REE) and Platinum Group Metals (PGM)

are not driving Resources of interest for Human Exploration

Uses

(Drinking, radiation \

shielding, plant growth,
cleaning & washing

= Making Oxygen and
Hydrogen

= Breathing
= Oxidizer for Propulsion
and Power

= Fuel Production for
Propulsion and Power

= Plastic and
Petrochemical
Production

= |n situ fabrication of
parts

= Electical power
generation and
transmission




Resource Prospecting — Looking for Water Excavation & Regolith Processing for O, Production

Hydrated minerals & subsurface ice on Mars Excavation & Processing for H,O Extraction
Iy

Mining Polar Water & Volatiles
Mining near surface ice on Mars

Landing Pads, Berms, Roads, and
Structure Construction






2 Cargo Vehicles: Crew Vehicle: “In-Line”
7 launches 5 launches T
170-day assembly time in LEO 120-day assembly time in LEO LH, Tank
EDL Aeroshell Transit 4 726 m

TMI Modules

Habitat

Crewed MTV: “In-Line Configuration ”

(4 Ares-V Launches) Short “Saddle Truss”, l

T-shaped Docking Module & !
Contingency Consumables i

m'ﬁ_.

Crewed Payload

Transit
Habitat

CEV/ISM

Long “Saddle Truss”
& LH; Drop Tank

“In-Line” LH, Tank

“Common” Propulsion Stage
(uses 3 -25 klb; NTR Engines)
& 96.7 m

Crew Delivery
CEV/SM

Cargo MTV with AC’ed PL
(5 Ares-V Launches for

2 Cargo Vehicles) Triconic Aeroshell

(~10mDx30 mL)

Primary PVA Power
System (4 panels)

TEI Stage
MISSION TIMES
W1 Sinas MARS ARRIVAL ”_4\ MISSIONCTIMES, MARS ARRIVAL ”—I\ e
TMI Modules (82058 (Day217) @ OUTBOUND 217 days 313012038 (Day 210) @ OUTBOUND 210 days
STAY 30 days STAY 496 days
MARS DEPARTURE RETURN, 403 days RETURN 210 days
@ TOTAL MISSION 916 days

5/4/2038 (Day 247) =3 TOTAL MISSION 650 days EARTH RETURN =\
3/5/2040 (Day 916) \
K\\\ \ & i
SUN L L i L L / L SUN L - £y
EARTH RETURN
6/11/2039 (Day 651)

@ | Rs DEPARTURE
8/8/2039 (Day 706)

EARTH DEPARTURE
8/30/2037 (Day 0)

EARTH DEPARTURE
9/1/2037 (Day 0)

VENUS SWING-BY
12/8/2038 (Day 465)

Figure 4-6. Chemical/aerobrake cargo and crewed MTV concepts.



