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Getting people tothe  agmb, "

Moon (and beyond) \ f‘ \

requires 3 things - AAITEMIS
19611972 2022-

1. Areasonto go

* Nationalism

* Economic benefit
e Scientific discovery
* Stepping stone?

2. Away to get there

 Rocket
e Capsule
e Lander

3. A means to stay safe




Getting people to the
Moon (and beyond)

rove




Please, let’s
beat the Soviets
at something

Let’s explore the
universe with a
banner of freedom
and peace!

And do it before
the decade is out!
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* \
To an asteroid!
Back to And Mars in the 2030s?

the Moon,
by 2020!







By 2024!

> '
Donald J. Trump & X
@realDonaldTrump - Follow
For all of the money we are spending, NASA should NOT
be talking about going to the Moon - We did that 50

years ago. They should be focused on the much bigger
things we are doing, including Mars (of which the Moon is

. /
Donald J. Trump & X
@realDonaldTrump - Follow
Under my Administration, we are restoring @NASA to
greatness and we are going back to the Moon, then Mars.

| am updating my budget to include an additional $1.6
billion so that we can return to Space in a BIG WAY!
a part), Defense and Science!

9:34 AM - May 14, 2019 @
5:38 AM - Jun 8, 2019 0]
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215 century space race
International cooperation and competition

*
SP.\CE/

ARTEMIS ACCORDS International Lunar Research Station

Artemis accords map

B signatory nation

Created with mapchart.net Created with mapchart.net




Artemis survives a change of administration

LB President Biden 2 Nov 17, 2022
P @pPoTUS

NASA’s Artemis is in flight.
This ship will enable the first woman and first person of color to set foot

on the lunar surface and will lead countless students to become
explorers and show America’s limitless possibilities to the world.







Recap: Reasons to go

AJEMIS
* Nationalism « Nationalism
e Beat the Russians * Beat China

* Put first woman and person of colour
on the Moon

 Go with international partners
* Scientific research

* Create a long-term presence... and
use as a stepping stone to Mars



A very cool discovery

Shosimatar
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SOURCES OF LUNAR WATER THROUGH TIME
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SOLAR IMPLANTATION
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120
Saturn V
SLS Block 1
100 - —
e | B
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REQUIREMENT #2 | alcon Heavy ™

A Way tO get there 66 | Space Shuttle . :
Rocket + capsule -

i e i -

0 =

Max payload to low Earth orbit (kg)
29,000 63,800 95,000 118,000



Artemis | November 2022




COMMAND AND SERVICE MODULE

CREW MODULE DIAMETER:
CREW SIZE:

SERVICE MODULE DIAMETER:
SERVICE MODULE LENGTH:
SERVICE MODULE MASS:
SERVICE MODULE THRUST:
POWER:

LANDING:
DOCKING:
DESTINATION:

128 FT.

3

13FT.

245 FT.

54,000 LBS.

20,500 LBS.

BATTERIES,
FUEL CELLS

WATER

LUNAR MODULE

SKYLAB, ASTP,
MOON

ORION

CREW MODULE DIAMETER:
CREW SIZE:

SERVICE MODULE DIAMETER:

SERVICE MODULE LENGTH:
SERVICE MODULE MASS:
SERVICE MODULE THRUST:
POWER:

LANDING:
DOCKING:
DESTINATION:

ARTEMIS

165 FT. 4
4(6TOISS) 4
165 FT. )
15.7 FT.
27,500 LBS.
7,500 LBS.
SOLAR ARRAYS,
BATTERIES
WATER
MULTI PURPOSE
MARS, ASTEROIDS






Artemis Il September 2025




A way to get there: Lander




LUNAR LANDERS

~50 m
[164 ft]

%
7m | %\
[23 1t] R\ ‘
e UR R,
9.4 m
[30.5 rt]

EVERYDAY
NSTRONAUT

SPACEX
STARSHIP

Over 9 m
[29.5 ft]



~ Starship
120

Saturn V

SLS Block 1 :
100
‘.

80

Falcon Heavy

60 Space Shuttle .

0 i i I N >

15N

e aieasPe

Max payload to low Earth orbit (kg) More than
29,000 63,800 95,000 118,000 100,000
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Apollo XI-XVII 1969-72

* 6 landings 90km traversed
* 12 moonwalkers 400kg of rocks collected
* 80 hours of moonwalking 2 golf balls hit

NTED
TATES)
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A means to stay safe from lunar hazards

* Dust
* 1/6%™ gravity
* Temperature swings

 Space weather




Space weather

Solar flares
* Bursts of electromagnetic radiatio
e Can cause radio blackouts

* 8min travel time

‘ ' I

Coronal mass ejections (CMEs) v

* Bursts of solar material (plasma) 4

* Distort Earth’s magneto re,
. =¥ 3 ) " — e
causing geomagneti ‘ms
e Candamage satellites,'&é ICity
grids, gas pipelines, a_str'énauts

* 1-2 days traveltime




Radiation sources and effects

Cataract formation

Solar energetic particles Galactic cosmic rays

%Iarflare iadenty Supernova e tantly Inc'ease.dk
. . . ~ e cancer ris
Coronal mass ejections o »

“& 85-90%p
92% p <1GeV ‘?‘ 3 10-13% He

-

' 6% He ~1% HZE
2% HZE 0.001-10** GeV
\ (peak, 0.1-1 GeV)
. i "' o
Solar % /%
ks

Magnetosphere

wind L X <1Sv/year  <1Sv/2.5year
« 4

Allen belt.*;
yan <2011 Sv/0.5 year
& J

hanges to bone
uscle and cartilage

(anxiety, fatigue, performance)

Damage to quiescent
neural stem cells in the
hippocampus

Degenerative damage
the circulatory system

Prodromal effects
—_ such as nausea
y and vomiting

Gonads susceptible
to cancer and genetic
germline mutations

icroarchitecture

Trapped particles




11-year solar cycle
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24 Give me a joke about a New Zealand astronaut to close out my
presentation about humans on the Moon.

& Why did the New Zealand astronaut take a sheep to the Moon?

Because he wanted to prove it was one giant leap for lamb-kind!

79 > ¥ o P o<
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