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From our small world we have gazed upon the
cosmic ocean for thousands of years. Ancient
astronomers observed points of light that appeared
to move among the stars. They called these objects
planets, meaning wanderers, and named them after
Roman deities — Jupiter, king of the gods; Mars,
the god of war; Mercury, messenger of the gods;
Venus, the god of love and beauty, and Saturn,
father of Jupiter and god of agriculture. The
stargazers also observed comets with sparkling
tails, and meteors or shooting stars apparently
falling from the sky.

Since the invention of the telescope, three more
planets have been discovered in our solar system:
Uranus (1781), Neptune (1846), and Pluto (1930).
In addition, there are thousands of small bodies
such as asteroids and comets. Most of the asteroids
orbit in a region between the orbits of Earth and
Mars, while the home of comets lies far beyond
the orbit of Pluto, in the Oort Cloud.

The four planets closest to the Sun—Mercury,
Venus, Earth, and Mars—are called the terrestrial
planets because they have solid rocky surfaces.
The four large planets beyond the orbit of Mars—
Jupiter, Saturn, Uranus, and Neptune—are called
gas giants. Tiny, distant, Pluto has a solid but icier
surface than the terrestrial planets. 

Nearly every planet—and some of the moons—has
an atmosphere. Earth’s atmosphere is primarily
nitrogen and oxygen. Venus has a thick atmosphere
of carbon dioxide, with traces of poisonous gases
such as sulfur dioxide. Mars’ carbon dioxide
atmosphere is extremely thin. Jupiter, Saturn,
Uranus, and Neptune are primarily hydrogen and
helium. When Pluto is near the Sun, it has a thin
atmosphere, but when Pluto travels to the outer
regions of its orbit, the atmosphere freezes and
“collapses” to the planet’s surface. In this regard,
Pluto acts like a comet.

There are 61 natural satellites (also called moons)
around the various planets in our solar system, rang-
ing from bodies larger than our own Moon to small
pieces of debris.  Many of these were discovered by
planetary spacecraft. Some of these have atmos-
pheres (Saturn’s Titan); some even have magnetic
fields (Jupiter’s Ganymede). Jupiter’s moon Io is
the most volcanically active body in the solar sys-
tem. An ocean may lie beneath the frozen crust of
Jupiter’s moon Europa, while images of Jupiter’s
moon Ganymede show historical motion of icy
crustal plates. Some planetary moons, such as
Phoebe at Saturn may be asteroids that were cap-
tured by planet’s gravity.

From 1610 to 1977, Saturn was thought to be the
only planet with rings. We now know that Jupiter,
Uranus, and Neptune also have ring systems,
although Saturn’s is by far the largest. Particles in
these ring systems range in size from dust to boul-
ders to house sized, and may be rocky and/or icy.

Most of the planets also have magnetic fields which
extend into space and form a “magnetosphere”
around  each planet. These magnetospheres rotate
with the planet, sweeping charged particles with
them. The Sun has a magnetic field, the heliosphere,
which envelops our entire solar system.

Ancient astronomers believed that the Earth was the
center of the Universe, and that the Sun and all the
other stars revolved around the Earth. Copernicus
proved that Earth and the other planets in our solar
system orbit our Sun.  Little by little, we are chart-
ing the Universe, and an obvious question arises:
are there other planets around other stars?  Are there
other planets where life might exist?  Only recently
have astronomers had the tools to indirectly detect
large planets around other stars in nearby galaxies.
Direct detection and characterization of such planets
awaits development of yet more powerful observing
tools and techniques.
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Activities
How big is our solar system?  To give you a rough
idea, consider that it took the Voyager 2 spacecraft,
traveling in a sweeping arc at an average 65,000
kilometers (40,000 miles) per hour, 12 years to
reach Neptune! How fast is that in meters per sec-
ond?  In feet per second? If you could travel that
fast, how long would it take you to reach the next
town? To get to the Moon?

Can you build a scale model of the solar system?  If
you use Earth’s diameter as a unit of measure (Earth
diameter = 1), figure out how big the other planets
are compared to Earth. Hint: divide each planet’s
diameter by Earth’s diameter. What objects might
you use to depict the sizes of the Sun and planets?
How far away would the planets be from each
other? Map out a scale model of the solar system in
your town.
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The SUN has inspired mythology in many cultures
including the Ancient Egyptians, the Aztecs, the Native
Americans, and the Chinese. In these and other cultures,
the Sun was seen as everything from a war god to a
hummingbird. The Ancient Chinese believed there were
actually ten suns. We now know that the Sun is a huge,
bright sphere of mostly ionized gas about 5 billion years
old and is the closest star to Earth at a distance of 145
million km (one Astronomical Unit). The next closest
star is 300,000 times further away. There are probably
millions of similar stars in the Milky Way galaxy (and
even more galaxies in the Universe), but the Sun is the
most important to us because it supports life on Earth. It
powers photosynthesis in green plants and is ultimately
the source of all food and fossil fuel. The Sun’s power
causes the seasons, the climate, the currents in the
ocean, the circulation of the air, and the weather in the
atmosphere.

