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Orbital Period:   27-1/2 days
One side of Moon always faces Earth

Earth-Moon Orbit

There is no “Dark Side”
ALL SIDES are dark once a month 2
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The Earth and the Moon
Earth mass = 81.4 x Moon mass
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Rotation 
about this 
point

Cycle 
repeats every 
18 years

Time for signal transmission
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Lunar Voyages in Science Fiction
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Jules Verne 
(1828-1905)

5

1865
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Early Russian Rocketry

§ Konstantin Tsiolkovsky (1857-1935) 
proposed liquid-fuel rockets, spacecraft, 
and spaceflight (1903)

6

§ Bolsheviks established institutes for 
aerodynamics and rockets (1918)

§ Pre-WWII development of 
airplanes and unguided missiles

6
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Early American Rocketry

§ Robert Goddard (1882-1945)
§ Proposed flight to extreme altitude (1917), 

Built 1st liquid-fuel rockets 
§ Criticized by New York Times
§ Introduced gyro steering and control vanes 

(~1935)
§ Rocket clubs, US and abroad 
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§ Pre-WWII development of 
airplanes and unguided missiles
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§ Wernher von Braun (1912-1977),
§ German Rocket Society -> Army Lab

§ V-2 Rocket, guided missile (1942)
§ von Braun directed development 
§ Pre-programmed trajectory, Gyro steering 

and control vanes [after Goddard]
§ Psychological impact but inaccurate

§ Foundational for post-WW II rocket 
development in USA and USSR

German Army Rocket Team

Wernher
Von Braun

8
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US Army 
Project

Paperclip

Post-World War II US Rocketry

§ Nuclear weapons changed the world 
of defense

§ 1945-54: Beginning of COLD WAR
§ Guided ballistic missiles: IRBMs, ICBMs
§ Von Braun team to USA
§ Gröttrup team to USSR

§ Redstone missile based on V-2
§ 1954: Russia’s closed society:

§ Need for military surveillance satellites

US and USSR built on V-2 technology
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Redstone 
missile

Viking 
sounding 
rocket§ Ballistic missiles were enabling 

technology for spaceflight
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Post-WW II Science Fact and Fiction
Catalyzed human imagination

(1952-1954)
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US Cautious About Satellite Launch
§ International Geophysical Year, 

‘57-’58
§ Scientific “artificial” satellite

§ Distinct military and civilian 
programs
§ Secrecy vs. public information

§ Contenders for satellite launch
§ Project Orbiter based on Redstone 

[Army Ballistic Missile Agency]
§ Project Vanguard based on Viking 

[Martin Co., Naval Research Lab]
§ Eisenhower’s reluctance

§ Political implications of OVERFLIGHT
§ Evolution of Missile or Sounding 

Rocket for IGY satellite launcher?
11
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R-7: First ICBM Tested 
(August 21, 1957)

Sputnik 1

Sergei 
Korolev

(1907-1966)

§ Oct 4, 1957: USSR 
launches 1st satellite 
for IGY with R-7 

§ Solved the US 
overflight quandary

§ The SPACE RACE 
had begun

§ CCCP won the 1st  
round with MISSILE

§ AND it unsettled the 
American public

12
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13
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Vanguard and Explorer

Vanguard TV3, 
December 1957

Explorer I success, 
January 1958*

* von Braun’s Project Orbiter
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December 17, 1958

Mercury 7, 1959

15

1st Cosmonaut 
Class, 1959

PUBLIC

PUBLIC

SECRET

15

April 12, 1961

Yuri Gagarin

Vostok 1

16

CCCP wins 2nd round of 
SPACE RACE

16
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April 20, 1961
JFK to LBJ

17

§ What can the US do to show technical supremacy?

April 28, 1961
LBJ to JFK

§ “Neither the US nor the USSR has such 
capability...  However, with a strong 
effort, the US could conceivably be first 
... by 1966 or 1967.”

§ “Do we have a chance of beating the 
Soviets ... to the moon and back with 
a man?”

