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So I decided to build a restaurant on the moon.

The food is great and all but there's no atmosphere.

How does the man in the moon cut his hair? (From 9yo child)
Eclipse it.



Motivations:
Why is the Moon Interesting?



Motivations:
Why is the Moon Interesting?

1) Seasons, tides, eclipses (solar and 

lunar), occultations, navigation.

2) A base for exploration, for scientific 

experiments, for settlements.

3) To understand the formation and 

structure of the Earth better.  Understand 

the past and future of the Earth.

4) Inspiration: scientific, explorational, 

romantic, literary, artistic, religious.

https://sputniknews.com/science/201812011070300348-russia-moon-base-



Lunar Basics:



Orbital 

characteristics

●Perigee 357000 km

Apogee 405400 km

●Semi-major axis  384399 

km

●Eccentricity 0.0549

●Orbital period 27.321661 d (sidereal –

relative to distant stars)



Physical characteristics
●Mean radius 1737.1 km  (0.2727 of Earth's)

●Flattening  0.0012

●Mass 7.342×1022 kg  (0.012300 of Earth's)

●Mean density 3.344 g/cm3 or 0.606 × Earth

●Surface gravity  1.62 m/s2 (0.1654 g)

●Escape velocity 2.38 km/s

●Sidereal rotation period 27.321661 d  

(synchronous - tidally locked)



Lunar Formation 
and Structure:







●The prevailing hypothesis is that 

the Earth–Moon system formed 

after an impact of a Mars-sized 

body (named Theia) with the 

proto-Earth (giant impact). The 

impact blasted material into 

Earth's orbit and then the material 

accreted and formed the Moon.

●The Moon's far side has a crust 

that is 30 mi (48 km) thicker than 

Formation



●The Moon is a differentiated 

body. It has a geochemically 

distinct crust, mantle, and 

core.

– solid iron-rich inner core 
with a radius possibly as 
small as 240 kilometres 
(150 mi) and a

– fluid outer core of liquid 
iron with a radius of 
roughly 300 kilometres 

Structure

nasa.gov



●Lunar mare

– The dark and relatively featureless lunar 
plains, clearly seen with the naked eye, are 
called maria (Latin for "seas"; singular mare), 
as they were once believed to be filled with 
water;

● Now known to be vast solidified pools of 
ancient basaltic lava, similar to terrestrial 
basalts, lunar basalts have more iron and 
no minerals altered by water.

The majority of these lavas erupted or 

Volcanic Surface Features



●Lunar Highlands

– The lighter-coloured regions of the Moon are 
called terrae, or more commonly highlands, 
because they are higher than most maria.

– They have been radiometrically dated to 
having formed 4.4 billion years ago, and may 
represent plagioclase (feldspar) cumulates of 
the lunar magma ocean.

– In contrast to Earth, no major lunar 
mountains are believed to have formed 

Volcanic Surface Features



●Craters formed when asteroids and comets collide 

with the lunar surface.

●Roughly 300,000 craters wider than 1 km (0.6 mi) on 

the Moon's near side alone.

●The lunar geologic timescale is based on the most 

prominent impact events, including Nectaris, 

Imbrium, and Orientale

– structures characterized by multiple rings of 
uplifted material, between hundreds and 
thousands of kilometres in diameter and 

Impact Craters

●The lack of an atmosphere, weather and recent 

geological processes mean that many of these 

craters are well-preserved.

Because impact craters accumulate at a nearly 

Tycho crater on the Moon: mosaic of images, made by Lunar Reconnaissance Orbiter (Wide Angle Camera). Width of the image is 1





Moon’s Orbit 
about Earth:





Eclipses
●Eclipse shadows always have an umbra and penumbra because 

the sun is not a point source.  An observer standing in the 

penumbra would see part of the sun.

●From the figure above, it’s obvious that lunar or solar eclipses 

cannot occur every month, because the Moon’s orbital plane 

around the Earth is inclined to the ecliptic (the Earth’s orbit around 

the sun).  Only when the a New Moon or Full Moon occurs in the 

ecliptic can an eclipse occur.



Eclipses

Solar eclipses occur roughly 2-3 times per year (though not necessarily over land) and can be any of these 3 types.

Lunar eclipses occur from 2 to 5 times per year although they’re not always total eclipses (Moon completely in the umbra).

During total lunar eclipses, the Moon is bathed in a dark red light, due to refraction through the Earth’s atmosphere.  (This is also why sunsets on Earth are often red.)   

