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This image was taken on November 4th, 2017 at 4:19 am in Titusville, Florida. It shows the

n L}
International Space Station (with a crew of six currently onboard) transiting the full “Beaver Moon.” As
[ ] the ISS orbits Earth at 17.500mph, or roughly five miles per second, the transit lasted just 0.90

secon ds.

So | decided to build a restaurant on the moon.
The food is great and all but there's no atmosphere.

oFUture Of Humanity and the Moon- How does the man in the moon cut his hair? (From 9yo ct

Eclipse it.
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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.




Lunar ‘Basics:



Elliptical orbit of Moon around Earth
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characteristics
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Physical characteris

.Mean radius 1737.1 km (0.2
.Flattening 0.0012

.Mass  7.342x10%? kg (0.0
.Mean density 3.344 g/cm? or 0.606 x Earth
.Surface gravity 1.62 m/s? (0.1654 g)
.Escape velocity 2.38 km/s

.Sidereal rotation period 27.321661 d




Lunar Formation
and Structure:



MARE FRIGORIS MARE SERENITATIS
Sea of cold /Sea of serenity

PLATO (crater) MARE TRANQUILLITATIS
Sea of tranquility

MARE IMBRIUM
MARE CRISIUM

Sea of showers / rain ]
Sea of crises

CRFERNIGUS (erster) MARE FECUNDITATIS

ARISTARCHUS (crater) » ‘ [Sea of fecundity/fertility

KEPLER (crater) 8 LANGRENUS (crater)

' L - , . : \ EAST (on the moon)
WEST (on the moon) 3 e » o ;
EAST (in the sky) o b Ry T R WEST (in the sky)

MARE NECTARIS
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PROCELLARUM LA ERN ‘
Ocean of storms NN/ ' STEVINUS (crater)

! sl ? \MARE VAPORUM
e Sea of vapours

GRIMALDI (crater

BYRGIUS (crater) o NV 4 MARE INSULARUM
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Sea that has become known / MARE NUBIUM

MARE HUMORUI\/I/ Sea of clouds
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Lunar nearside with major maria and craters labeled
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Formation

.The prevailing hypothesis is that
the Earth—Moon system formed
mafter an impact of a Mars-sized

Artist's depiction of a collision between two planetary bodies. Such an impact between Earth and a Mars-sized object likely formed the Moon

e s body (named Theia) with the

oF®

nroto-Earth (giant impact). The
mpact blasted material into
=—arth's orbit and then the material
accreted and formed the Moon.

The side of the Moon facing the Earth (left) is very different than the side facing away (right). Why?

.The Moon's far side has a crust



Structure

.The Moon Is a differentiated

body. It has a geochemically oy -
distinct crust, mantle, and /B partial melt |
O Y fluid outer core \

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 radnic of




Yolcanic Surface Features
.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,;
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Yolcanic 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
ulates of

ooooooooooooo
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Impact Craters

.Craters formed when asteroids and comets collide
with the lunar surface

5o (g than 1 km (0.6 mi) on

S by Lunar Reconnaissance Orbiter (Wide Angle Camera). Width of th

.The lunar geologi /4 based on the most
prominent impact et @@ #4ing Nectaris,

I Bk %‘?@u@é‘@ﬁ@f&"ﬁhere weather and recent
geoktgicil e cbesastaréattbatrmatipl @t ithgsof
cratesities wellgnmakdreteen hundreds and
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Moon’s Orbit
about Earth:




New Moon First Quarter Full Moon Last Quarter New Moo:l
——Waxing Crescent— ——Waxing Gibbous — ——Waning Gibbous — ——Waning Crescent — -

e mo o6 in the angle betwsen the direction o o i . @ More details




Eclipses

.Eclipse shadows always have an umbra and penumbra because
the sun is not a point source. An observer standing in the

https://astronomy.stackexchange.com/questions/11728/supermoon-lunar-eclipse

.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). Onlv when the a New Moon or Full Moon occurs in the



Eclipses

Lunar eclipses occur from 2 to 5 times per year although they’re not.

Lunar Eclipse

During total lunar eclipses, the Moon is bathed in a dark red light, du

| Penumbra A lunar observer during a total lunar eclipse would see a bright red ri

Earth Moon

CBC NEWS

Lunar eclipses occur as the moon passes through Earth's shadow. It can pass through the outer, fainter
shadow, called the penumbra. When it passes into the umbra, we can get either a partial or total lunar eclipse,
depending on how much of the moon crosses into it. (CBC)

Solar eclipses occur roughly 2-3 times per year (though not neces

« 0OQ

Full shadow
(UMBRA)

partial eclipse annular eclipse total eclipse




SUPERMOON!!

.Major axis of Moon’s orbit seldom aligns wit
Earth-Sun direction. When it does, you can

a full Moon at apogee or at perigee. When t
P

Full Moon (perigee) Full Moon (apogee)

1
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TIDES-
Differential Gravitational Force

.Force of gravity falls off with distance (1/r%), 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.

Earth’s

—

Copyright @ 2005 Pearson Prentice Hall, Inc.

Direction of motion

The Earth is stretched slightly by the lunar tidal force. But the Earth turns, and it and the oceans
don’t snap back into shape instantly, so there’s always a little extra mass leading the Moon. The

pull of this extra mass speeds up the Moon in its orbit and slows the turning of the Earth



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
dissinates the kinetic enerav from votuir 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 — 24.5°), minimizing seasonal extremes in
climate.

