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Background:

The Moon (Latin: Luna) is Earth's only natural satellite and the fifth largest satellite in the Solar System. The average centre-to-centre distance from the Earth to the Moon is 384,403 km, about thirty times the diameter of the Earth. The common centre of mass of the system (the barycentre) is located about 1,700 km—a quarter the Earth's radius—beneath the surface of the Earth. The Moon makes a complete orbit around the Earth every 27.3 days (the orbital period), and the periodic variations in the geometry of the Earth–Moon–Sun system are responsible for the lunar phases that repeat every 29.5 days (the synodic period).

The Moon's diameter is 3,474 km, a little more than a quarter of that of the Earth. Thus, the Moon's surface area is less than a tenth that of the Earth (about a quarter the Earth's land area, approximately as large as Russia, Canada, and the United States combined), and its volume is about 2 percent that of Earth. The pull of gravity at its surface is about 17 percent of that at the Earth's surface.

The Moon is the only celestial body to which humans have traveled and upon which humans have performed a manned landing. The first artificial object to pass near the Moon was the Soviet Union's Luna 1, the first artificial object to impact the lunar surface was Luna 2, and the first photographs of the normally occluded far side of the Moon were made by Luna 3, all in 1959. The first spacecraft to perform a successful lunar soft landing was Luna 9, and the first unmanned vehicle to orbit the Moon was Luna 10, both in 1966. The United States (U.S.) Apollo program achieved the only manned missions to date, resulting in six landings between 1969 and 1972. Human exploration of the Moon ceased with the conclusion of the Apollo program, although a few robotic landers and orbiters have been sent to the Moon since that time. Several countries have announced plans to return humans to the surface of the Moon in the 2020s.

The proper English name for Earth's natural satellite is, simply, the Moon (capitalized). Moon is a Germanic word, related to the Latin mensis (month). It is ultimately a derivative of the Proto-Indo-European root me-, also represented in measure (time), with reminders of its importance in measuring time in words derived from it like Monday, month and menstrual. The related adjective is lunar, as well as an adjectival prefix seleno- and suffix -selene (from selēnē, the Ancient Greek word for the Moon). In English, the word moon exclusively meant "the Moon" until 1665, when it was extended to refer to the recently-discovered natural satellites of other planets. Subsequently, these objects were given distinct names in order to avoid confusion. The Moon is occasionally referred to by its Latin name Luna, primarily in science fiction.

The Moon is in synchronous rotation, which means that it rotates about its axis in the about the same time it takes to orbit the Earth. This results in it keeping nearly the same face turned towards the Earth at all times. The Moon used to rotate at a faster rate, but early in its history, its rotation slowed and became locked in this orientation as a result of frictional effects associated with tidal deformations caused by the Earth. 

Small variations (libration) in the angle from which the Moon is seen allow about 59% of its surface to be seen from the Earth (but only half at any instant). 


The side of the Moon that faces Earth is called the near side, and the opposite side the far side. The far side is often inaccurately called the "dark side," but in fact, it is illuminated exactly as often as the near side: once per lunar day, during the new moon phase we observe on Earth when the near side is dark. The far side of the Moon was first photographed by the Soviet probe Luna 3 in 1959. One distinguishing feature of the far side is its almost complete lack of maria.

The dark and relatively featureless lunar plains which can clearly be seen with the naked eye are called maria (singular mare), Latin for seas, since they were believed by ancient astronomers to be filled with water. These are now known to be vast solidified pools of ancient basaltic lava. The majority of these lavas erupted or flowed into the depressions associated with impact basins that formed by the collisions of meteors and comets with the lunar surface. (Oceanus Procellarum is a major exception in that it does not correspond to a known impact basin). Maria are found almost exclusively on the near side of the Moon, with the far side having only a few scattered patches covering about 2% of its surface, compared with about 31% on the near side. The most likely explanation for this difference is related to a higher concentration of heat-producing elements on the near-side hemisphere, as has been demonstrated by geochemical maps obtained from the Lunar Prospector gamma-ray spectrometer. Several provinces containing shield volcanoes and volcanic domes are found within the near side maria. 

The lighter-colored regions of the Moon are called terrae, or more commonly just highlands, since they are higher than most maria. Several prominent mountain ranges on the near side are found along the periphery of the giant impact basins, many of which have been filled by mare basalt. These are believed to be the surviving remnants of the impact basin's outer rims. In contrast to the Earth, no major lunar mountains are believed to have formed as a result of tectonic events. 

From images taken by the Clementine mission in 1994, it appears that four mountainous regions on the rim of the 73 km-wide Peary crater at the Moon's north pole remain illuminated for the entire lunar day. These peaks of eternal light are possible because of the Moon's extremely small axial tilt to the ecliptic plane. No similar regions of eternal light were found at the south pole, although the rim of Shackleton crater is illuminated for about 80% of the lunar day. Another consequence of the Moon's small axial tilt is regions that remain in permanent shadow at the bottoms of many polar craters. 

The Moon's surface is marked by impact craters that form when asteroids and comets collide with the lunar surface. There are about half a million craters with diameters greater than 1 km on the moon. Since impact craters accumulate at a nearly constant rate, the number of craters per unit area superposed on a geologic unit can be used to estimate the age of the surface (see crater counting). The lack of an atmosphere, weather and recent geological processes ensures that many of these craters have remained relatively well preserved in comparison to those on Earth.

The largest crater on the Moon, which also has the distinction of being one of the largest known craters in the Solar System, is the South Pole-Aitken basin. It is on the far side, between the South Pole and equator, and is some 2,240 km in diameter and 13 km in depth. Prominent impact basins on the near side include Imbrium, Serenitatis, Crisium, and Nectaris.

