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e Solar System

A subway map
"N Iz Delta-V (AV

Astwork by Ulysse Carion
Original calculations by /u/CuriousMetaphor,
(100 k)

Intercept @

e Earth surface =2 LEO: 9.4 km/s
 LEO =2 Moon surface: 5.7 km/s
 LEO = Mars surface: >6.4 km/s

Legend

Low Earth Orbit

(250 km)

Numbers represent Av required
to transfer orbits {in m/s)
Whito arrows indicate inbound
acrobreaking availablo
All transfers are assumed to be Hohmann transfers
with burns performed at periapsis (for maximum use
of the Oberth effect).

Gravity assists and other maneuvers may reduce v
requirements.




Tsiolkovsky rocket equation

Saturn 5 first stage (F-1) LOX/RP1

Saturn 5 2"4/3 stage (J- LOX/LH2
2)

SpaceX Merlin 1D LOX/RP1

SpaceX Raptor 2 LOX/CH4 /
Busek BHT-6000 Xenon | /

o]

Konstantin Tsiolkovski 1857-1935
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tuedqy Evening, October 5, 1957

fan On Threshold
Space Travel -

ﬂ : By .DANIEL F. ‘GILMORE v %
United Press Staff Correspondent '
div “beep®” of the first
manmade earth ate]hte signalled joday to the world that
‘man had crossed the threshold into the age of travel t’hrough
space. -
" The Soviet Union announced it had won the race into
space by launching an earth satellite Friday, a 184-pound, 22-
inch globe now orbiting the earth at 18000 mxlu an hour,
-560 miles up.—-
Millions of peraon( throuzhout .-
the world heard the ‘‘beep...beep...
beep..."”” rebroadcast today by lo-
cal statjom and realized that man

had taken his first faltering ste
Lints e Al ét8. § SIEPS| Lith highest in the 00s todqy u;!
' Launching of the satellite was a Sunday. Lowest tomight 50
[tremendous victory for sciemce It and 40 east portions.
;wu a more tremendous victory | -VIRGINIA—Fair with lourut“w
‘for Soviet propagands to be able to 50 west and morth and 50 to 58
'to trumpet to the world the RUS-!southeast portions touight, Sunday
{sians were the first to break|mostly sunny and g littie warmer.
1thr0ugh the frontiers of space. Tides on the coast and lower bay| '

Bolsters ICBM Claimg 'wﬂlrunnMntwc.bovonrnnL
L Laletarad Rusmian claims to
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WEST VIRGINIA—Partly cloudy
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Russucms Wln Race To

How To Spot
Satellue

. By UNITED PRESS
< Here's how to look for the Rus-
sian earth satellite which will be
‘whizzing through the sky at 13.-*‘

-

The best time fo spot it is at '

dewn or dusk when the sky is |

seml dark. There is-a-chance that
it’ could be. seen if it travels
across the face -of the moon at
night.

The best instruments to use are
L ordinary binoeulars or-telescopes.:
“Powerful telescopes won't pick it
up because of their narrow fields.

Through optical instruments,

b ? U,S_ n £

-+ -Leaders of the U.S. satellits

Up Satellite
Program 21

%m L m
United Press Staff Correspes

_WASHINGTON (UP)—Amel
scientists.  caught flatfooted
Russia's epic launching of the
man-made moon, indicated f
the United smo- may spee
it own earth satellite progral

also said that it sp
Rubsia rocketed its heavy
pound satellite into a globe

the satellite will look like thc

faintest star which can be ;qu .Lo"

with the naked eye.

- Keep a sharp eye out.. - The
satellite travels so fast if may
appear on the' horizon for only
seconds and chances of spotting
it have been estimated at omne
in a hundred.

|

y
Frontiers of space,

i laganda victory.

dling orbit with a rocket °
an intercontinental N
| missile,

has beer’ “‘called the
weapon” for modern day
ICBM. This country has .
tested a miccessful ICBM
American diplomats cd
Russia had scored u M
The milita







Yuri Gagarin: 12 april 1961













Who was the first human that walked on the Moon?

*Louis Armstrong
*Neil Armstrong
°Lance Armstrong



Louis Neil Lance
' Armstrong Armsirong || Armstrong
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The Armstrongs
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THERE’S A REASON WE'VE NEVER
GONE BACK TO THE MOON.