The Sun is some 333,400 times more massive than
Earth (mass=1.99 x 10

30
kg), and contains 99.86% of the

mass of the entire solar system. It is held together by
gravitational attraction, producing immense pressure and
temperature at its core (more than a billion times that of
the atmosphere on Earth, and a density about 160 times
that of water).

At the core the temperature is 16 million degrees Kelvin
(K) which is sufficient to sustain thermonuclear fusion
reactions. The released energy prevents the collapse of
the Sun and keeps it in gaseous form. The total energy
radiated is 383 billion trillion kilowatts/second, which is
equivalent to that generated by 100 billion tons of TNT
exploding each second.

In addition to the energy-producing solar core, the inte-
rior has two distinct regions: a radiative zone and a con-
vective zone. From the dge of the core outward, first
through the radiative zone and then through the convec-
tive zone, the temperature decreases from 8 million to
7,000°K, and density decreases from 20 gm/cm

3
to 4 X

10
-7

gm/m
3
. It takes about 10 million years for photons

to escape from the dense core and reach the surface.
Because the Sun is gaseous, it rotates faster at the equa-
tor (26.8 days) than at the poles (as long as 35 days).

The Sun’s “surface,” known as the photosphere, is just
the visible 500 km thick layer from which most of the
Sun’s radiation and light finally escapes, and is the place
where sunspots are found. Above the photosphere lies
the chromosphere (“sphere of color”) that may be seen
briefly during total solar eclipses as a reddish rim,
caused by hot hydrogen atoms, around the Sun.
Temperature steadily increases with altitude up to
50,000°K, while density drops to 100,000 times less
than in the photosphere. Above the chromosphere lies
the corona (“crown”), extending outward from the Sun
in the form of the “solar wind” to the edge of the solar
system. The corona is extremely hot—millions of
degrees Kelvin. The process that heats the corona is
very mysterious and poorly understood, since the laws
of thermodynamics state that heat energy flows from a
hotter to a cooler place. Mysterious phenomena, such as
this, are studied by researchers in NASA’s Space
Physics Division.

Fast Facts
Spectral Type of Star G2 V

Age 4.5 Billion Years

Mean Distance to Earth 150 Million Kilometers

Rotation Period (at equator) 26.8 days

Radius 695,000 Kilometers

Mass 1.99 x 103° Kilograms

Composition Hydrogen 71%, 

Helium 26.5%,

Other 2.5%

Effective Surface Temperature 5.770 K

Energy Output (Luminosity) 3.83 x 10~ ergs/sec

Solar Constant 0.1368 Watts/cm2

Inclination of Solar Equator to Ecliptic 7.25°

Significant Dates
585BC— First solar eclipse successfully predicted.
1610— Galileo observes sunspots with his telescope.
1650–1715— Maunder Sunspot Minimum discovered.
1854— First connection made between solar activity an

geomagnetic activity.
1868— Helium lines first observed in solar spectrum.
1908— First measurement of sunspot magnetic fields

taken.
1942— First radio emission from Sun observed.
1946— First observation of solar ultraviolet using a sounding

rocket.
1946— 1,000,000˚ K temperature of corona discovered via

coronal spectra lines.
1949— First observation of solar x-rays using a sounding

rocket.
1954— Galactic cosmic rays found to change in intensity

with the 11-year sunspot cycle.
1956— Largest observed solar flare occurred.
1959— First direct observations of solar wind made by

Mariner 2.
1963— First observations of solar gamma rays made by

Orbiting Solar Observatory I (OSO1).
1967— First measurement of solar neutrino flux taken.
1973-4— Skylab observed Sun, discovered coronal holes.
1982— First observations of neutrons from a solar flare by

Solar Maximum Mission (SMM).
1994-5— Ulysses flies over polar regions of Sun.