Blanketed atop the Moon's crust is a highly comminuted (broken into ever smaller particles) and "impact gardened" surface layer called regolith. Since the regolith forms by impact processes, the regolith of older surfaces is generally thicker than for younger surfaces. In particular, it has been estimated that the regolith varies in thickness from about 3–5 m in the maria, and by about 10–20 m in the highlands. Beneath the finely comminuted regolith layer is what is generally referred to as the megaregolith. This layer is much thicker (on the order of tens of kilometres) and comprises highly fractured bedrock. 

The continuous bombardment of the Moon by comets and meteoroids has most likely added small amounts of water to the lunar surface. If so, sunlight would split much of this water into its constituent elements of hydrogen and oxygen, both of which would ordinarily escape into space over time, because of the Moon's weak gravity. However, because of the slightness of the axial tilt of the Moon's spin axis to the ecliptic plane—only 1.5°—some deep craters near the poles never receive direct light from the Sun and are thus in permanent shadow (see Shackleton crater). Water molecules that ended up in these craters could be stable for long periods of time.

Clementine has mapped craters at the lunar south pole that are shadowed in this way, and computer simulations suggest that up to 14,000 km² might be in permanent shadow. Results from the Clementine mission bistatic radar experiment are consistent with small, frozen pockets of water close to the surface, and data from the Lunar Prospector neutron spectrometer indicate that anomalously high concentrations of hydrogen are present in the upper metre of the regolith near the polar regions. Estimates for the total quantity of water ice are close to one cubic kilometre.

Water ice can be mined and then split into its constituent hydrogen and oxygen atoms by means of nuclear generators or electric power stations equipped with solar panels. The presence of usable quantities of water on the Moon is an important factor in rendering lunar habitation cost-effective, since transporting water from Earth would be prohibitively expensive. However, recent observations made with the Arecibo planetary radar suggest that some of the near-polar Clementine radar data that were previously interpreted as being indicative of water ice might instead be a result of rocks ejected from young impact craters. The question of how much water there is on the Moon has not been resolved.

In July 2008, small amounts of water were found in the interior of volcanic pearls from the Moon (brought to Earth by Apollo 15). 

The Moon is a differentiated body, being composed of a geochemically distinct crust, mantle, and core. This structure is believed to have resulted from the fractional crystallization of a magma ocean shortly after its formation, at about 4.4 billion years ago. The energy required to melt the outer portion of the Moon is commonly attributed to a giant impact event that is postulated to have formed the Earth-Moon system, and the subsequent reaccretion of material in Earth orbit. Crystallization of this magma ocean would have given rise to a mafic mantle and a plagioclase-rich crust (see Origin and geologic evolution below).

Geochemical mapping from orbit implies that the crust of the Moon is largely anorthositic in composition, consistent with the magma ocean hypothesis. In terms of elements, the crust is composed primarily of oxygen, silicon, magnesium, iron, calcium, and aluminium. Based on geophysical techniques, its thickness is estimated to be on average about 50 km. 

Partial melting within the mantle of the Moon gave rise to the eruption of mare basalts on the lunar surface. Analyses of these basalts indicate that the mantle is composed predominantly of the minerals olivine, orthopyroxene and clinopyroxene, and that the lunar mantle is more iron rich than that of the Earth. Some lunar basalts contain high abundances of titanium (present in the mineral ilmenite), suggesting that the mantle is highly heterogeneous in composition. Moonquakes have been found to occur deep within the mantle of the Moon about a thousand kilometres below the surface. These occur with monthly periodicities and are related to tidal stresses caused by the eccentric orbit of the Moon about the Earth. 

The Moon has a mean density of 3 346.4 kg/m³, making it the second densest moon in the Solar System after Io. Nevertheless, several lines of evidence imply that the core of the Moon is small, with a radius of about 350 km or less. This corresponds to only about 20% the size of the Moon, in contrast to about 50% as is the case for most other terrestrial bodies. The composition of the lunar core is not well constrained, but most believe that it is composed of metallic iron alloyed with a small amount of sulfur and nickel. Analyses of the Moon's time-variable rotation indicate that the core is at least partly molten. 

The Moon has an atmosphere so thin as to be almost negligible, with a total atmospheric mass of less than 104 kg. The effective surface pressure of this small mass is around 3  × 10-15 atm. This pressure varies, of course, with the diurnal moon cycle. One source of its atmosphere is outgassing—the release of gases such as radon that originate by radioactive decay processes within the crust and mantle. Another important source is generated through the process of sputtering, which involves the bombardment of micrometeorites, solar wind ions, electrons, and sunlight. Gases that are released by sputtering can either reimplant into the regolith as a result of the Moon's gravity, or can be lost to space either by solar radiation pressure or by being swept away by the solar wind magnetic field if they are ionised. The elements sodium (Na) and potassium (K) have been detected using earth-based spectroscopic methods, whereas the element radon–222 (222Rn) and polonium-210 (210Po) have been inferred from data obtained from the Lunar Prospector alpha particle spectrometer. Argon–40 (40Ar), helium-4 (4He), oxygen (O2) and/or methane (CH4), nitrogen (N2) and/or carbon monoxide (CO), and carbon dioxide (CO2) were detected by in-situ detectors placed by the Apollo astronauts. 

During the lunar day, the surface temperature averages 107°C, and during the lunar night, it averages -153°C. 

Several mechanisms have been suggested for the Moon's formation. The formation of the Moon is believed to have occurred 4.527 ± 0.010 billion years ago, about 30–50 million years after the origin of the Solar System. 

