Exploration and Geology of the
Earth’s Moon




Jules Verne
From the Earth
to the Moon
(1860)

- Foresaw military
impetus for rocket
program







By Rocket to the Moon)
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TWO YEARS IN THE MAKING!
Ilestmatlon Moon -. |

Peoduced by GIORGE PAL Diretrad by IRVING MICHEL

senploy by FIF VAN RONKIL ROBIAT MEINLEIN ond JAMES OMANION
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Radar Men from the Moon
[aka Planet Men from Mars; Retik, the Moon Menace)
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YOU'VE NEVER SEEN ANYTHING LIKE IT

RLS « ue CAT-WOMEN

[1953]



Tsiolkovsky Goddard



Konstantin
Eduardovitch
Tsiolkovsky
(18971-1933])

Russian School
Teacher
Pioneerin
Soviet
Rocketry




Wrote Free Space (1883) @ Age 26
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Tsiolkousky

28 Mar 1883 — Reaction principle in
1899 - Publishes

29 Aug 1898 - Reaction thrust motor

1903 - Publishes
Liquid oxygen
and liquid hydrogen design and all
basic equations for rocketry provided
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Tsiolkovsky

P

Envisioned passenger rockettrai of 2017
The rocket would be 300 long aasi8

Wrote 60 articles on astronafitic
astronomy, physics, mecha |
and philosophy between 1925 ani 183

193% - Publication ﬂf [ )
refersto Snacﬂﬂlght and l'ﬂﬂ
> -




Robert H. Goddard
(1882-1949)

Father of
American Rocketry
Independent
Experimentalist




On the morning of 16 March 1926 barely a
year after Wernher von Braun's rocket wagon
fiasco, Goddard launched a liquid-powered
rocket he had designed and builtfrom a
snow-covered field at his Aunt Effie Goddard's
farm in Auburn, Massachusetts

The rocket flew only 46 meters -- ahout the
same distance as the Wright Brothers' first
manned flight -- it was the first flight of a
liquid-fueled rocket in history
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Aunt Effie Goddard's
farm in Auburn, Massachusetts




Independently developed liquid fuel rockets

1909 - Discovers that liquid hydrogen and liguid
oxygen served as efficient propuision

1912 - Mathematic proof of the feasibility of using
rockets for high altitude or lunar flight

1914 - Receives U.3. patent for multi-stage rocket
and proves rocket would work in a vacuum



1919 - Publishes paper on Moon travel hut the
suhject of public ridicule. Prompts 16-year
exile from public eye

1926 -

1929 - First scientific payload on a rocket
(Barometer and Camera)

1932 - Guidance systems and gyro control

1937 - Guided rocket launched with gimbaled
motor and gyro mechanism
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Zeitschrift (ﬁr Raumschiffahrt

Monthly Journal In 1% Sl.unden
of German Society | . umdiekr de X .
for Space Travel | y .

Breslau Januar-Juni

Erganzungsheft



Max Ualier
19 Mar 1928

Member of
German ViR
(Society for
Space Travel)

Rocket Gar (Opel)
Used Liquid
Propellant
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Soviet Union
Rynin’s
Interplanetary
Communications
Vol. 3
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Nine-Volume
Encyclopedia
[1928-1932)




(1894-1989)

Bornin
Hermannstadt,
Transylvania,
Romania

Read Jules Verne
at Age 11-Fascinated
with Space Travel




Publishes
(The Rocket into Planetary Space, 92 n.)in 1923
A longer version in 1929 (429 p.) gained acclaim

Worked with U‘ i
Dr. Wernher R W
von Braun first '
in the 30s, then
at Peenemunde

during WWII, and
inthe U.S.inthe
1930s and 1960s




Oberth Rocket
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Rudolf Nebel and Wernher von Braun (age ~19)

Oberth's Repulisor Rockets at Raketenflugplatz (~1932)



By 1932 the German Army was heginning to show
an interest in the German Rocket Society's efforts,
and in July of that year a Mirak rockel was launched
as a demonstration for the head of the newly
created German Army rocket research group,
Headed hy Captain Walter Dornherger.

The Mirak rocket didn't impress Dornberger but
von Braundid. Three months after the Mirak flight,
von Braun was engaged to work on liquid propelled
rockets for the Army. Most of the German Rocket
society followed von Braun into national service
and the society officially dishanded.