- Earth i1s 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 2: Bl _ by Quotie_r;t Remainder Eeus,

the year x 19 s a
“Astronomi e e - SR c 1ethod for
b 4 d =
b+ 8 25 g -
computing ", P R A
19a +b-d-g+ 15 30 vac h
4
312 + 2e+ 21 - h - k 7 o 1
a+11h+ 221 451 m =

h+1l=7m+ 114 31 n jo)

Then n number of the month (3 = March, 4 = April),
p+l day of that month upon which BEaster Sunday falls.



‘Missions to the
Moon:



4152010 List of missions to the Moon - Wikipedia
Spacecraft Launch datel] Carrier rocket?] Operator Mission type Outcome
; s 17 August 1958 Thor DM-18 Able IF] = USAF | Orbiter Launch failure
Pioneer
(Able | First attempted launch beyond Earth orbit; failed to orbit due to gearbox malfuncti ing in first
stage explosion.F’] Reached apogee of 16 kilometres (9.2 mi).l4l
23 September 1058 ] Luna I-oxm | Impactor | Launch failure
Luna E-1No.t == —
Failed to orbit; rocket disi dueto ive vibeation.P15]
11 October 1958 I Thor DM-18 Able ¥ I == NASA | Orbiter | Launch failure
Pioneer 1
{Able I Failed to orbit; premature second stage cutoff due to accelerometer failure. Later known as Pioneer 1.6
Reached apogee of 113,800 kilometres (70,700 mi).1¥]
11 Qctober 1958 | Luna | mm oKe-1 | impactor | Launch failure
Luna E-1No.2
Failed to orbit; carrier rocket due to i ion FlI%]
& November 1958 | Thor DM-18 Able | | m=nasa | oriter | Launch fsilure
Pioneer 2
{ApleTily Failed to orbit: premature second stage cutoff due to by ground third stage
failed to ignite due to broken i ion. Bl apogee of 1,550 kilometres (960 mi).I"]
4 December 1958 | Luna | o oKe-1 | impsctor | Launch tsilure
LunaB-1No.2 | rijlad to orbit: seal failure in hydrogen peroxide pump cooling system resulted in core stage
underpeffonnaneepls’
& December 1958 lJunoII IENASA IF?yby I Launch failure
Pioneer 3
—— Failed to orbit: premature first stage cutoff.[! Reached apogee of 102,380 kilometres (63.600 mi).{¥
2 January 1050 | Luna I B OkB-1 | Impactor | Launch failure
Mechta — —
(E-1No4) Carrier rocket guidance problem resulted in failure to impact Moon. flew past in a heliocentric orbit, later known
as Luna 1.¥! Closest approach 5,095 kilometres (3,725 mi) on 4 January.!
3 March 1050 lJmoII lgms;\ I Flyby | Partial failure
Pioneer 4 Second stage overperformance resulted in flyby at greater altitude than expected, out of instrument range, with
58,983 kil (36.650 mi) of di I Closest at 22:25 UTC on 4 March. First U_S. spacecraft
to leave Earth orbit.['"]
18 June 1850 | Luna | o oKE-1 | impsctor | Launch fsilur=
E-1A No.1 — =
Failed to orbit; guidance system malfunction.I
s 12 September 1950 [Luna |-0K9-1 | Impactor | Successful
(E1ANo2) Successful impact at 21:02 on 14 September 1959, First spacecraft to reach lunar surface.'2
tuna 4 October 1050 | Luna l-omm | Flyby I Successful
E2A1001) Returned first images of the far side of the Moon.!"%!
S—— 26 November 1859 | Atiss-D Able | m=nasa | oier | Launch failure
Able VB Failed to orbit!1!¥] payload fairing disintegrated due to design fault [l
15 April 1060 ll_.u_ng I-oo(m IFlyby I Launch failure
Luna E-3No.1
Failed to orbit; premature third stage cutoff.I*%]
16 April 1960 ]Luna I-OKB-1 |Fvyby | Launch failure
Luna E-3 No.2
Failed to orbit: rocket disintegrated ten seconds after launch.['S]
Pioneer P30 | 25 September 1960 | Atiss-D Able | m=nNasa | orbier | Launch failure
(Able ) Failed to orbit; second stage oxidiser system 2 ing in p cutoff [161115]
Pioneer P-31 15 December 1980 | Atias-D Abie | m=nasa | Omier | Launcn faiure
{Able VB)
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Spacecraft Launch datel'] | Carrier rocket®! ] Operator | Mission type I Outcome
_

Failed to orbit, exploded 68 seconds after launch, at an altitude of 12.2 kilometres (7.6 mi). Second stage

ignited while first stage was still attached and burning.{7l[15]

26 January 1982 | AtlssLV-3Agens8 | mE==nNasa | | failure
Ranger 3
P34) Partial launch failure due to guidance problem: attempt o correct using spacecraft’s engine resulted in it

missing the Moon by 36,793 kilometres (22,882 mi).[*2Il1%]
— 23 April 1062 | Atas v agenas | m=nasa | | failure

.an

F\ir;)& Failed to deploy solar panels, ran out of power ten hours after launch: incidental impact on the far side of the