Fission hypothesis 

Early speculation proposed that the Moon broke off from the Earth's crust because of centrifugal forces, leaving a basin – presumed to be the Pacific Ocean – behind as a scar. This idea, however, would require too great an initial spin of the Earth; and, even had this been possible, the process should have resulted in the Moon's orbit following Earth's equatorial plane. This is not the case.

Capture hypothesis 

Other speculation has centered on the Moon being formed elsewhere and subsequently being captured by Earth's gravity. However, the conditions believed necessary for such a mechanism to work, such as an extended atmosphere of the Earth in order to dissipate the energy of the passing Moon, are improbable.

Co-formation hypothesis 

The co-formation hypothesis proposes that the Earth and the Moon formed together at the same time and place from the primordial accretion disk. The Moon would have formed from material surrounding the proto-Earth, similar to the formation of the planets around the Sun. Some suggest that this hypothesis fails adequately to explain the depletion of metallic iron in the Moon.

A major deficiency in all these hypotheses is that they cannot readily account for the high angular momentum of the Earth–Moon system. 

Giant Impact hypothesis

The prevailing hypothesis today is that the Earth–Moon system formed as a result of a giant impact. A Mars-sized body (labelled "Theia") is believed to have hit the proto-Earth, blasting sufficient material into orbit around the proto-Earth to form the Moon through accretion. As accretion is the process by which all planetary bodies are believed to have formed, giant impacts are thought to have affected most if not all planets. Computer simulations modelling a giant impact are consistent with measurements of the angular momentum of the Earth–Moon system, as well as the small size of the lunar core. Unresolved questions regarding this theory concern the determination of the relative sizes of the proto-Earth and Theia and of how much material from these two bodies formed the Moon.

As a result of the large amount of energy liberated during both the giant impact event and the subsequent reaccretion of material in Earth orbit, it is commonly believed that a large portion of the Moon was once initially molten. The molten outer portion of the Moon at this time is referred to as a magma ocean, and estimates for its depth range from about 500 km to the entire radius of the Moon. 

As the magma ocean cooled, it fractionally crystallised and differentiated, giving rise to a geochemically distinct crust and mantle. The mantle is inferred to have formed largely by the precipitation and sinking of the minerals olivine, clinopyroxene, and orthopyroxene. After about three-quarters of magma ocean crystallisation was complete, the mineral anorthite is inferred to have precipitated and floated to the surface because of its low density, forming the crust. 

The final liquids to crystallise from the magma ocean would have been initially sandwiched between the crust and mantle, and would have contained a high abundance of incompatible and heat-producing elements. This geochemical component is referred to by the acronym KREEP, for potassium (K), rare earth elements (REE), and phosphorus (P), and appears to be concentrated within the Procellarum KREEP Terrane, which is a small geologic province that encompasses most of Oceanus Procellarum and Mare Imbrium on the near side of the Moon. 

A large portion of the Moon's post–magma-ocean geologic evolution was dominated by impact cratering. The lunar geologic timescale is largely divided in time on the basis of prominent basin-forming impact events, such as Nectaris, Imbrium, and Orientale. These impact structures are characterised by multiple rings of uplifted material, and are typically hundreds to thousands of kilometres in diameter. Each multi-ring basin is associated with a broad apron of ejecta deposits that forms a regional stratigraphic horizon. While only a few multi-ring basins have been definitively dated, they are useful for assigning relative ages on the basis of stratigraphic grounds. The continuous effects of impact cratering are responsible for forming the regolith.

The other major geologic process that affected the Moon's surface was mare volcanism. The enhancement of heat-producing elements within the Procellarum KREEP Terrane is thought to have caused the underlying mantle to heat up, and eventually, to partially melt. A portion of these magmas rose to the surface and erupted, accounting for the high concentration of mare basalts on the near side of the Moon. Most of the Moon's mare basalts erupted during the Imbrian period in this geologic province 3.0–3.5 billion years ago. Nevertheless, some dated samples are as old as 4.2 billion years, and the youngest eruptions, based on the method of crater counting, are believed to have occurred only 1.2 billion years ago. 

There has been controversy over whether features on the Moon's surface undergo changes over time. Some observers have claimed that craters either appeared or disappeared, or that other forms of transient phenomena had occurred. Today, many of these claims are thought to be illusory, resulting from observation under different lighting conditions, poor astronomical seeing, or the inadequacy of earlier drawings. Nevertheless, it is known that the phenomenon of outgassing does occasionally occur, and these events could be responsible for a minor percentage of the reported lunar transient phenomena. Recently, it has been suggested that a roughly 3 km diameter region of the lunar surface was modified by a gas release event about a million years ago. 

Moon rocks fall into two main categories, based on whether they underlie the lunar highlands (terrae) or the maria. The lunar highlands rocks are composed of three suites: the ferroan anorthosite suite, the magnesian suite, and the alkali suite (some consider the alkali suite to be a subset of the mg-suite). The ferroan anorthosite suite rocks are composed almost exclusively of the mineral anorthite (a calic plagioclase feldspar), and are believed to represent plagioclase flotation cumulates of the lunar magma ocean. The ferroan anorthosites have been dated using radiometric methods to have formed about 4.4 billion years ago. 

The mg- and alkali-suite rocks are predominantly mafic plutonic rocks. Typical rocks are dunites, troctolites, gabbros, alkali anorthosites, and more rarely, granite. In contrast to the ferroan anorthosite suite, these rocks all have relatively high Mg/Fe ratios in their mafic minerals. In general, these rocks represent intrusions into the already-formed highlands crust (though a few rare samples appear to represent extrusive lavas), and they have been dated to have formed about 4.4–3.9 billion years ago. Many of these rocks have high abundances of, or are genetically related to, the geochemical component KREEP.