17

Mercury-Redstone Sub-Orbital Flights
May 5 & July 21, 1961

Alan Shepard

18

Gus Grissom

Apogee = 117, 118 miles

Mercury

18
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Friendship 7
Mercury-Atlas

Project Mercury Orbital Flights
February 20, 1962 – May 15, 1963

John Glenn

19

Scott Carpenter
Walter Schirra
Gordon Cooper

19

Project Gemini [1965-66]

10 crewed 
missions

US takes SPACE RACE Lead

Titan II

20

20
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Lunar Missions

21

June 1961
§ NASA indecision about contractors for 

the spacecraft and launch rockets
§ No indecision about design of guidance, 

navigation, and control system

Command-Service 
Module

21

First Apollo Program Contract 
MIT Instrumentation Laboratory 

August 9, 1961

22

22
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HOWEVER … Lunar landing 
technique had not been decided

23

23

24

24
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Proposed Saturn Launch Vehicles

Saturn 1 Saturn 5 Nova (Saturn 8)
25

25

Alternative Landers

26

Nova 3rd Stage

26
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One 
Nova

Two Saturn 5s
or

Ten Saturn 1s
One Saturn 5

27

July 1962

27

Saturn Launch Vehicles
Saturn 1B Saturn 5

28

Lunar MissionsEarth Orbit Missions

28
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The Apollo Modules

Command 
Module

Service 
Module

Lunar 
Module

29

29

First Manned Flight, Apollo 7
October 11, 1968

Eisele Schirra Cunningham

30

30
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Apollo 8, December 21-27, 1968

Trans-
Lunar 

Injection
Coast

Coast
Reentry

§ Earth-orbit mission to test LM planned
§ Repurposed to 1st manned flight to the Moon
§ 6-day mission, no Lunar Module
§ WHY?

Moon’s
“Sphere of Influence”

Free-return trajectory
No further propulsion after Trans-Lunar Injection31

31

August 1968, CIA KH-8 GAMBIT 
Reconnaissance Satellite

N-1 Rocket:  Russia was indeed 
racing for the Moon

32

32
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Apollo 8 Entered Lunar Orbit
§ More daring alternative
§ Rocket fired on far side for Lunar-Orbit 

Insertion; no free return
§ Rocket had to fire again on far side to 

return to Earth

33

33

Apollo 9
March 1969 

Earth-orbit test of Lunar Module, rendezvous, and docking

34

34
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Apollo 10, May 1969 

§ CSM & LM to Moon
§ Lunar Orbit
§ LM separates and 

descends to 50,000-
ft altitude

§ LM returns, docks 
with CSM, & home

§ Apollo 11 scheduled 
for July 16, 1969

35

2nd N-1 Launch Attempt, Unmanned 
Lunar Fly-By, July 3, 1969

Saturn 5 N-1

36

§ Oxygen pump 
explosion

§ Launch site 
demolished

36
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Soviet Manned Lunar Spacecraft,
revealed in 1989

Soyuz 7K-LOK, 
2-man CSM

LK, 1-man 
Lunar Lander

37
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Lunar Module Transfer Ellipse to 
Powered Descent Initiation

38

§ Analogous to 
Apollo 10 until 
Powered 
Descent (PDI)

38
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Landing on the Moon
July 20, 1969

39

39

Lunar Module Attitude Control
§ 16 reaction control thrusters

§ Control about 3 axes
§ Redundancy of thrusters

§ LM Digital Autopilot

40
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Hand 
Controller

Apollo 
Guidance
Computer

41

41

Apollo Guidance Computer (AGC) 
vs. 2024 USB-C Charger

§ 16-bit computer, $1.5M today
§ Storage: 38,332 words 
§ Speed: 1 million “ticks” per sec
§ Weight: 70 lb
§ 1st integrated-circuit computer
§ Plus Inertial Measurement Unit
§ TWO per mission (CSM and LM)

§ Anker Charger, $20
§ 16-bit computer
§ 2 x RAM Storage
§ 4 x ROM Storage 
§ 563 times faster
§ 6.7 ounces

42https://forrestheller.com/Apollo-11-Computer-vs-USB-C-
chargers.html#:~:text=The%20Anker%20PowerPort%20Atom%20PD2%20has%20a%20little%20over%20twic
e,done%20in%2016%2Dbit%20words.
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A Little AGC Digital Autopilot Code

43

43

Low Gate to Touchdown

Armstrong’s comment on manual control: 
“As anticipated, quick and responsive.”