Long after the first explorers have landed in simple rockets, true space ships like these may be used to set up the first Moon



Op 8 september 1944
werd vanaf deze plek
eerste V2 raket gelanceerd.

n September 8, 1944,
the first V2 rociketbomb
launched from this site.
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Alexey Leonov - 1965
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Soyuz 11-19/1
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Tue BarrtLe oF THE MR B THE New Space RevorLuTion

The Boldest Business Ventura the £arth has Ever Seen
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*f Shuttle/MIR

Orbit

Space

"’:""\ Sub-orbital vs Orbital

e Suborbital:

* To reach 100 km, a
typical speed of 1 km/s

is needed
62 Miles .
(100 km) G e Orbital:
50 Miles * To reach orbit, a

minimum speed of
7.75 km/s is needed
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VEHICLE SUMMARY

FULLY REUSABLE

V1 (2023/24) V2 (2025) V3 (2025/26) V4

PAYLOAD TO ORBIT (t) ~18 ~35 100+ 200+
BOOSTER PROP LOAD (t) 3250 3250 3650 4050
SHIP PROP LOAD (t) 1200 1500 1600 2300
.;B.SCR)SQ.EI.FZ,(SFTOFF 7100 7100 8240 10000
SHIP INITIAL THRUST (tf) 1250 1400 1600 2700
SHIP SL ENGINES 3 3 3 3
SHIP VAC ENGINES 3 3 3 6
BOOSTER HEIGHT (m) 71 71 723 81
SHIP HEIGHT (m) 50.3 52.1 52.1 61
TOTAL HEIGHT (m) 121.3 123.] 124.4 142
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Artemis programme

Artemis |, November 16, 2022: first uncrewed launch

Artemis I, April 1, 2026: first crewed Orion flight test around the Moon.
Artemis Ill, 2027: crewed Earth orbital mission with Moonlander(s) docking
Artemis IV, 2028: first crewed landing.

Artemis V, 2028: second crewed landing.




/1 ™~ Y
3 <t 4 ATEMIS

10 DAYS | 685,000 MILES
AROUND THE MOON FOR ALL HUMANITY

ARTEMIS Il

REID WISEMAN | VICTOR GLOVER | CHRISTINA KOCH | JEREMY HANSEN

COMMANDER PILOT MISSION SPECIALIST MISSION SPECIALIST




ICPS Earth
disposal
-,

’,

Prox Ops

Demonstration /
+ .
First Crewed Test Flight to the Moon Since Apollo
@® LauncH @ PERIGEE RAISE @ INTERIM CRYOGENIC ® OUTBOUND TRANSIT @ CREW MODULE
Astronauts MANEUVER PROPULSION STAGE TO MOON SEPARATION FROM
lift off from pad (ICPS) DISPOSAL BURN 4 days outbound transit SERVICE MODULE
398 at Kennedy @ APOGEE RAISE BURN along free return trajectory. . Y ’
Space Center. TO HIGH EARTH ORBIT @ HIGH EARTH ORBIT @ ENTRY INTERFACE (El) - - -
Begin 24 hour checkout ~ CHECKOUT @ LUNAR FLYBY Enter Earth's atmosphere. . . '
@ JETTISON ROCKET of spacecraft. Life support, exercise, 4,000 nmi (mean)
BOOSTERS, and habitation equipment lunar farside altitude. ® SPLASHDOWN 1 -
FAIRINGS,AND @ PROX OPS evaluations. Ship recovers astronauts < . ~ /‘
LAUNCH ABORT DEMONSTRATION @ TRANS-EARTH RETURN and capsulo,
SYSTEM Orion proximity @ TRANS-LUNARINJECTION  Return Trajectory Correction PROXIMITY ' 5
operations (TL1) BY ORION'S MAIN (RTC) burns as necessary OPERATIONS 4 ‘
@ CORE STAGE MAIN demonstration and ENGINE . to aim for Earth's DEMONSTRATION
ENGINE CUT OFF manual handiing Lunar free return trajectory atmosphere; travel time SEQUENCE
With separation. qualities assessment initiated with European approximately 4 days.

for up to 2 hours. service module.
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Q(A) ~ Roadmap of China 'Lyﬁar'& Deep Sbac'e; Exploration

& Chang’ 7
South polo exploration *

In-situ resource utilization : + B ":'. - ‘ . .
Precursor of ILRS G i) - ‘ : . (ILRS) .