The lunar maria consist entirely of mare basalts. While similar to terrestrial basalts, they have much higher abundances of iron, are completely lacking in hydrous alteration products, and have a large range of titanium abundances. 

Astronauts have reported that the dust from the surface felt like snow and smelled like spent gunpowder. The dust is mostly made of silicon dioxide glass (SiO2), most likely created from the meteors that have crashed into the Moon's surface. It also contains calcium and magnesium.

[image: image1.png]



Earth as viewed from the Moon during the Apollo 8 mission, Christmas Eve, 1968

The Moon makes a complete orbit around the Earth with respect to the fixed stars about once every 27.3 days (its sidereal period). However, since the Earth is moving in its orbit about the Sun at the same time, it takes slightly longer for the Moon to show its same phase to Earth, which is about 29.5 days (its synodic period). Unlike most satellites of other planets, the Moon orbits near the ecliptic and not the Earth's equatorial plane. It is the largest moon in the solar system relative to the size of its planet. (Charon is larger relative to the dwarf planet Pluto.) The natural satellites orbiting other planets are called "moons", after Earth's Moon.

Most of the tidal effects seen on the Earth are caused by the Moon's gravitational pull, with the Sun making a somewhat smaller contribution. Tidal drag slows the Earth's rotation by about 0.002 seconds per day per century. As a result of the conservation of angular momentum, the slowing of Earth's rotation is accompanied by an increase of the mean Earth-Moon distance of about 3.8 m per century, or 3.8 cm per year. The Moon is exceptionally large relative to the Earth, being a quarter the diameter of the planet and 1/81 its mass. However, the Earth and Moon are still commonly considered a planet-satellite system, rather than a double-planet system, since the common centre of mass of the system (the barycentre) is located about 1,700 km beneath the surface of the Earth, or about a quarter of the Earth's radius. The surface of the Moon is less than one-tenth that of the Earth, and only about a quarter the size of the Earth's land area (or about as large as Russia, Canada, and the U.S. combined).

In 1997, the asteroid 3753 Cruithne was found to have an unusual Earth-associated horseshoe orbit. However, astronomers do not consider it to be a second moon of Earth, and its orbit is not stable in the long term. Three other near-Earth asteroids, (54509) 2000 PH5, (85770) 1998 UP1 and 2002 AA29, which exist in orbits similar to Cruithne's, have since been discovered. 

Earth's ocean tides are initiated by the tidal force (a gradient in intensity) of Moon's gravity and are magnified by a host of effects in Earth's oceans. The gravitational tidal force arises because the side of Earth facing the Moon (nearest it) is attracted more strongly by the Moon's gravity than is the center of the Earth and—even less so—the Earth's far side. The gravitational tide stretches the Earth's oceans into an ellipse with the Earth in the center. The effect takes the form of two bulges—elevated sea level relative to the Earth; one nearest the Moon and one farthest from it. Since these two bulges rotate around the Earth once a day as it spins on its axis, ocean water is continuously rushing towards the ever-moving bulges. The effects of the two bulges and the massive ocean currents chasing them are magnified by an interplay of other effects; namely frictional coupling of water to Earth's rotation through the ocean floors, inertia of water's movement, ocean basins that get shallower near land, and oscillations between different ocean basins. The magnifying effect is a bit like water sloshing high up the sloped end of a bathtub after a relatively small disturbance of one's body in the deep part of the tub.

Gravitational coupling between the Moon and the ocean bulge nearest the Moon affects its orbit. The Earth rotates on its axis in the very same direction, and roughly 27 times faster, than the Moon orbits the Earth. Thus, frictional coupling between the sea floors and ocean waters, as well as water's inertia, drags the peak of the near-Moon tidal bulge slightly forward of the imaginary line connecting the centers of the Earth and Moon. From the Moon's perspective, the center of mass of the near-Moon tidal bulge is perpetually slightly ahead of the point about which it is orbiting. Precisely the opposite effect occurs with the bulge farthest from the Moon; it lags behind the imaginary line. However it is 12,756 km farther away and has slightly less gravitational coupling to the Moon. Consequently, the Moon is constantly being gravitationally attracted forward in its orbit about the Earth. This gravitational coupling drains kinetic energy and angular momentum from the Earth's rotation (see also, Day and Leap second). In turn, angular momentum is added to the Moon's orbit, which lifts the Moon into a higher orbit with a longer period. The effect on the Moon's orbital radius is a small one, just 0.10 ppb/year, but results in a measurable 3.82 cm annual increase in the Earth-Moon distance. Cumulatively, this effect becomes ever more significant over time; since astronauts first landed on the Moon approximately 40 years ago, it is 1.52 metres farther away.

Eclipses can occur only when the Sun, Earth, and Moon are all in a straight line. Solar eclipses occur near a new moon, when the Moon is between the Sun and Earth. In contrast, lunar eclipses occur near a full moon, when the Earth is between the Sun and Moon.

Because the Moon's orbit around the Earth is inclined by about 5° with respect to the orbit of the Earth around the Sun, eclipses do not occur at every full and new moon. For an eclipse to occur, the Moon must be near the intersection of the two orbital planes. 

The periodicity and recurrence of eclipses of the Sun by the Moon, and of the Moon by the Earth, is described by the saros cycle, which has a period of approximately 6 585.3 days (18 years 11 days 8 hours). 

The angular diameters of the Moon and the Sun as seen from Earth overlap in their variation, so that both total and annular solar eclipses are possible. In a total eclipse, the Moon completely covers the disc of the Sun and the solar corona becomes visible to the naked eye. Since the distance between the Moon and the Earth is very slightly increasing over time, the angular diameter of the Moon is decreasing. This means that hundreds of millions of years ago the Moon could always completely cover the Sun on solar eclipses so that no annular eclipses were possible. Likewise, about 600 million years from now (assuming that the angular diameter of the Sun will not change), the Moon will no longer cover the Sun completely and only annular eclipses will occur. 