Moon on 26 April 11201

18 October 1962 | Atasv3agenas  [E=nasa | | failure
Ranger §
{P-36) Solar panels erroneously disengaged from power system, failed 83/4 hours after launch when batteries were

depbted.l‘q Missed the Mcon as course correction was not eonvleted.ml

4 January 1963 | Molniya-L | B OKB-1 | Lander | Launch failure
Luna E-68 No.2

Failed to depart Low Earth orbit??! guidance system power failure prevented upper stage ignition.?%

3 February 1983 Molniya-L [l OKB-1 | Lander Launch failure
Luna E-6 No.3 | l l l

Failed to orbit: guidance failure.[23]

2 April 1963 | Molniya-L ] B OKB-1 | Lander | Spacecraft failure
Luna 4
{E6No4) Faltd bz pertoom, i courme correction.1?*! remained in high Earth orbit until given escape velocity by orbital

perturbation.
Rarae 30 January 1984 | AasLv-3AgenaB | m=nasa | |s failure
®54) Impacted on 2 February 1984, failed to return images due to power system failure.[2][25]

21 March 1984 | Molniya-M | oK1 | Lander | Launch failure
Luna E-6 No.6 —

Failed to orbit; third stage underperformed due to oxidiser valve failure. P!

20 April 1084 Molniya-M B OKB-1 | Lander Launch failure
Luna E-8 No.5 I l l l

Failed to orbit; power failure caused by broken ion resulted in p third stage cutoff 125

28 July 1964 IAI!as LV-3 Agena-B INASA ] Impactor ] Successful
Ranger 7

Impacted on 30 July 1964 at 13:25:48 UTC 2]

17 February 1965 I Atlas LV-3 Agena-B l = Nasa ] Impactor ] Successful
Ranger 8

Impacted on 20 February 1965 at 08:57:37 UTC 1281123
Kosmos 60 12 March 1965 Molniya-L 2] hkin I Lander I Launch failure
(E6No.g) o

Upper stage failed to restart due to guidance system short-circuit, 2%] Failed to depart low Earth orbit P20

21 March 1085 | Atlss Lv-3AgensB | m=NasA | impactor | Sucoesstul
Ranger @

Impacted on 24 March 1865 at 14:08:20 UTC.[28F31]

10 April 1965 | Molniya-L =] . | Lander | Launch failure
Luna E-8 No.8 ik Lovochk:

Third stage failed to ignite due to loss of oxidiser pressure, failed to orbit 122

2 May 1985 I Molniya-M ] - N Lander I Spacecraft failure
(iioa & Lavochkin
(EENa10) Loss of control after gyroscope malfunction. ! failed to decelerate for landing and impacted the Moon at 19:10