German Rocket
scientists Worked
for Nazi War Effort

To Develon Weapon
Systems Not Barred
hy WWI Treaties

At One Point,

was Arrested and Jailed
hy - Who Felt That
von Braun More Interested

in Rocket Science than

Weapons Development
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Peenemunde
Rocket Facility
on Baitic Coast

Established 1936

B - Engineering

G - Production Plant
- Test Stands

E - Military Camp

F-Residential Area




Rocket Depots
after Rugust 1943
British Bombing
of Peenemunde

Extensive Use of
POWSs and
Transport Tunnels
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sergei Paviovich Korolev (1907-1966)

Grand Designer
soviet Rocket Program




1954 - Soviet Planning for IGY Prompted
Scientific Paper on Satellites hy Korlev

1999 - Soviet Academy of Sciences,
inspired by Korolev's paper, meet to create
“Gommission for Interplanetary Travel”

1993 - 0n 29 August Korolev Submits Plans
for a Satellite to the Soviet Leadership for IGY



V-2 Rocket
Captured hy
Americans
at Peenemunde
Launched from
White Sands, NM
1946



The IGY Satellite Race

International Geophysical Year (IGY)

Actually a year and a half from 01 July 19317
to 31December 1998

Glohal Agreement and Effort to Launch
Satellites for Peaceful Scientific Purposes

Yet, Underlying Military Impetus for Spaet
Programs, as originally stated hv Jules Vern
in1865 .






1991




Who's In Charge Here?

By 1999, the U.5. Navy was charged
with developing their Vanguard
Program to launch first U.S. satellite

NACA [National Advisory Committee
For Aeronautics) hecame in1998



Launched 04 Oct 19357
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Clever Marketing Ploy
as Sputnik Signals on
Ham Radio Frequency

s

—Dallags News Staff Phoo,
SIGNALS FROM THE SATELLITE
Ham operator Roy Welch of Dallas, seated, plays a
tzpe-recorded signal from the Russian space satel-
lite for fellow hams at the State Fair of Texas. Welch
recorded the signals on a receiver at his home.




Sputnik 2 Laika
03 Nov 1957

Massive Satellite
Weighed 1,120 Pounds




By 1931, the Soviets had big IGBMSs -
U.3. had yet to test the far smaller Atlas.

The Soviets had the glory of launching the
Space Age - avast gain in prestige for the
Communists and morale hiow to the West.

If the Soviet ICBM was reliable and effective
and put into mass production, and if the
Americans failed to catch up or take vital
counteractions, the Soviets might gain a
first-strike capability within a few years.
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SR
-

EXplosion
06 Dec 19517

Hopes of American
Space Program
Topple along with
Cracked Nose Gone of
Navy Vanguard Missile
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31Jan 1958

successful Launch
of Exploreriona
U.S. Army Jupiter-G
(V-2 Design)

In Less Than 2 Months
Retooled Launch
Facility at Gape for
an off-the-shelf

- Redstone - Launch
% \ehicle 29 (UE)




SATELLITE SATELLITE

exTRA Qhe Thuntsville Times extra

Jupiter-C Puts UpMoon

Wail Of Sirens Eisenhower Officially Announces

Brings In Era Hyunigyille Satellite Circles Globe

On Space Here Weather Change
+ GO The Sqsare Sped Launching
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- —

- =9 Labs Here : e e e v
v Aided Project ArmyReveals = ...
=+ = Of Launching Second Moon == -
| N1 ‘ Is Scheduled | -
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Instruments for cosmic rays, \
temperature, micrometeorites f
together with low- and high-power
radio transmitters



Vanguard |
17 March 1998

SATTERY POWIRID
¢ TRANSMITTER

SOLAR CELL

NSTRUMENTATION
FACKAGE

BATTIRIIS

» ANTENNA

SOLAR POWERED
TRANSMITIER

T SEPARATION MECHANISM

VANGUARD |




IGY Satellite Orbits

VANGUARD |

/ EXPLORER III
EXPLORER |

SPUTNIK I

SPUTNIK 11l
SPUTNIK |
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Soviet Luna Program 1939-1969
02 Jan 1999 - Luna 1 (Bypassed Moon 4,600 mi)

12 Sen 1959 - Luna 2 (Lunar Impact)
040ct1999-Luna3d

02 Apr 1963 — Luna 4 (Bypassed Moon hy 4,300 mi)
09 May 1965 - Luna 5 (impacted on Lunar Surface)
08 Jun 1965 - Luna 6 (Bypassed Moon)



Lluna3
040ct 1959

Two Years After
Sputnik I - First
Human View

of Lunar Farside

'L




Yuri Gagarin

1939-1968

12 Apr 1961




21 March 1968



1998-1963




Alan Shepard
1923-1998

Second Human
into Space
[Suborhital)

0% May 1961
Mercury 3 Mission
Freedom 7 Craft




Shepard Suborhital Splashdown Rescue
May 1961




President John k. Kennedy
12 Sent 1962

Rice University
Houston, TX

‘We choose lo go
1o the Moon in '
this decade and
do the other things, lmmaaallse they are
easy, but because they are hard,”