About the Image
This image of the Sun, taken January 24, 1992, is viewed from
space at x-ray wavelengths. The image, as seen by the Soft X-ray
Telescope on the Japan/US/UK Yohkoh Mission (orbiting solar
observatory), reveals the hot, three-dimensional geometry of the
corona across the full disk of the Sun. The large bright areas are
regions where the Sun’s magnetic field is so strong that it can
trap hot gasses even though the temperature of the region is over
1 million degrees K. The dark areas are coronal holes, which are
the origin of streams of particles, called the high speed solar
wind, that flows past Earth and through the solar system at about
700 kilometers per second.
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The planet MERCURY is the closest to the Sun, orbit-
ing within 46 million km to the Sun at its closest point.
Because it rotates on its axis once every 58.9 days and
circles the Sun once every 87.9 days, Mercury rotates
exactly three times around its axis for every two orbits
around the Sun. If you wanted to stay up for one solar
day on Mercury (sunrise to sunrise), you would be
awake for two Mercurian years (176 Earth days). The
surface temperature has the greatest temperature range
of any planet or satellite in our system, reaching
427° C on the day side and -183° C on the night side.
Mercury’s atmosphere is composed of sodium and
potassium, which is probably derived from the surface.
While Mercury does have an atmosphere, it does not
have satellites.

Smaller than all the other planets, except for Pluto,
Mercury is about one-third the size of Earth. This plan-
et has a magnetic field, although Earth’s magnetic field
is considerably stronger. However, the planet’s density
(5.4 g/cm3) is about the same as Earth’s.  Scientists
think the density indicates an enormous iron core com-
posing some 75 percent of Mercury’s diameter.  A
rocky mantle and crust only about 600 km thick sur-
round the core. When the core and mantle cooled, the
radius of the planet reduced by 2 to 4 km. The proba-
ble result of the planet’s crust shrinking is Mercury’s
unique system of compressive fractures.

Mercury has experienced a unique geological history
which has resulted in a global system of fractures
caused by shrinkage of the planet. Soon after the plan-
et formed it nearly melted from decay of radioactive
elements and the inward migration of iron that formed
its enormous core. This led to the expansion of the
planet and extensive fracturing of the surface which
provided an exit for lava to reach the surface and form
the smooth plains within and between the craters.  At
about the same time and like the other planets,
Mercury was subjected to heavy bombardment by
asteroidal and cometary debris left over from accretion
of the solar system. During this early period of heavy
bombardment, the 1300 km diameter Caloris basin was

formed by the collision of a gigantic asteroid with
Mercury.  The strong shock wave produced by the
impact traveled through the planet to instantaneously
form the hilly, lineated terrain on the opposite side.
Over the next half-billion years, the core and mantle
began to cool. Mercury’s radius decreased by about 2 to
4 km, and the crust was subjected to compressive
stresses that resulted in the lithosphere becoming
strong enough to close off magma sources. Prior to the
magma sources being closed off, eruptions of lava
within and surrounding the large basins, such as
Caloris, formed the smooth plains. Since that time,
only occasional impacts of comets and asteroids have
occurred on Mercury.

To date the only spacecraft to explore Mercury was
Mariner 10 in 1974–75. It imaged about half of the
planet on its three encounters, so half of the planet is
still unexplored. Although the surface of Mercury
resembles the Moon, there are significant geological
differences. Like the Moon, it has heavily cratered
upland regions and large areas of smooth plains that
surround and fill impact basins. It also has a surface
covering of porous, fine-grained soil like the lunar sur-
face. Unlike the Moon, Mercury’s heavily cratered
uplands contain large regions of gently rolling, smooth
plains—the major type of terrain on the planet.

Significant Dates
1610— Italian astronomer Galileo Galilei made first

telescopic observation of Mercury.
1631— French astronomer Pierre Gassendi made first 

telescopic observations of the transit of Mercury 
across the face of the Sun.

1639— Italian astronomer Giovanni Zupus discovered 
Mercury has phases, which is evidence that the 
planet circles the Sun.

1641— German astronomer Johann Franz Encke made 
the first mass determination using the gravity 
effect on the comet Encke.

1889— Italian astronomer Giovanni Schiaparelli produced 
the first map of Mercury’s surface features.

1965— American radio astronomers Gordon Pettengill 
and Rolf Dyce measured Mercury’s rotation
period to be about 59 days.

1968— Surveyor 7 took the first spacecraft picture of 
Mercury from the lunar surface.

1974— Mariner 10 made the first fly-by within 900 km 
of Mercury.

1975— Mariner 10 made the third and final fly-by of Mercury.