UTC on 12 May 1065.F2

https:ilen wikipedia.orgiwikilList_of_missions_to_the_Moon ang
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Spacecraft Launch datel'] Carrier rocket!?! Operator Mission type Outcome
8 June 1065 Molniya-M [~ ] . Lander Spacecraft failure
Luna B Lavochkin
{E6Na.7) Engine failed to shut down after ing mid- 128 flew past the Moon in a
heliocentric orbit B3
. 18 July 1985 Molniya = i l Flyby I Successful
(3MV-4 No.3) FlewpstlheMoonun20Juty1905atads'aneeobeDOklomenes(57DOm)[3‘lCondumdlednology
ion for future pl: ¥ 28]
Luna 7 4 October 1965 | Molniya -| hkin I Lander I Spacecraft failure
(EGNo.11) Attitude control failure shortly before landing p descent; i d the lunar surface 22:08:24
UTC on 7 October 198512
i -
Lunas 3 December 1965 | Molniya L hkin Lander Spacecraft failure
(EGNo.12) Landing airbag punctured, resulting in loss of attitude control shortly before pl d 28]
Moon on 6 December 1965 at 21:51:30 UTC P8
i |2z
— 31 January 1968 | Molniya-M h hkin Lander Successful
(EGNo.13) First sp ft to land on the Moon. Touchdown on 3 February 1986 at 18:45:20 UTC 7!
Returned data until 6 February at 22:55 uTc P8
Kosmos 111 1 March 1966 | Molniya-M | -I hkin | Orbiter | Launch failure
{E-65 No.204) —
Upper stage lost attitude control and failed to ignite:*%! spacecraft never left low Earth orbit. [P
: B3 Z
31 March 1966 | Molniya-M | L nkin Orbiter Successful
Luna 10 ==
(EBSNo.208) Enterad orbit at 18:44 UTC on 3 April 1966, becoming the first spacecraft to orbit the Moon. %] Continued to
return data until 30 May.psl
30 May 1986 | Atias Lv-3C Contaur-D | mE=NASA | Lander | successtul
Surveyor 1 Lam?ed] in Oceanus Procellarum on 2 June 1966 at 08:17:38 UTC.[3%] Retumned data until loss of power on 13
July! Y
1 July 1966 I Delta E1 I B NASA l Orbiter I Launch failure
Explorer 33
(AMP-D) Magnetospheric probe; rocket imparted greater velocity than had been planned, leaving spacecraft unable to
enter orbit P8l Repurposed for Earth orbit mission which was completed successfully.
10 August 1068 l Atlas SLV-3 Agena-D l = NASA l Orbiter I Partial failure
Lunar Orbiter 1 | orhisal insertion at around 15:38 UTC on 14 August. Deorbited early due to lack of fuel and to avoid
communications interference with the next mission, impacted the Moon at 13:30 UTC on 28 October 1086 143
21 August 1966 Molniya-M | Lavochkin | Orbiter Partial failurel3]
Luna 11 Entered orbit on 28 August 1966. Failed to retum images; other i P “‘,F”‘" di d
(EGLF No.101) gamma ray and x-rax observations to study the composition of the Moon & the lunar gravitational
field, the p ites in the lunar envi and the i at the Moon. Ceased
operanons on1t October 1966 after power was depleted.[44]
20 September 1966 ] Atlas LV-3C Centaur-D [ == NASA [ Lander ] Spacecraft failure
Surveyor2 One thruster failed to ignite during mid- i ,nnlossofeomol.mlmpamd
the Moon at 03:18 UTC on 23 September 1968.14%
Luna 12 5 | :
(E8LF No.102) 22 October 1966 I Molniya-M I Kin l Orbiter ] Successful
hetps:/ien wikipedia.org/wikilList_of_missions_to_the_Moon 4119
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Spacecraft Launch datel'l l Carrier rocketP] I Operator | Mission type I Outcome
Entered orbit on 25 October 1966 and returned data until 19 January 196718 Completed photography mission
intended for Luna 11.%]
& November 1986 | Atias SLV-3 AgenaD | m= NasA IOrbitet | Successtu
Lunar Ombiter 2 | =ntared orbit at about 18:51 UTC on 10 November 1986 to begin p ing mission. on
the far side of the lunar surface following deorbit bum on 11 October 1067 at end of mission. 7]
i 2]
s 21 December 1968 Molniya-M Lavochkin Lander Successful
(EBMNo205) Successfully landed in Oceanus Procellarum at 18:01 UTC on 24 December 1866 8] Returned i images from
the surface and studied the lunar soil. i3] Operated until depletion of power at 08:31 UTC on 28 December 23]
5 February 1967 | Atlas SLV-3AgenaD | EE==NASA | Orbiter | successtul
Lunar Omiter 2 | =ntared orbit at 21:54 UTC on 8 February 1967. Deorbited at end of mission and impacted the Mcon on 9
October 1967 1%
17 April 1067 | Atias Lv-3C Centaur-D | mE=NASA | Lander | successful
Surveyor 3 Landed at 00:04 UTC on 20 April 1967 and operated until 3 May.F%l5"] visited by Apollo 12 astronauts in 1969,
wimsomepansmnwedfonemmloEanh.lszl
4 May 1067 | Atlas sLv-3AgensD | m=nNasa | Orsiter | sucossstu
Lunar Ombiter4 | =ntared orbit at 21:54 UTC on 8 May 1987, operated until 17 July. Decayed from orbit, with lunar impact
occurring on 8 October 1987. 150153
14 July 1067 [ Atlas LV-3C Centaur-D | == NASA I Lander I Spacecraft failure
Surveyor 4 Contact with spacecraft lost at 02:03 UTC on 17 July, Moandahadfmmlesbeforescheduledlandingm
NASA ined that the may have loded, iti d the Moon.
_— 18 July 1967 l Delta £1 IENASA I Orbiter ] Successful
rer
%2)_ the Moon and i space. D d on 27 June 1973158
Presumed to have unpmedthe Moon during the 1970s. lsq
1 August 1967 | Atas SLv-3 AgenaD | m=Nasa | oriter | successtul
Lunar Orbiter 5 | gina) mission in the Lunar Orbiter series, entered selenccentric orbit on 5 August at 18:48 UTC and conducted
a photographic survey until 18 August. Deorbited and impacted the Moon on 31 January 1968 157
8 September 1867 | Atias SLV-3C Centaur-D | == NASA | Lander | Successful
Surveyor 5 Landed in Mare T#ﬁ tic at 00:46:44 UTC on 11 Last signals d at 04:30 UTC on 17
December 1967.
] i
—_ 27 September 1967 | Proton-K/D Lavoonkin | FY2Y Launch failure
No.AL Te ion for Failed to reach orbit after a blocked propellant line
caused one of the first stage engines to not ignihe.m
7 November 1957 [AﬂasSLV—SCCemaur—D | = NASA lLander l Successful
Surveyor 6 Landed in Sinus Medii at 01:01:04 UTC on 10 November.I*%] Made brief flight from lunar surface at 10:32 UTC
on 17 Novem| by second landing after travelling 2.4 metres (7 ft 10 in). Last contact at 10:14 UTC
on 14 December[53]
B3 i
S 22 November 1967 | Proton-K/ID Lavochkin Flyby Launch failure
No.5SL Technology ion for pl. d d unable to achieve orbit after second stage engine
failed to ignite.[5C]
7 January 1968 l Atlas SLV-3C Centaur-D I = NASA I Lander l Successful
Surveyor 7 Final SurveyormlssmmLanded29hlumeu'es(18m|')frmnm<:rateratm0536 UTC on 10 January.