A phenomenon related to eclipse is occultation. The Moon is continuously blocking our view of the sky by a 1/2 degree-wide circular area. When a bright star or planet passes behind the Moon it is occulted or hidden from view. A solar eclipse is an occultation of the Sun. Because the Moon is close to Earth, occultations of individual stars are not visible everywhere, nor at the same time. Because of the precession of the lunar orbit, each year different stars are occulted. 

The most recent lunar eclipse was on February 20, 2008. It was a total eclipse. The entire event was visible from South America and most of North America (on Feb. 20), as well as Western Europe, Africa, and western Asia (on Feb. 21). The most recent solar eclipse took place on September 11, 2007, visible from southern South America and parts of Antarctica. The last total solar eclipse, on August 1, 2008, had a path of totality beginning in northern Canada and passed through Russia and China. 

During its brightest phase, at "full moon", the Moon has an apparent magnitude of about −12.6. By comparison, the Sun has an apparent magnitude of −26.8. When the Moon is in a quarter phase, its brightness is not half of a full moon, but only about a tenth. This is because the lunar surface is not a perfect Lambertian reflector. When the Moon is full the opposition effect makes it appear brighter, but away from full there are shadows projected onto the surface which diminish the amount of reflected light.

The Moon appears larger when close to the horizon. This is a purely psychological effect (see Moon illusion). It is actually about 1.5% smaller when the Moon is near the horizon than when it is high in the sky (because it is farther away by up to one Earth radius).

The moon appears as a relatively bright object in the sky, in spite of its low albedo. The Moon is about the poorest reflector in the solar system and reflects only about 7% of the light incident upon it (about the same proportion as is reflected by a lump of coal). Color constancy in the visual system recalibrates the relations between the colors of an object and its surroundings, and since the surrounding sky is comparatively dark the sunlit Moon is perceived as a bright object.

The highest altitude of the Moon on a day varies and has nearly the same limits as the Sun. It also depends on the Earth season and lunar phase, with the full moon being highest in winter. Moreover, the 18.6 year nodes cycle also has an influence, as when the ascending node of the lunar orbit is in the vernal equinox, the lunar declination can go as far as 28° each month (which happened most recently in 2006). This results that the Moon can go overhead on latitudes up to 28 degrees from the equator (e.g. Florida, Canary Islands or in the southern hemisphere Brisbane). Slightly more than 9 years later (next time in 2015) the declination reaches only 18° N or S each month. The orientation of the Moon's crescent also depends on the latitude of the observation site. Close to the equator, an observer can see a boat Moon. 

Like the Sun, the Moon can give rise to atmospheric effects, including a 22° halo ring, and the smaller coronal rings seen more often through thin clouds. For more information on how the Moon appears in Earth's sky, see lunar phase.

The first leap in lunar observation was prompted by the invention of the telescope. Galileo Galilei made good use of this new instrument and observed mountains and craters on the Moon's surface.

The Cold War-inspired space race between the Soviet Union and the U.S. led to an acceleration of interest in the Moon. Unmanned probes, both flyby and impact/lander missions, were sent almost as soon as launcher capabilities would allow. The Soviet Union's Luna program was the first to reach the Moon with unmanned spacecraft. The first man-made object to escape Earth's gravity and pass near the Moon was Luna 1, the first man-made object to impact the lunar surface was Luna 2, and the first photographs of the normally occluded far side of the Moon were made by Luna 3, all in 1959. The first spacecraft to perform a successful lunar soft landing was Luna 9 and the first unmanned vehicle to orbit the Moon was Luna 10, both in 1966. Moon samples have been brought back to Earth by three Luna missions (Luna 16, 20, and 24) and the Apollo missions 11 to 17 (except Apollo 13, which aborted its planned lunar landing).

The landing of the first humans on the Moon in 1969 is seen by many as the culmination of the space race. Neil Armstrong became the first person to walk on the Moon as the commander of the American mission Apollo 11 by first setting foot on the Moon at 02:56 UTC on July 21, 1969. The American Moon landing and return was enabled by considerable technological advances, in domains such as ablation chemistry and atmospheric re-entry technology, in the early 1960s.

Scientific instrument packages were installed on the lunar surface during all of the Apollo missions. Long-lived ALSEP stations (Apollo lunar surface experiment package) were installed at the Apollo 12, 14, 15, 16, and 17 landing sites, whereas a temporary station referred to as EASEP (Early Apollo Scientific Experiments Package) was installed during the Apollo 11 mission. The ALSEP stations contained, among others, heat flow probes, seismometers, magnetometers, and corner-cube retroreflectors. Transmission of data to Earth was terminated on September 30, 1977 because of budgetary considerations. Since the lunar laser ranging (LLR) corner-cube arrays are passive instruments, they are still being used. Ranging to the LLR stations is routinely performed from earth-based stations with an accuracy of a few centimetres, and data from this experiment are being used to place constraints on the size of the lunar core. 
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Astronaut Buzz Aldrin photographed by Neil Armstrong during the first moon landing on July 20, 1969.

From the mid-1960s to the mid-1970s, there were 65 instances of artificial objects reaching the Moon (both manned and robotic, with ten in 1971 alone), with the last being Luna 24 in 1976. Only 18 of these were controlled moon landings, with nine completing a round trip from Earth and returning samples of moon rocks. The Soviet Union then turned its primary attention to Venus and space stations, and the U.S. to Mars and beyond. In 1990, Japan orbited the Moon with the Hiten spacecraft, becoming the third country to place a spacecraft into lunar orbit. The spacecraft released a smaller probe, Hagormo, in lunar orbit, but the transmitter failed, thereby preventing further scientific use of the mission.