Stated to Congress in May 1961




Project Ranger
(1961-1969)

26 Jan 1962 - Ranger 3
23 Apr 1962 - Ranger 4
18 Oct 1962 - Ranger 9
30 Jan 1964 - Ranger 6
28 Jul 1964 - Ranger 7
171Feh 1969 - Ranger 8
21Mar 1965 - Ranger 9




Lunar Surveyor Program
[1966-1968)

30 May 1966 - Surveyor 1

20 Septemher 1966 — Surveyor 2
17 April 1967 - Surveyor 3
14 Jul 1967 - Surveyor 4
08 Sep 1967 - Surveyor
07 Nov 1967 - Surveyor 6
07Jan 1968 - Surveyor 7

Soft landing for imaging and
testing of lunar surface for
Apollo missions
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Lunar Surveyor
Spacecraft




Lunar Surveyor
Images from the
Moon's Surface




Lunar Orbiter Program
(1966-1967) A

10 Aug 1966 - Orbiter 1
06 Nov 1966 - Orbiter 2
04 Feb 1967 - Orbiter 3
04 May 1967 - Orbiter 4
01Aug 1967 - Orhiter 9




Lunar Orbiter Earthrise







Lunar Orbiter
Orientale Basin







Vehicle AS-909

363’ in Height

33 Wide

6,391,120+ Gurh Weight

Engine Thrust:

3-1C=1,680,000#
3-2=1190,000%
3-4B = 230,000+




Apolio 11




Apollo11 |




Apollo Missions
1969-1972



Lunar
Landing
Sites hy
1970s.

Luna ‘lnnn []
Apolo ¢ ; ;
Sutveyoe . : “ r“evn r




Artemis | -2022
Artemis Il -2026
Artemis Il -2021
Artemis IV -2028
Artemis V-2029
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Spin-off

From Earth
Collision with
a Mars-sized
Body






================ [} 5 G2
Intense cratering with formation of ~30 multi-
ringed basins including Oceanus Procellarum and
south polar Aitken bhasins

Anorthesitic lunar crust forms during crystallization
of magma ocean - Rockhergs of felsic crust!

Moon forms hy Mars-sized impact with proto-Earth,
hurling pre-lunar materials into near-Earth orbit
Where they collect and form moiten proto-moon



COPERNICAN PERIOD =================== [ Ma
Formation of crater Tycho ~ 108 Ma
Formation of crater Gopernicus ~ 800-900 Ma

ERATOSTHENIAN PERIOD ================ 11(a
Limited basaltic volcanism (~2.1 Ga)

Decreased cratering (<late Imbrian rate)

Basaltic lavas flow into Oceanus Procellarum and
Imbrium Basin (~3.2 Ga)

IMBRIAN PERIOD ==================== 32 (3
Flooding of multi-ringed craters eventually covering
11% of lunar near side

Impact cratering slows to 1.9% of Nectarian rates
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® Crust
Deep moon quakes

Mantle

Partly molten zone?

Crust s
/ (silicate) AA o0 s

700 km
<

Core (?)

(silicate)

Mare (basalt lava)

Shallow moon quakes



Mass = 0.07349 x 1022 kg; 0.0123 M,
Radius =1737km; 0.2721R,

Density [p) = 3.350 g/cm3; 0.607p,
Rotation = 21.322 Days
Revolution = 21.3211 Days
Distance to Sun=1AU




Age=4.6 Ga
Atmos. = “He, 20Ne, H,, “*Ar, 22Ne, 35Ar, CH,, NH,, GO,
Traces of lonized 0, Al, Si, P Na, Mg
sSurface Pressure =3 X 10-° har
Surface Temperature = 100°K - 40053
Magnetic Field =~ 0.00B,
Gravity Field = 0.165 G,




Clementine Mission
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~800-900 Ma




Galileo fly-bys

in 1990 and 1992
while gaining
speed in earth
orbitto reach
Jupiter by gravity
assist

Blue = High Ti lavas; Red = Highlands



GClementine Lunar Recon Orbiter 1994

Clementine Topographic Map of the Moon

Near Side a Sial Far Side




Aitken Basin
2600 km across
12 km deep

Water Ice in
Spectral Surveys
Verified by Lunar

Prospectorin 1998







Apollo 16 and 17 Missions






















Mare Basaits

Porphyritic Basalt - Apolio 12
Olivine Basait - Apolio 12
High-Ti Basalt - Apolio 17

Volcanic Glass - Apollo 17
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Attending!!

DUKE

A\
s



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112