Operated until 21 February 1968. 1
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Spacecraft Launch datel! Carrier rocketl! Operator Mission type Outcome
Luna E-BLS 7 February 1968 Molniya-M Kin Orbiter Launch failure
Failed to orbit after third stage ran out of fuel [5]
7 April 1968 Molniya-M 2] ¢ Orbiter | Successful
Luna 14 Lavochkin
(E6LSNo.113) Tested communications for proposed manned missions and studied the mass concentration of the Moon.
Entered orbit on 10 April at 19:25 UTC.
22 April 1968 |Prmwp_ - in | FYBY I Launch failure
Soyuz 7K-L1 =SS
No.7L Te ay ion for Failed to orbit after second stage engine incorrectly
commanded to shut down. S aft was d using its pl ype launch escape gﬁgﬁ'l
=] i
14 September 1968 I Proton-K/D h hkin Flyby., circled Successful
Zond & Two tortoises and other life forms on board a tech for pl d missions. Made a
(TK-LT NoL) closest approach of 1,850 kilometres (1,150 mi) on 18 September, andenledmeMombebreremngm
Earth. Landed in the Indian Ocean on 21 September at 16:08 UTC, becoming the first Lunar spacecraft to be
recovered successfully and carried the first Earth life to travel to and around the Moon 5]
2]
10 November 1968 I Proton-K/D l L hkin Fiyby Spacecraft failure
Zond 8 - == :
(TK-LTNo.12L) Technology for pl. d Flyby don 14 ", with 3 closest
approad\of2420kﬂome¢ms(|500ml)!“1" d Earth's on 17 g
recovery was after were p y jettis d.e1l
21 December 1968 I Saturn V [ == NASA l Manned orbiter l Successful
Apolio 8 First manned mission to the Moon: entered orbit around the Moon with four-minute bum beginning at
o 08:58:52 UTC on 24 December. Completed ten orbits of the Moon before retuming to Earth with an engine burn
at 08:10:16 UTC on 25 December. Landed in the Pacific Ocean at 15:51 UTC on 27 December.[5]
2] -
20 January 1969 l Proton-K/D [ in | Fivby Launch failure
TK-L1
;: Technology ion for p issi Fanledloorbnaﬂeroneofhefwrsecondstage
gines shut down p ly. Third stage engine also shut down p y. The ft was
using its launch escape syshem I55]
[ <) i
Luna E-8 19 February 1969 I Proton-K/D I L hkin Lander/rover Launch failure
No.201
First launch of the Lunokhod rover. Launch vehicle disintegrated 51 seconds after launch and e:q;tloded.psl
21 February 1969 | N1 I B oKB-1 I Orbiter I Launch failure
Soyuz 7TK-L1S | First launch of N1 rocket; intended to orbit the Moon and retum to Earth. First stage prematurely shut down 70
No.2 seconds after launch; launch vehicle crashed 50 kilometres (31 mi) from launch site. Spacecraft landed some
35 kilometres (22 mi) from the launch pad after successfully using its launch escape system.[“]
18 May 1969 I Saturn V [ == NASA l Manned orbiter | Successful
Apolio 10 Dress rehearsal for Apollo 11. Lunar Module with two on board d ded to a di of 14.328
kilometres (8.902 mi) above the lunar surface 7]
14 June 1968 Proton-K/D = . | Sample return | Launch failure
Luna E-8-5 e | Lavochkin
No.402 Intended to land on the Moon and return lunar soil sample. Did not reach Earth orbit after fourth stage failed to
ignite. (58]
Soyuz TK-L1S | 3 July 1868 | Nt | B OKB-1 | Orbiter | Launch failure
No.5
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Spacecraft Launch datel] I Carrier rocket!?] | Operator I Mission type I Outcome
Intended to orbit the Moon and return to Earth. All first stage engines shut down 10 seconds after launch;
launch vehicle crashed and exploded on the launch pad. Spacecraft landed safely 2 kilometres (1.2 mi) from
the launch site after using launch escape sequeﬂee.Pq
13 July 1969 Proton-K/D = 5 I Sample return I Spacecraft failure
Luna 15 I i a— I Lavochkin
(E-8-5 No.40T) Reached lunar orbit at 10:00 UTC on 17 July. Descent ratro-rocket bum started at 15:47 UTC on 21 July.
Contact lost 3 minutes after de-orbit bum; probably crashed on the Moon.
Manned
18 July 1988 | Satun V = NASA ks ] Successful
Apolio 11
First manned landing on the Moon. The Apollo Lunar Module (LM) Eagle landed at 20:17 UTC on 20 July
1069.
7 August 1969 Proton-K/ID - . l Flyby I Successful
Zond 7 I S Lavochkin
TLTRo1L) Technology ion for Lunar fiyby on 10 August, with a closest approach of
1.200 kilometres (750 mi); retumned to Earth and landed in Kazakhstan at 18:13 UTC on 14 Angust,lasl
] i
23 1969 | Proton-K/D L hkin Sample return Launch failure
(E-85 No.403) Third attempt at lunar sample retum. After reaching low Earth orbit, the fourth stage engine failed to fire for
trans-lunar injection due to oxidiser leak. Spacecraft re-entered Earth’s atmosphere about 4 days after
launch.
] i
22 October 1968 | Proton-K/D h hkin Sample return Launch failure
Kosmos 305 e
(E-85 No.404) Fourth attempt at lunar sample return. After reaching low Earth orbit, the fourth stage engine failed to fire for