A lunar observer during a total lunar eclipse would see a bright red ring encircling the Earth.  This is the Earth’s atmosphe



SUPERMOON!!

●Major axis of Moon’s orbit seldom aligns with 

Earth-Sun direction.  When it does, you can have 

a full Moon at apogee or at perigee.  When the 

latter occurs, you have a supermoon.



TIDES-
Differential Gravitational Force

●Force of gravity falls off with distance (1/r2), which means the near 

side of one body is pulled more strongly by its orbiting partner than 

its far side (e.g., Moon on Earth and vice versa).   This pulls both 

bodies into egg-like shapes.



TIDES-
Differential Gravitational Force

●Tidal Locking:  Only one lunar face is towards us on the Earth.  

Remember that the Moon is pulled into an egg-shape by tidal 

forces.

– If the Moon were rotating with respect to the Earth-Moon line, 
the egg-shaped bulging would move around throughout the 
Moon’s interior, thereby generating heat because of internal 
friction.

● That heat dissipated the Moon’s rotational kinetic energy, 
resulting in its current tidally locked state.

– Roll a rubber ball around between your hands.  Flatten the 
ball while doing so.  The ball heats up as internal friction 
dissipates the kinetic energy from your hands.



The Moon Stabilizes the Earth’s Rotational Axis

●The Moon is in a stable orbit and pulls on the Earth’s equatorial 

bulge, thereby keeping the Earth’s rotational axis from wandering 

too far during its usual precession.  (Like having a spinning top that 

is extra wide – it’s more stable.)

– This keeps the obliquity of the ecliptic confined to a narrow 
range (22.1 – 24.5O), minimizing seasonal extremes in 
climate.

– Earth is more suitable for life than it would be otherwise.



Easter
(Gregorian Calendar)

●Easter is the first Sunday after the first full Moon 

that occurs on, or after, the March equinox –

between 22 March and 25 April – see Meeus, 

“Astronomical Algorithms” for a simple method for 

computing Easter’s date in any given year.



Missions to the 
Moon:















Unmanned Lunar Landings
●After the unsuccessful attempt by the Luna 1 to land 

on the Moon in 1959, the Soviet Union performed the 

first hard (unpowered) Moon landing later that same 

year with the Luna 2 spacecraft, a feat the U.S. 

duplicated in 1962 with Ranger 4. Since then, twelve 

Soviet and U.S. spacecraft have used braking rockets 

to make soft landings and perform scientific operations 

on the lunar surface, between 1966 and 1976. In 1966 

the USSR accomplished the first soft landings and took 

the first pictures from the lunar surface during the Luna 

9 and Luna 13 missions. The U.S. followed with five 



Manned Lunar Landings
●A total of twelve men have landed on the Moon. This 

was accomplished with two US pilot-astronauts flying a 

Lunar Module on each of six NASA missions across a 

41-month period starting on 20 July 1969 UTC, with 

Neil Armstrong and Buzz Aldrin on Apollo 11, and 

ending on 14 December 1972 UTC with Gene Cernan 

and Jack Schmitt on Apollo 17. Cernan was the last to 

step off the lunar surface.

●All Apollo lunar missions had a third crew member 



Future of 
Humanity and 

the Moon:





Lunar Orbital Platform-Gateway
●The Lunar Orbital Platform-Gateway (LOP-G) is an 

American-led international project led by NASA 

proposed to create a lunar-orbit space station. It is 

intended to serve as a solar-powered 

communications hub, science laboratory, short-term 

habitation module, and holding area for rovers and 

other robots.[1]

●The science disciplines to be studied on the 

Gateway are expected to include planetary science, 

astrophysics, Earth observations, heliophysics, 



Colonizing and Industrializing the Moon
(see Isaac Arthur video:  https://www.youtube.com/watch?v=bGcvv3683Os)

●Easy to build habitats because of low surface 

gravity.

– Can cover craters or lava tubes with domes to 
create large city habitats.

●Plenty of metals like iron, aluminum, titanium for 

construction.

●Very easy to move resources to and from lunar 

surface because of low escape velocity

https://www.youtube.com/watch?v=bGcvv3683Os


To the Moon:

●Art thou pale for weariness

●Of climbing heaven and gazing on the earth,

●Wandering companionless

●Among the stars that have a different birth,

●And ever changing, like a joyless eye

●That finds no object worth its constancy?

●- Percy Bysshe Shelley
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