CALENDAR IN THE SKY

Current Research

The Moon






Presenter
Presentation Notes
Galileo was the first to report what he saw when he looked at the Moon through a telescope:
Craters and Mountains. But the Maria are not seas, but vast expanses of dark, smooth landscape. 




Presenter
Presentation Notes
Because of tidal locking, the Moon always presents one side to Earth. The far side of the Moon was only first photographed when the Soviets sent their Luna 3 probe to it in 1959. The first humans to see it with their own eyes were the crew of Apollo 8 in 1968. 
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Presenter
Presentation Notes

Tides are a result of the combined differential gravitational forces on Earth from the Moon and the Sun. 

The Moon’s tidal forces are twice the strength of the Sun because it is so much closer and tidal forces fall off with the cube of the distance (compared to direct gravitational force, which falls off with the square of the distance).

Two high and low tides per day. When it is high tide the Moon is either at its highest or lowest altitude (transiting the meridian). 

Tidal forces vary by 25% each month. Strongest tides occur when the Sun and Moon are in a line with Earth (New and Full Moon). Weakest tides are when they form right angles (the quarter phases). 

Earth raises stronger tides on the Moon, which deform its shape and brought it into synchronous rotation (tidally locked): it rotates at the same rate that it orbits Earth. This is pretty common for moons in the Solar System.

The Moon became tidally locked to Earth in less than 4 million years after its formation. 




Presenter
Presentation Notes
From 1969-1972, NASA had six successful manned missions to the Moon, called the Apollo project.




Presenter
Presentation Notes
The Apollo program gave the world the most important image ever: The Blue Marble Earth – no political boundaries: just land, sea, and sky.




Presenter
Presentation Notes
On July 20, 1969 Neil Armstrong and Buzz Aldrin became the first humans to set foot on another world and the first human visitors from Earth to the Moon. The lunar lander was called the Eagle.

They came in peace for all mankind.

The phrase spoken by Neil Armstrong when they touched down on the Moon’s surface has become famous: “The Eagle has landed”

The other famous phrases spoken by Armstrong when he stepped off the lander ladder onto the surface was: “That’s one small step for man, one giant leap for mankind.”�




Presenter
Presentation Notes
The missions were about national pride and a technological race with the Soviet Union; our geopolitical rivals for world dominance at the time.

But scientists did manage to get the astronauts to help them do some experiments…




Presenter
Presentation Notes
Retroreflectors were left by the Apollo missions (and some of the Soviet landers) to aid in laser-ranging the distance to the Moon.




Presenter
Presentation Notes
Lick Observatory in Northern California (and others, like McDonald Observatory in West Texas) use lasers to measure the distance to the Moon with high accuracy and have determined that it is indeed moving away at a rate of 3.8 cm per year. (If this rate has been constant—it was probably faster in the past—then it was never 1 full degree in size in the sky and will take 4.9 billion years to become half its current size. The Sun will die first). 

It’s orbit is elliptical so there are a range of distances to the Moon given where it is in its orbit, the average distance over an orbit is 384,467 km.
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Presenter
Presentation Notes
Rocks from the Moon were brought back to Earth from the Apollo missions for geological study.


Impact Hypothesis
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Presenter
Presentation Notes
There have been several hypotheses for the formation of the Moon:
-captured body (unlikely due to angular momentum and isotopic composition of the Moon compared to Earth)
-spun off from Earth’s mantle (would have required Earth to spin at unrealistic rates early on with no mechanism to dissipate such high angular momentum to the current value)
-co-formed in accretion disk (angular momentum of the system is inconsistent with idea, and the Moon would then be expected to have a much more substantial iron core.)
-giant impact

Evidence:
Lunar rocks have the same oxygen isotope ratios as Earth rocks indicating common origin (other Solar System bodies do not share the same ratios)
Mineralogy of surface rocks indicating the entire lunar surface/crust and deeper was once molten
The Moon has a relatively small iron-rich core.
Zinc isotopes are consistent with evaporation from impact induced heating rather than normal volcanic activity
Debris has been observed in young stellar systems consistent with large planetary-scale body collisions. 
  