trans-lunar injection due to control system malfunction. Spacecraft re-entered Earth's atmosphere within one
orbit after launch [®€]
Manned
=
i 14 November 1962 | Satun V | == NASA Horfiander | Successful
Second manned lunar landing.
Luna E-8-5 8 February 1970 | Proton-K/ID -I hkin l Sample return ‘ Launch failure
No.405 —
Failed to orbit.
. Manned "
-—
11 April 1970 | Satum V |-=NASA Na ] Spacecraft failure
Apolio 13
Lunar landing aborted following Service Module oxygen tank explosion enroute to the Moon; flew past the
Moon (free-retumn trajectory) and retumed the crew safely to Earth.
Luna 16 12 September 1970 Proton-K/D =] Xin Sample return Successful
{E-8-5 No.408) Lavochkin
Zond & 20 October 1970 IPrmon—KfQ 3 & IFryby I Successful
{7K-L1 No.14L) I
gy ion for pl. d isSi to Earth
Luna 17 10 November 1970 Proton-K/ID -I Kin L |
{E-8No203) =
Deployed Lunokhod 1.
Manned
i % 31 January 1971 | Saturn V | = NASA OrbiteriL I Successful
Third manned lunar landing.
Apollo 15 -_— Manned
26 July 1971 Satun V == NASA biterNlander/rover Successful
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Spacecraft Launch datel'] I Carrier rocket®! I Operator ] Mission type | Outcome
Fourth manned lunar landing.
28 July 1971 | satumv | m=nNasA | Orsiter | Successtul
PFS-1 — e
—— Deployed from Apolio 15.
Lifa1s 2 September 1971 Proton-K/D | -l hkin I Sample return | Spacecraft failure
(E-85 No.407) —
Failed during descent to lunar surface.
Luna 19 | "
na x2) 28 September 1971 |Pmon—Kl_Q II hkin ]0rb|ter I Successful
Luna 20 - 14 February 1072 I Proton-K/D I Sample return | Successful
16 April 1972 | Saturn V Manned | fi
Apollo 18
Fifth manned lunar landing.
16 April 1072 Satumn V ] Orbiter I Successful
PFS-2
Deployed from Apollo 18.
Soypuz TLOK | 3uly 1972 | N1 | B oKB-1 | Orbiter | Launch iture
Not Failed to orbit: intended to orbit the Moon and retum to Earth.
Manned
-—
s 7 December 1972 Saturn V I_NASA sterflanderfrover | Successful
Sixth and last manned lunar landing.
i o4 & January 1073 Proton-K/ID - Il I
(E8No204) —
Deployed Lunokhod 2.
Epirrss 10 June 1073 | Deta 1212 | m=nasa | oriter | successtul
Radio y ift, d in selenocentric orbit to avoid i from ial radio
Mariner 10 3 November 1973 | Deta 1913 | ==nasa | Fiyby | successtu
¥ pped lunar north pole to test cameras.
Luna 22 2] ’
una ) 29 May 1974 | Proton-K/ID l L hkin I Orbiter | Successful
Luna 23 28 October 1974 | Proton-K/ID l -l hkin I Sample return | Spacecraft failure
(E-8-5M No.410)
Tipped over upon landing.
LunaE.g.sm | 18 October 1975 | Proton-K/D l - I Sample retum | Launch failure
No.412 —_—
Failed to orbit.
|
2 August 1976 | Proton-K/ID i Kin Sample return Successful
Luna 24
(Euf..aTNko) Final mission of the Luna programme. Entered orbit on 11 August 1976 and landed in Mare Crisium at 16:38
UTC on 18 August. Sample capsule launched at 05:25 UTC on 18 August and recovered 96 ,&' hours later.5¢]
Returned 170.1 grams (6.00 oz) of lunar regoiith. 551
R 12 August 1878 | Detia 214 |m=neasa | Greviyassst | Successu
(ICEExplorer 58) | 72 Aybys in 1982 and 1983 en route to comet 21P/Giacobini-Zinner.
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Spacecraft Launch datel’l Carrier rocket?! Operator Mission type Outcome
24 January 1980 Mu-33-11 @ ISAS Flyby/Orbiter Successful
Hiten
(MUSES-A) Designed for flyby. placed into selenocentric orbit during extended mission after failure of Hagoromo. Deorbited
and impacted in USGS quadrangle LQ27 on 10 April 189,70
24 January 1990 Mu-35-11 | https://en.wnklped|a.org/W|kj/SeIenocentrlc_orbltI
Deployed from Hiten. Communications failure; entered sels ic orbit but d no data.
o= . .
i 24 July 1992 Delta 11 6825 |SAS/NASA Gravity assist Successful
Series of flybys to regulate high Earth orbit.
— 1 November 1994 Ioenaunzmo IgNASA lGravityass&st I Successful
. oo U gL B 1A nis
Made two fiybys on 1 December 19984 and 27 December 1994 to reach the Earth—Sun L1 Lagrangian point.
) Titan |l (23)G Star- ] 2
clemeé':me 25 January 1994 I 37EM ﬁ?AFINASA Orbiter Successful
DsPSE) 2420 it o ata)
C Lunar objecti failed ing departure from selenocentric orbit.
24 December 1967 l Proton-K/DM3 I B Hughes l Gravity assist I NiA
HGS-1 Communications satellite: made two flybys in May and June 1988 en route to geosynchronous orbit after
Lunar 7 January 1998 | Athena Il | _ NASA I Orbiter l Successful
{Discovery 3)
Nozomi 3 July 1988 IM_-V I ® ISAS lGravityassist I Spacecraft failure
(PLANET-B) Two fiybys en route to Mars.
30 June 2001 | Delta 11 7425-10 |=NASA [ Gravity assist | Successful
Flyby on 30 July 2001 to reach the Earth-Sun L2 Lagrangian point.
27 Seplember 2003 | Ariane 56 |EEss | omier | successtul
SMART-1
I d moon in USGS quadrangle LQ26 at end of mission on 3 September 2006.