In 1994, the U.S. finally returned to the Moon, robotically at least, sending the Joint Defense Department/NASA spacecraft Clementine. This mission obtained the first near-global topographic map of the Moon, and the first global multispectral images of the lunar surface. This was followed by the Lunar Prospector mission in 1998. The neutron spectrometer on Lunar Prospector indicated the presence of excess hydrogen at the lunar poles, which is likely to have been caused by the presence of water ice in the upper few metres of the regolith within permanently shadowed craters. The European spacecraft Smart 1 was launched September 27, 2003 and was in lunar orbit from November 15, 2004 to September 3, 2006.

On January 14, 2004, U.S. President George W. Bush called for a plan to resume manned missions to the Moon by 2020 (see Vision for Space Exploration). NASA is now planning for the construction of a permanent outpost at one of the lunar poles. The People's Republic of China has expressed ambitious plans for exploring the Moon and has started the Chang'e program for lunar exploration, successfully launching its first spacecraft, Chang'e-1, on October 24, 2007. Like NASA, China hopes to land people on the Moon by 2020. The U.S. will launch the Lunar Reconnaissance Orbiter and the Lunar Crater Observation and Sensing Satellite in late April 2009 (the two missions are co-manifested). Russia also announced to resume its previously frozen project Luna-Glob, consisting of an unmanned lander and orbiter, which is slated to land in 2012. 

The Google Lunar X Prize, announced September 13, 2007, hopes to boost and encourage privately funded lunar exploration. The X Prize Foundation is offering anyone US$20 million who can land a robotic rover on the Moon and meet other specified criteria.

On September 14, 2007 the Japan Aerospace Exploration Agency launched SELENE, also known as Kaguya, a lunar orbiter which is fitted with a high-definition camera and two small satellites. The mission is expected to last one year. 

On October 22, 2008 India successfully launched the Chandrayaan I (a Sanskrit word literally meaning the 'Moon-craft') unmanned mission to the Moon and intends to launch several further unmanned missions. The country plans to launch Chandrayaan II in 2010 or 2011, which is slated to include a robotic lunar rover. India also has expressed its hope for a manned mission to the Moon by 2020. 

Materials:

· Homemade playdoh (enough for ~1/3 cup for 15 groups)

· flour

· boiling water

· cream of tartar

· salt

· oil

· Mix and knead together.  Wrap in airtight container.  If you make several days ahead of time, store in refrigerator. 

· Craft sticks (1 per student)

· Plastic knives

· Wax Paper

· String (~18”, 1 per group)

· Scissors

· 1 ruler/pair of students

· Sharp pencil (1/student

· Light source (lamp without shade or overhead projector)

· Copies of the Phases of the Moon (1/student)

· Copies of the Moon (1/student)

· Copies of rocket template

· Copies of data log 

· Copies of Data Analysis

· Optional: Styrofoam balls (1/student or pair)

· Sponges and paper towel for clean-up

Procedure for Earth’s Moon:

There are 5 different activities in this lab to augment learning about the moon:

· In Activity 1, the Earth/Moon Model – in this activity, students estimate (guess) the size of the Earth and the Moon, and correct their guess.  They estimate (guess) the distance between the Earth and the Moon, and correct their guess.  

· In Activity 2, the Earth/Moon Barycenter – after correcting the size of the Earth and Moon, students place the Earth on one side of a craft stick and the moon on the other.  They estimate the center of gravity, and use a string, find the correct center of gravity for the Earth/Moon system.

· In Activity 3, Moon Phases – students model first the rotation of the moon on its axis, the orbit around the Earth, and the phases of the moon by the sun illumination and shadows on the moon.  Additionally, but lunar and solar eclipses are demonstrated.

· In Activity 4, Pareidolia – students are told myths about the moon as they pick out the pictures depicted in the mares and highlands of the Moon’s face, and then find their own picture and make up a story about the picture in the moon.
· In Activity 5, Straw Rocket – students test the design of the nose of a rocket, testing for distance and accuracy of flight.  Optionally, fins can be tested for stability and distances, also, but test one at a time before predicting what combination would result in the best flight.
Activity 1:
Earth/Moon Model
· Homemade playdoh (enough for ~1/3 cup for 15 groups)

· 5 c. flour

· 5 c. boiling water

· 10 tbsp. cream of tartar

· 2 ½ cup salt

· 5 tbsp. oil

· Mix and knead together.  Mix and knead together.  Wrap in airtight container.  If you make days ahead of time, store in refrigerator.

· Plastic knife for each pair of students

· Wax Paper – 1 large sheet for each pair of students

· Paper or student’s lab notebook (journal)

· Ruler

· Pencil

1. Give each pair of students 1/3 cup of playdoh.

2. Instruct the students to estimate what the proportionate size the moon is to the Earth using the clay.  Encourage the pairs to discuss as they work.  Give students a specific time to determine the sizes.  

3. OPTIONAL:  Instruct students to find the mass of the Earth and Moon estimate using a balance scale.  Record mass in lab book.

4. The size ratio between the Earth and the Moon is 50/1.  Instruct students to make a playdoh snake, and cut their snake in half, and then cut each half into 5 equal pieces, making a total of 10 pieces, and then cut each of the 10 pieces into 5 equal pieces, making a total of 50 pieces. 

5. Instruct the students to take one piece and roll it into a sphere, and the 49 pieces and roll them into a sphere.

6. OPTIONAL:  Instruct students to find the corrected mass of the Earth and Moon using a balance scale and record the corrected mass in their lab books.

