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Some facts about the Moon
• Extreme temperatures   260F to -280F

• Rotates in 27 days          daytime13.5 days, night 13.5 days

• Craters near poles in permanent darkness     -400F

• Water ice  in dark craters
• Diameter  2159 miles,  1/3 Earth
• Mass is 1.2 % earth mass
• Gravity 6 times weaker than on Earth

Far side
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protoplanetary disk



accretion phase



Impact hypothesis

a Mars-size body impacted the earth about 4.5 billion years ago



Why the impact theory works

• the earth has a large iron core, the moon does not
• the iron core of the impactor melted and drained into the earth 
• earth has a mean density of  5.5 g cm-3 and Moon has a density of  3.3 g cm-3

• Moon and  earth have similar oxygen isotope ratios
• The Moon formed from material near earth

• Other  planets don’t have similar moons (except Pluto)
• Suggestive of a stochastic catastrophic  event



giant impact



We choose to go to the Moon! We choose to go to the Moon...We choose to go to the 
Moon in this decade and do the other things, not because they are easy, but because 
they are hard; because that goal will serve to organize and measure the best of our 
energies and skills, because that challenge is one that we are willing to accept, one we 
are unwilling to postpone, and one we intend to win, and the others, too.

Sep 12 1962



The space race



Tallest, heaviest, most powerful



Luna 16   USSR
sample return 1970



Zond 5 lunar orbiter 1968

2 tortoises, worms, flies,seeds,  bacteria
2 to

Proton launcher Height     174 ft
Diameter 23 ft
Mass        694 tonnes



Saturn V launcher

Manned lunar landings 
1969-1972

Height        334 ft
Diameter   33 ft
Mass  3000 tonnes



Apollo10 lunar module
rehearsal



Apollo10 lunar module
rehearsal

world record speed 24791 mph
on  May, 26, 1969 during return
of Apollo 10



Apollo landing sites



Buzz Aldrin
Apollo 11

Harrison Schmitt
Apollo 17



NASA’s Lunar Reconnaissance Orbiter, 
launched 2009



Komarov crater



Komarov crater
Monte Pierazzo



North Pole









Close-up of south pole

Shackleton crater

Dark cold craters with nearby 
solar power ideal for telescopes

4 km deep, 21 km wide

eternal darkness

perpetual light



Water on the moon



Cold on the Moon



Regions of perpetual light on  polar crater rim peaks



Shackleton crater rim



ESA concept: Moon Village at lunar south pole

Aims: business and tourism in 2035+



ESA concept: Moon Village at lunar south pole

Aims: business and tourism in 2035+



10 km NIR hypertelescope

Labeyrie 2017



10 km NIR hypertelescope

Labeyrie 2017



baryon 
density

Halo velocity dispersion
100 km/s10km/s

10-5 cm-3

103 cm-3

10-1 cm-3

far side of MOON for low frequency radio astronomy 
most radio-quiet environment 
in inner solar system

21cm   hydrogen  absorption against CMB

probe  redshift =50 @ 30 MHz 
or wavelength 10m

optimal array is D ~10- 100 km

need millions of antennae

JPL  concept

SKA-LOW 105 antennae in 2025



Chang’e When we will return?

Current  US presence

2013

Recall: HST +++ was  5-10% of cost of ISS + Space Shuttle
Strong commercial interest in lunar tourism, mining, fuel…

NYT, Nov 20, 2018





The future of cosmology

N ~ 106 modes: 0.1% CMB  at precision N -1/.2

N~ 108  
0.01%  with galaxies

N~ 1012  
0.0001%  with  HI  in 1st clouds
in the dark ages

We must pursue B, we may get lucky!

Dark energy?  No prediction for w ≠ -1
Dark matter? No detection yet!
Probing inflation via CMB?  No lower bound

Back to the moon!



Chang’e lander with radio  dipole antennae

Landed on far side of Moon: Jan 3 2019



Issues for the future of lunar exploration

• International treaties
• Pollution
• Property law
• Mineral rights
• Criminal law



principles governing the activities of states in the exploration and use of outer space, including 
the Moon and other celestial bodies

Article IX, second sentence: 
State Parties shall pursue studies of outer space, including the Moon and other celestial bodies,
and conduct exploration of them so as to avoid their harmful contamination

Article I, OST  1967
All states shall have equally free access to Outer Space including the Moon and other celestial 
bodies….outer space is not subect to expropriation by claim of sovereignty, by means of use or 
occupation

Article IV expressly allows the use of military personnel for peaceful space activities 

Article XXII IGA 1988: Partner States may exercise criminal jurisdiction over nationals of a partner 
state  whose misconduct in orbit affects the life or safety of a national of another partner state.

Outer Space Treaty  United Nations 1966
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