25 October 2008 l Delta 11 7825-10L I e NASA l Gravity assist I Successful
STEREO A
Flyby on 15 December 2006 to enter a heliocentric orbit.
25 October 2006 I Delta 11 7925-10L I = NASA l Gravity assist I Successful
STEREOB
Made two flybys on 15 December 2006 and 21 January 2007 to enter a heliocentric orbit.
17 February 2007 I Delta 117925 I == NASA l Orbiter I Operational
ARTEMIS P1 e ——
THEMIS sp aft moved to sels ic orbit for ded : entered orbit July 2011.
17 February 2007 ] Delta 11 7925 I == NASA [ Orbiter ] Operational
ARTEMIS P2
THEMIS sp aft moved to ic orbit for ded : entered orbit July 2011.
— 14 September 2007 I H-l1A 2022 I o JAXA l Orbiter I Successful
agug)~ Impacted the Moon in USGS quadrangle LQ30 at end of mission on 10 June 2000.011
- 14 September 2007 IH-quozz I * JAXA lOrbite( I Successful
a
{RSAT) Deployed from Kaguya, decayed and impacted Moon in USGS quadrangle LQO8 on 12 February 2009 after
end of mission.
_— 14 September 2007 | H-llA 2022 I o JAXA l Orbiter l Successful
€ ) Deployed from Kaguya, completed operations on 28 June 2008{72 but remains in selenocentric orbit.
Chang'e 1 24 Qctober 2007 | Long March 3 | Bl onsA | orier | sucoesstu
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I—Sp-u—:a!l— Launch datel'] I Carrier rocket?! [ Operator ] Mission type I Outcome
Moon in USGS q gle LQ21 on 1 March 2009, at end of mission.
21 October 2008 I PSLV-XL ] m— ISRO l Orbiter I Mostly successful
Chandrayaan-1 | 5, aeded through mission, terminated the mission in 2008, remains in sel ic orbit; di d water
on Moon.["3]
Moon Im 21 October 2008 I PSLV-XL [ —— ISRO I Impactor I Successful
Ebe Deployed from Chandrayaan-1. i Moon in USGS quadrangle LQ30 on 14 November 2008.
}'-!'."‘_“' aissance | 18 June 2008 Atlas V 401 I == NASA | Orbiter | Operational
Orbiter
18 June 2008 | Atias v 401 | m=nasa | impactor | successtu
LCROSS Observed impact of Centaur upper stage that launched it and LRO, then impacted itself. Impacts in USGS
quadrangle LQ30.
1 October 2010 lL_oggMathC J-CNSA lOrbitet | Successful
Chang'e 2 Following completion of six month Lunar mission, deparied selenocentric orbit for Earth-Sun L2 Lagrangian
point™4] subsequently fiew by asteroid 4178 Toutatis. "]
10 September 20117877] I Delta 11 7920H ] == NASA ] Orbiterd™! I Successful
Ebb
(GRAIL-A) Part of the Gravity R y and Interior Laboratory. ™ i the Moon in USGS quadrangle LQO1 on 17
December 2012 at end of mission. "3}
10 September 20117EFT] I Delta 11 7020H lgNASA ] Orbiter ™8 I Successful
Flow —
(__—Wll -B) Part of the Gravity Recovery and Interior Laborabry.m impacted the Moon in USGS gquadrangle LQ01 on 17
December 2012 at end of mission."%!
7 September 2013 | Minotaur v | ==nasa | oriter | successtul
LADEE Mission ended on 18 April 2014, when the fi's intentionally crashed LADEE into the far side
of the Moon.
1 December 2013 I Long March 38 l Bl chsa I Lander I Operational
Chang'e 3 :
Entered orbit on 6 December 2013 with landing at 13:12 UTC on 14 December.
1 December 2013 I Long March 38 l B cnsA I Rover I Mostly successful
Yutu
Deployed from the Chang'e 3 lander, which landed on the Moon.
23 October 2014 I Long March 3C l Bl cnsa I Flyby I Operational
Chang'e 5-T1 =
D ion of re-entry capsule for Chang'e 5 sample-retum mission at lunar retumn velocity.
—
Manfred 23 October 2014 Long March 3C I = | Flyby | Successful
Memorial Moon | LuxSpace
Mission Attached to third stage of CZ-3C used to launch Chang’s 5-T1.
s 18 April 2018 | Falcong FunThrust | m=nasA | Gravityassist | Successiul
Flyby on 17 May 2018 to designated high Earth orbit ]
21 May 2018 lwmm«: I-CNSA IG”."”’“‘”‘S"Lz | Operational
Queqiao
Entered designated Earth—Moon L orbit on June 14 in preparation of Chang'e 4 far-side lunar lander in
December 2018.
21 May 2018 Il_.gguamn«: I-CNSA lOrbiter I Spacecraft failura
Longjiang-1
Launched on the same rocket as Quegiao and Longjiang-2 but it never entered Moon orbit.[31]
Longjiang-2 21 May 2018 ILLngMard‘MC I-CNSA IOlbitet I Operational
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Spacecraft Launch datell | Carrierrocket?®! | Operator | Missiontype | Outcome
Launched on the same rocket as Quegiao and Longjiang-1.
7 December 2018 I Long March 38 l Bl cnsa I Lander/rover I Operational
Chang'e 4 Landed 3 January 2019 and deployad the Yutu-2 rover to explore a large basin on the far side of the
Moon.[B2EE3]
o =1
22 February 2019 Falcon 8 s L Lander Spacecraft failure
Beresheet First Israeli and first privately funded lunar lander mission. Technology d ation. | ion included
a magnetometer and laser retrorefl [54385) Sp ft hed into the lunar surface after main engine
failure during descent from lunar orbit phase.