Sample ntum from -
far side of Moon

communication , - ! . __:"i:@ ;7,_";';". s
'2024'- : FON
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NASA Artemis 3 Architecture (2024 Plan)

Graphic by: Ken Kirtland IV@kenkirtland!?
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SpaceX
Starship Lander

Blue Origin (
Blue Moon Lander

NASA
Apollo Lunar Module




STARSHIP
LONG MARCH 9

SLS BLOCK 2 °ATURN V 4 By
N1 l
SLS BLOCKE 1
am
LONG MARCH 10

&

FALCON HEAVY
ENERGIA

USA USA USSR USSR USA USA
70 m 98.2 m 105 m ERlG 108.2 m 114 m 122 m
63.8 t 95 t a5 & 100 t 130 t 1EG 0 5150 t




Malapert Mountain







1 Infrastructure such as solar panels
and oxygen units exported
earth to set up mining operation

- -t I

Lunar dust is collected
and heated to 600c to
release helium-3 (He;)

3 Vats of mined He; ) is
transported back to

earthin specialised

spacecraft



THE ORIGINAL FUSION REACTOR

RELEASING THEHELIUM-3

COSMIC RAYS

8 TRUN HELIUM
HELIUM FORMS < INTO HELIUM-3

INTHE SUN

w | THEEARTH'S
¢, % | ATMOSPHERE
, ' I '} ANDMAGNETIC

ooooo . FIELD REPEL HEATED TO 1400"F
: : HELIUM-3
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SAM ROCKWELL

950,000 MILES FROM HOME,
THE HARDEST THING TO FACE...

IS YOURSELF.

a LIBERTY FILAS oo
TRERRY ML
b conermat sesca GAYIN ROTH
ot masecrs JELIA VAL ENTINE

s LIMELIGET SAM RO:
TMMERNARN veo MAN
0 (

L]
att GART SHAW s o CLINT MANGELL
MICKY MOSS ALEX FRANCE
DUNRCAN JORES

SONY PICTURES CLASSICS

MICRAEL B
NATHAN PARKER rwsoies
: g Movow  LIMILIGHT DOmmmm O oTAGER
WWW.JMOON-MOVIE.COM WWW.SONYCLASSICS.COM




‘Reaction of Helium-3 with Deuterium

beuieti(rm

e

Proton .

Neutron ° ' .

At 0.10S/kWh,
He-3 value is 3MS/kg
(VanCleve et al.)

Helium












Rhodium el 113

Atomic number Atomic mass (u)

Symbol 4 5 102.91

- Rh

Atomic radius
(van der Waals)

! Electrons
Rhodium arrangement
Electron [2,8,18,16,1]
configuration
[Kr] 4d® 55!
Ionization energy: 7.459 ¢V Standard state: Solid 3y
» L ]

Electronegativity (Pauling): 2.28  Crystal structure: FCC | "5, |

© periodictableguide.com

Get all details, facts, properties, uses and lots more about the Rhodium element from the



JANUARY 27, 1967

Outer Space Treaty




outer space.

Freedom of Exploration
The use of any equipment or
facility necessary for peaceful
exploration of the Moon and

other celestial bodies shall
also not be prohibited.

W Ry L
. -l ey -
L5 ‘Require authorisation

ARG

and continuing
supervision by the
appropriate State Party
to the Outer Space
Treaty.



The Countries That Signed
the Moon Treaty A

Countries that are signatories/parties o
to the 1979 UN Moon Treaty (as of August 2023)

%

Gt ot
\ @ o) o
{
»
W Parties to ‘ “
the treaty / 2

M Signatories ! v

'

Saudi Arabia withdrew from the treaty in Jan. 2023 (effective Jan. 2024).
Source: United Nations Office for Outer Space Affairs

statista %a







Proximity

Delta-V required 5.7 km/s 6.4 km/s
from LEO

Oxygen production Energy intensive CO2 and H20 in atmosphere and
metaloxide processing [polar caps

Nitrogen production Bring from Earth In atmosphere

Water production In dark craters In atmosphere and polar caps

Day/Night cycle 14 days 1 day
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