[HBO dramatization, “From the Earth to the Moon”]

44
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Apollo Landing Missions (’69-’72)

45

Apollo 14

Apollo 11 Apollo 12 Apollo 13

Apollo 15 Apollo 16

Apollo 17

Pete Conrad ‘53

45

Proposed Apollo Applications 
Program Flights 
Apollo Extension System Lunar Base

Apollo Logistic Support System Lunar Base

Saturn 5 payload to lunar orbit: 50 tons

46
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Proposed Apollo-Derived Venus 
Flyby

Apollo Logistic Support System Lunar Base

47

1973-1974
America’s 1st Space Station

48

Pete Conrad, 
‘53, commander

Gerald Carr,
*62, commander

SKYLAB based on Venus Flyby Workshop Module

48
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The Legacy

49

49

134 Lunar Missions, 1958-2023

§ Attempts
§ Failures

Resurgent interest in lunar missions
50

50
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Why Return to the Moon?
§ Science: lunar geology and astronomy

§ Technological Development
§ Educational Benefit
§ Economic Stimulus

§ International Competition & Leadership

§ Robots?
§ Preliminary exploration
§ Search for WATER and raw materials

§ Humans?  
§ Long-term utilization of lunar resources
§ Dealing with uncertainty

51
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Where is the Water?

Valleys and craters near the North/South Pole
52

52
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Recent Robotic Lunar Landers

SpaceIL Beresheet 
(2020, Crash)

53

Chang’e 4, Far Side 
Landing (2019, Success)

Chang’e 5 Sample Return 
(2020, Success)

Intuitive Machines Odysseus 
(2024, Near South Pole, 

Partial Success)

53

NASA Artemis Program
Space Launch 
System (SLS, 
from Ares 5)

$23 B to date $20 B to date

54

§ 30-year delay
§ Constellation Program, 2005-2009
§ Inadequate funding, 45-year delay
§ Reborn as Artemis Program, 2017

NASA ORION Command Module, 
Interim Cryogenic Propulsion Stage

54
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NASA Orion Spacecraft

55

§ Larger equivalent of Apollo CSM

55

NASA Artemis 1, 2022
Uncrewed ORION to Lunar Orbit

56

§ 5-year delay (from 2017)
§ Lunar orbit (~Apollo 8) and return
§ 13 CubeSats deployed 

56
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NASA Artemis 2, 2025
ORION with 4-person crew

§ 3-year delay
§ Two ICPS burns to raise orbit
§ One ORION rocket burn to circle the Moon
§ Free return 57

57

SpaceX Starship, Super Heavy Rocket

58

Starship

Super Heavy 
1st Stage

Proposed Lunar Lander and Propellant Carrier for Artemis 3 & 4 Missions

58
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NASA Artemis 3, 2027 (?)
Orion/Starship, 4-person crew

59

§ NASA and SpaceX have not revealed details
§ Earth-Orbit and Lunar-Orbit Rendezvous
§ 2 astronauts land on the Moon
§ One-week stay
§ Starship payload to lunar landing: 100 tons
§ Empty mass: 100 tons, returned to orbit
§ Fuly reusable

§ SLS payload to lunar orbit: 42 tons
§ Only Orion is reusable

59

One 
Nova

One SLS,
One Starship,

AND
? Cargo 

Starships

One Saturn 5

60

July 1962Artemis

Artemis Program

60
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Comparison of pre-Apollo Lander, Artemis 
Starship Lander, and Super Heavy

61

Crew Quarters

61

Michael Griffin 
CongressionalTestimony

January 17, 2024

62

§ Former NASA Administrator, 2005-2009
§ Artemis Program is severely under-budgeted 

(about 1.5% of Apollo’s cost in current $)
§ “impractically large number of orbital 

refueling operations for even a single lunar 
mission” Artemis Reliability of n Operations  

62
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63

Griffin

63

Starship II, A 2-Stage Alternative

64

Second Stage

Third Stage

§ Novel concept
§ Same net weight as 

Starship
§ Launched by Super 

Heavy
§ Payload ratio 

increased by 100%
§ Final stage contains 

conventionally 
configured Lunar 
Module (i.e. Altair)
§ Ascent Stage
§ Descent Stage

64



5/11/24

33

Altair Lunar Module, from 
Constellation Program, 2011

65

Descent Stage
Ascent Stage

§ Lunar orbit rendezvous 
with Orion

§ Four astronauts to 
lunar surface

§ Realistic 
ingress/egress

§ Storable propellants

Altair in Fairing

65

NASA Lunar Orbital Platform-Gateway

§ LUNAR SPACE STATION
§ Near-Rectilinear Halo Orbit, Period = 6.5 days
§ Not required for Artemis 3 and 4 66
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Science Fiction

67

becomes Science Fact

67

68

Beyond Science Fiction?

68
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69

69
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