7. The students now have a good estimated ratio of the size of the Earth and Moon.

8. Ask students to have one partner hold the Earth and the other partner hold the Moon.

9. Instruct the partners to estimate the distance between the Earth and the Moon.  Give students a specific time to estimate the distance.

10. OPTIONAL:  Instruct students to measure the distance between their Moon and Earth, and record the distance in their lab books.

11. Share with the students that the actual distance between the Earth and the Moon is 30 times the Earth’s diameter.

12. Instruct the students to cut the Earth directly down the middle and measure the diameter.

13. Ask the students to determine the distance using the diameter of the Earth x 30.

14. OPTIONAL:  Instruct students to record the corrected distance in their lab books.

15. Instruct the students to measure that distance, and place the Earth and Moon 30 times the Earth’s diameter.

16. Ask the students to write a paragraph in their lab books on how accurate they were in their initial estimate, and think about why they were so far off.

17. OPTIONAL:  Math – ask students to find the class average estimate for the mass and distance.  Ask students to use the average, and calculate the error (how much is the average different that their final results in mass and distance).  Ask students to find the average error.

Activity 2:
The Earth/Moon Barycenter: 

Definition:
barycenter: the center of mass of two or more bodies which are orbiting each other, and is the point around which both of them orbit.



Diameter
Mass





Distance

Earth

12,756.3 km
5,972,000,000,000,000,000,000,000 kg


Moon

  3,476.0 km
     73,500,000,000,000,000,000,000 kg
384,400 km 

Earth 81 times more massive than the moon

Earth is 3.7 times larger than the moon

The Earth is 50 times more volume that the moon

· Homemade playdoh (enough for ~1/3 cup for 15 groups) from above

· Craft stick for each pair of students

· String (about 18” long)

· Paper or student’s lab notebook (journal)

· Ruler

· Pencil

1. Instruct students to use the same clay from Activity 1.  

2. Mold the Moon clay around one end of the craft stick, taking care that it will not fall off the stick.

3. Mold the Earth clay around the other end of the craft stick, taking care that it will not fall off the stick.

4. Estimate where the center of gravity will be.  Tell your students that once they find the center of gravity, the craft still will be perpendicular when hanging by the string.  (If your students are unsure, see saws are good models to explain center of gravity.  For example, if one child is heavier than another child, then heavier child scoots closer to the center of the see saw.  Otherwise, the lighter child will always be in the air.  The children are adjusting to find the center of gravity of the people and see saw system.)

5. Instruct the students to tie the string around their craft stick, Earth/Moon system.  

6. By trial and error, let the students test until they balance their craft stick.  (It will be almost through the center of the Earth, but a little towards the moon.)

Activity 3: 
Phases of the Moon
· Optional: Styrofoam balls

· Light source 

· Paper 

· Pencils 

· Handout phases of the moon

1. Optional: using masking tape, place 29 marks (each representing 1 Earth day) on the floor in a circle to represent the 29 days it takes to moon to orbit the Earth.

2. Optional: ask your students to each find and stand on one of the 29 masking tape marks.
3. If you do not mark 29 days on the floor, arrange students into a large circle around the room.
4. Stand in the center of the room and state that you will be the Earth, and your students will be the Moon.

5. Ask the students, “Since we only see one side of the Moon, does that mean it doesn’t rotate on its axis?  (As you will see in this first demonstration, the moon does rotate on its axis but very slowly.  It takes the complete orbit around the Earth to rotate once.)

6. Tell the students to look across the room over your head and find a spot (clock, picture, flag, etc.)  That will help them to determine if the moon rotates.  If, during the entire 29 days as the moon orbits the Earth, if they continue staring directly at that landmark, then the moon does not rotate.  However, if they are not staring directly at their chosen landmark, then they are rotating on their axis.

7. Ask the students to advance one day in a counterclockwise direction.  During that day, what did the Earth do?  (It rotated one time on its axis – one day.)  How should the moon be facing (directly at the Earth, since we only see one side – in the case of the students, their faces).

8. Ask the students to advance additional days, one day at a time for 7 days.  Ask the students where they should be facing as they advance (always facing the Earth).  To always face the Earth, the students need to “crab walk,” that is, walk sideways.

9. Ask the students to check their landmark.  Is it directly in front of them?  If not, then what does that mean?  (The moon does revolve on its axis.)  If that is the case, how long does it take the moon to revolve one time?

10. Ask the students to advance counterclockwise 7 more days.  Where is their landmark (should be somewhere behind them).  Can they predict how long it will take for the moon to revolve one time (about 28-29 days).

11. Ask the students to advance 14 more days.  Are they pretty close to where they started?  Can they easily spot their landmark?

12. Place the light source at one corner of the room, darken the classroom, and turn on the light.  Optional: Distribute the Styrofoam balls.  Ask everyone to move to the opposite end of the room from the light source.  It is important that the students don’t stand in the shadow of a taller student.  The Styrofoam ball needs to be unobstructed to the light.

13. Now we are going to look at the phases of the Moon.  Our orientation of the room will be different.  There is the sun (point to the light), you are the Earth, and the Styrofoam ball is the Moon.  

14. Hold your Styrofoam ball in a 90º angle in a counterclockwise direction from the light.  Where does the shadow fall on the ball?  (Half of the Styrofoam ball should have light, and half should have shade, and it should look like the letter D, with the right side lit.) Tell your students that this is the FIRST QUARTER MOON, even though we see one half of the moon.  The moon has only gone one quarter of the way around the Earth.