History of the Moon
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Presenter
Presentation Notes
1) Shortly after the Moon formed, a thin crust of cooled rock formed. (4.5 billion years ago)
2) Large impacts then followed and created huge basins where molten lava leaked through the thin, fractured crust and flooded the basins with iron rich basalt (which is darker than the surrounding highlands). (4.5 – 3.8 billion years ago)
3) A period of intermediate bombardment continues for the next 2 billion years creating more large crater features (3.8 – 1.0 billion years ago)
3) The Solar System calms down and collisions decrease in frequency (the past 1 billion years)

All the while, the Moon slowly moves away comes into synchronous rotation with its orbit around Earth.


Permanently Shadowed Regions



Presenter
Presentation Notes
Water is expected to have been delivered to the lunar surface via comets much like Earth. But due to the lack of magnetic field, atmosphere, and low surface gravity sunlight would have sublimated it all away.

However, there are craters at the poles of the Moon whose floors have not seen the Sun for over 2 billion years. Water ice may still exist there in large quantities. Water ice has been detected in lunar soil by several orbiters. 


Current Exploration
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Presenter
Presentation Notes
Modern Lunar exploration has focused on surveying the Moon for future exploration, understanding space weather effects, and learning about the history of the Solar System.

Missions to the Moon in the past 5 years (since 2009):
2009- LCROSS/LRO (lower left): LCROSS impacted south pole crater to analyze plume for signs of water, LRO orbits to survey the surface for resources and landing sites.
2010 – Chang’e 2 (China, not pictured): orbiter to survey for landing sites, measure and analyze surface
2011 – Artemis (upper right): two orbiters repurposed from THEMIS to study solar wind interactions with the Moon. 
2011-2012 – GRAIL (upper left): Pair of orbiters flying in formation to probe the Moon’s gravitational field (and therefore probe its internal structure)
2013 – LADEE (center): orbiter to study the lunar exosphere and dust
2013 – Chang’e 3 (lower right): orbiter/lander/rover (Jade Rabbit) to study lunar environment and conduct astronomical observations from the lunar surface.  
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Lunar Colony



Presenter
Presentation Notes
Will humans eventually colonize the Moon? We’ll have to learn to live in the harsh environment: airless, scarce water (possibly only frozen in deep craters at the poles), extreme temperature changes from day to night, or even from direct light to shadow, high radiation (especially following solar storms), low gravity, constant micrometeorite impacts. 

The first step might be Moon bases used as outposts from which to launch deep space exploration missions.

Antarctica might be a reasonable analogy. Scientific outposts may be constructed to do experiments not possible in Earth environments. Radio astronomers have long dreamed of a gigantic radio telescope on the far side of the Moon (shielded from the radio noise on Earth, and able to be much larger due to the lower surface gravity). 

Image Credit: 2001: A Space Odyssey (MGM Pictures)
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Presenter
Presentation Notes
It is a commonly held belief that certain human behavioral patterns correlate to lunar phase or tidal cycle. Ask any law enforcement officer, emergency room nurse, etc. They very often claim to be busier during the Full Moon, and that people behave more bizarrely during the Full Moon. 

Over the past several decades there have been dozens of studies to investigate this claim. The meta analysis of these studies finds no statistically significant correlation with human behavior and lunar phase.

The best explanation for the claim is confirmation bias: remembering the hits but forgetting the misses. When someone acts crazy during a crescent Moon phase nobody takes note of the Moon. But when someone exhibits the very same behavior during a full Moon people notice and form a mental correlation. When there is a very busy night at the emergency room during a gibbous phase, the ER staff just marvel at the heavy case-load. But when there is a busy night during the Full Moon, people say “Oh the Moon is full, that’s why we’re so busy tonight.” Also, when they are not busy during a full Moon they also do not make a special correlation in their minds.

Image Source: wikia.com
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