Future missions

There are 1 fu lunar heduled or d by tions or ati
Funded and under development
Robotic
Agency or Launch Launch o
Country y Name die vehicle Nature of mission
i India ISRO Chandrayaan-2 | 03,2019 | SSWYMK | | ander, rover, in-situ analyses
Q4 Private lander technology demonstration;
== USA Moon Express | Lunar Scout 201'w51 Electron lander carries the | ional Lunar
Observatory
: December | Long
[l China CNSA Chang'e 5 201657 | Marghs | Ssmple-retum
NASA, ESA ek sLs Primary: uncrewed test of Crion
= USA and CubeSat EM-1 20206%8] Biock 1 spacscraft in lunar flyby: secondary: 13
partners CubeSats
troboti Private technology demonstrators:
= UusA ?eeh ; Peragri 2020°" | Atlas V Peregrine lander and 3+ rovers: Andy,
Hakuto, Unity
Bl china CNSA Chang'e 8 202012 m 5 | Sample-retum from the lunar south pole
g0 al Private technology demonstration of
German PTScien 23]
I Germany tists BUNA 20201 Falcon® | | der and roverl®s]
Korea Pathfinder D \
i@ South Korea | KARI Lunar Orbiter 2020‘95?“ E Orbiter, technology demonstrator.
(KPLO) -
® Japan JAXA SLIMEE] 202111 | H-IA202 | Pinpoint landing, roving!'0PA101X102]
z May Soyuz, Lander will explore natural resources, part
m Russia Roscosmos Luna 25 1 2.1b/ ¢
=Hnasy 20210103 | 2 wam | of Luna-Giob programme.
mm Russia R: Luna 28 2022{104] | Soyuz-2 | Orbiter, part of Luna-Glob programme.
- Lunar fiyby toward asteroid 3200
® Japan JAXA DESTINY+ 2022 Epsilon Phaethonl105]
B Russia Roscosmos Luna 27 2023l708] | Soyuzl107] | Lander, part of Luna-Glob programme.
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Crewed

comey | Sy | e | e [ o fmsin

June Crewed test of the Orion spacecraft on a free-retum trajectory
E=S USA | NASA Em2 20221%%8] | Biock 1 | around the Moon.
-— 09] Space tourism and art project; free-return trajectory and Earth
E=USA | SpaceX DearMoon | 2023l'* | BFR | PR ST BR Starship.

sLs Deliver European System Providing Refuelling, Infrastructure
11 and Telecommunications (ESPRIT), the U.S. Utilization
E=USA | NASA EM3 2024170 | Block | iscile- and an sirlock 1 the Lunar Orbtsl Plsform-Gatewsy
(LOP-G).

- Faderation 1) | Seyuz- e
Rinsia | Roscosmos 2025l" "_’-E Crewed lunar orbit

Proposed but full funding still unclear

Robotic

The following robotic space probe missions have been proposed:

Country Name Proposed launch Nature of mission

Private Synergy Moon | 2019 Rover

Private | Teamindus 2019i"13 Rover

Private | Nova-C 2021113114] Commercial lunar lander

China | Change 7 2023 South pole lander! 15!

NASA I(';:w e 2023 Polar rover to scout for water: mass: 300 kg - 500 kg ['16]

Luna 28, Luna Technology for prospecting water and other

Russi. 29, Luna 30, 2024-2026(1%3 natural resources needed for a future lunar base; part of

RUSSia | | yna 31 Luna-Glob prog

gﬂa Chang'e 8 2026 South pole lander115]

o] Moon

Noth | \eoconnn | 202811

Korea

-— May compete in New Frontiers v

vy MoonRise ram NF5 selection in the late | Sample return from South Pole—Aitken basinl"

Usa Soa0ae e e

==

USA BOLAS TED Two tethered CubeSats on a very low lunar orbit. [27]
Crewed
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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



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
Nell 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.




Future of
Humanity and
the Moon:
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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,
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Colonizing and Industrializing the Moon

(see Isaac Arthur video: https://www.youtube.com/watch?v=bGcvv368305s)

.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
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