15. Optional: As your students to draw what they see.

16. Instruct the students to turn another 90º to face away from the light, continuing in a counterclockwise direction.  What do they see with the shadows and light on their ball?  (The entire ball should be lit, unless they are blocking the light with their bodies.)  Tell your students that this is the FULL MOON.

17. Optional: As your students to draw what they see.

18. Instruct the students to continue in a counterclockwise direction, stopping another 90º.  What do they see with the shadows and light on their ball?  (Half of the Styrofoam ball should have light, and half should have shade, and it should look like a backwards letter D, with the left side lit.)  Tell your students that this is called the THIRD QUARTER MOON, because the moon has now gone 3/4s the way around the Earth.

19. Optional: As your students to draw what they see.

20. Instruct the students to turn another 90º to face directly towards the light, continuing in a counterclockwise direction.  What do they see with the shadows and light on their ball?  (The entire ball should be in shadows.)  Tell your students that this is the NEW MOON.

21. Once the students have mastered this, ask them to think about the 28 or 29 days it takes the moon to travel around the sun.  How long does it take for the first quarter moon (about 1 week).  How about the full moon (about 2 weeks).  And the third quarter moon (3 weeks).  How often do we have a new moon (about every 4 weeks).  

22. Hand out the moon phases.  Ask the students to find the waxing crescent moon, the waxing gibbous moon, the waning gibbous moon and the waning crescent moon.

23. Ask students at what time will the full moon rise?  (They can find this information on their handouts.)  (I like to teach this lesson when the waning crescent moon is still up.  I take the students outside, and we find and draw that we see.  The students then tell me if the moon is getting bigger or smaller.  How many days will I have to wait until I see the next full moon.

Activity 4: 
Pareidolia
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It is human trait that we see faces in objects that don’t have faces.  As infants, we were drawn to the faces of our parents, family and friends.

Pareidolia is when a vague or random image is perceived as recognizable.  Through the centuries, our ancestors would look up at the night sky and see pictures in the stars and the moon.  Many wondrous stories emerged from these musings.
In this activity, your students will become familiar with the light and dark regions of the moon.  Even though the moon is the most familiar object in the night sky (toddlers recognize the moon), many people are no longer familiar with what it really looks like.

To the right are some of the different pictures that have been traditionally seen in the moon, and some are modern renderings (especially the last one, the lady in the moon using the light regions rather than the dark ones.

In order of top to bottom:

· An English story tells of a witch carrying sticks of wood on her back, or an old man with a lantern
· Aztecs tell a story of two suns fighting for dominance, until one threw a rabbit on the face of the other, ever making is dimmer
· A Polynesian story tells of a woman who walked on a rainbow to live on the moon 
· Of course, faces in the moon (no story directly connected directly with this one)
· Western image is the profile of a coiffed woman wearing a jeweled pendant, the jewel being the crater Tycho, which at full moon is very bright and has bright radiating lines
Activity 5:
Rocket to the Moon
Download http://quilt.jpl.nasa.gov/docs/Straw_Rocket_508FC.pdf

Phases of the Moon
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New Moon - The Moon's unilluminated side is facing the Earth.  The Moon is not visible (except during a solar eclipse).  The lighted side of the Moon faces away from the Earth, towards the sun.  This means that the Sun, Earth, and Moon are almost in a straight line, with the Moon in between the Sun and the Earth.  The Moon that we see looks very dark.  The New Moon rises at sunrise and sets at sunset.

Waxing Crescent - The Moon appears to be partly but less than one-half illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is increasing.  This Moon can be seen after the New Moon, but before the First Quarter Moon.  The crescent will grow larger and larger every day, until the Moon becomes the First Quarter Moon. 

First Quarter - One-half of the Moon appears to be illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is increasing.  The right half of the Moon appears lighted and the left side of the Moon appears dark.  During the time between the New Moon and the First Quarter Moon, the part of the Moon that appears lighted gets larger and larger every day, and will continue to grow until the Full Moon.  The First Quarter Moon rises at Noon and sets at Midnight.

Waxing Gibbous - The Moon appears to be more than one-half but not fully illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is increasing.  This Moon can be seen after the First Quarter Moon, but before the Full Moon.  The amount of the Moon that we can see will grow larger and larger every day.  ("Waxing" means increasing, or growing larger.) 

Full Moon - The Moon's illuminated side is facing the Earth.  The Moon appears to be completely illuminated by direct sunlight.  The lighted side of the Moon faces the Earth.  This means that the Earth, Sun, and Moon are nearly in a straight line, with the Earth in the middle.  The Moon that we see is very bright from the sunlight reflecting off it.  The Full Moon rises at sunset and sets and sunrise.

Waning Gibbous - The Moon appears to be more than one-half but not fully illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is decreasing.  This Moon can be seen after the Full Moon, but before the Last Quarter Moon.  The amount of the Moon that we can see will grow smaller and smaller every day.  ("Waning" means decreasing, or growing smaller.) 

Third Quarter - One-half of the Moon appears to be illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is decreasing.  The left half of the Moon appears lighted, and the right side of the Moon appears dark.  During the time between the Full Moon and the Last Quarter Moon, the part of the Moon that appears lighted gets smaller and smaller every day. It will continue to shrink until the New Moon.  The Third Quarter Moon rises at midnight and sets a noon.

Waning Crescent - The Moon appears to be partly but less than one-half illuminated by direct sunlight.  The fraction of the Moon's disk that is illuminated is decreasing.  This Moon can be seen after the Third Quarter Moon and before the New Moon.  The crescent will grow smaller and smaller every day, until the Moon becomes a New Moon.

New Moon – The cycle repeats.  It takes 29 days from New Moon to New Moon.
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Make your own picture in the moon:

Write your myth about the moon:
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