About the Image
This false color photomosaic of Mercury is composed of
images taken by the Mariner 10 as it flew by the planet
after the first encounter in March 1974. The image shows
the Caloris basin at the left of the terminator surrounded
and filled by younger smooth plains deposits. This 1,300
km diameter impact basin formed about 4 billion years
ago when a large asteroid or comet struck Mercury. The
smooth plains resemble the lunar maria, the smooth, dark
lava plains that are concentrated on the Moon’s nearside.
However, the Mercurian plains display less contrast in
reflectivity with heavily crater terrain shown on the right,
top and bottom than is seen between the lunar maria
(dark) and the lunar highland (light).
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Fast Facts
Namesake Messenger of the Roman Gods
Diameter 4,878 Kilometers
Mean Distance from Sun 57.8 million Kilometers 
Mass 6/100 the Mass of the Earth
Density 5.44 g/cc
Surface Temperature

Maximum Day Side 740˚ Kelvin (467˚C)
Maximum Night Side 90˚ Kelvin (-183˚C)

Rotational Period 58.6 days
Ecentricity of Orbit 0.206
Rotational Period

(1 Mercury Day) 58.6 Earth days
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At first glance, if Earth had a twin, it would be
VENUS.  The two planets are similar in size, mass,
composition, and distance from the Sun.  But the
similarities end there.  Venus has no oceans, and its
scorching surface temperatures of about 484°C
(900°F) could melt lead.  Venus hides behind a per-
sistent global shroud of sulfuric acid clouds in an
atmosphere composed mostly of carbon dioxide.
The atmosphere is so dense that it crushes down on
the planet’s surface with a pressure equal to that
found at 3,000-foot depths in Earth’s oceans.
Oddly, Venus rotates in a direction opposite that of
Earth, which means that if you were standing on
Venus, you would see the Sun rising in the west and
setting in the east.  Its sluggish rotation makes one
Venus “day” last as long as 243 Earth days.

Because of its convenient orbit and scientific inter-
est, Venus has been visited by more spacecraft, both
U.S. and Russian, than any other planet, with flyby
missions, orbiters, surface landers, and even atmos-
phere-floating balloons.  In 1962, the U.S. launched
Mariner 2, the first successful probe to flyby another
planet.  Mariner 2’s flyby verified Venus’ high tem-
peratures.  Since then, there has been a series of
successful space-flight missions to Venus (see
“Significant Dates”), revealing more and more
about the cloud-veiled planet.

Despite the wealth of valuable data given to us by
these missions, we still had only a rough sketch of
the face of Venus.  The Pioneer Venus and Venera
spacecraft were able to image the surface with
radar, thus answering many of our questions about
large-scale surface features, but many more ques-
tions remained unanswered about the extent to
which the surface has been shaped by volcanoes,
plate tectonics, impact craters, and water and wind
erosion.  To address these questions, NASA, in
1989, launched a new radar imaging spacecraft
named Magellan, named after the early Portugese
explorer Ferdinand Magellan, whose fleet was the
first to circumnavigate Earth.

Magellan arrived at Venus on August 10, 1990.
During its mission, Magellan used synthetic aper-
ture radar to penetrate the thick atmosphere of
Venus and return the highest resolution images ever
taken of 98% of the planet’s surface.  Magellan
revealed that at least 85% of Venus is covered by
volcanic rock—mostly lava flows that form vast
plains.  Much of the remaining surface is mountain-
ous terrain deformed repeatedly by geologic activi-
ty.  In addition, more than 900 impact craters are
randomly scattered over the Venusian surface.
Because no rainfall, oceans, or strong winds exist
on Venus, little erosion occurs.
After two years of radar mapping, Magellan began
acquiring global gravity data in September 1992.  In
the summer of 1993, the spacecraft’s orbit was
changed to bring it closer to the planet for addition-
al observations of the atmosphere and gravity.  The
mission ended in October 1994.

From data returned by Magellan, scientists will cre-
ate and study maps of Venus for years to come.
With Venus’ face unveiled, we now have a better
understanding of Earth’s fraternal twin, and a store
of information that will help us understand the evo-
lution of our own planet.

Fast Facts
Namesake Roman Goddess of Love and Beauty
Distance from Sun 108.2 Million Kilometers
Period of Revolution

(One Venusian Year) 0.62 Earth Years
Equatorial Diameter 12,100 Kilometers
Atmosphere (Main Component) Carbon Dioxide
Inclination of Orbit to Ecliptic 3.4°
Eccentricity of Orbit .007
Rotation Period

(One Venusian Day)       243 earth Days (Retrograde)
Inclination of Axis 177.2°

About the Image
This mosaic of Venus was composed from Magellan images
taken during radar investigations from 1990–1994, centered
at 180° east longitude. Magellan spacecraft imaged more than
98% of venus’surface at a resolution of about 100 meters.
This image has an effective resolution of about 3 kilometers.
Gaps in the Magellan coverage were filled with images from
Earth-based Arecibo radar in a region roughly centered at 0°
latitude and longitude and near the south pole. This mosaic
was color-coded to represent elevation. Missing elevation data
from the Magellan radar altimeter were filled with altimetry
from the Venera spacecraft and the U.S. Pioneer Venus mis-
sions. Brown areas denote rough terrain; the dark blue areas
are smooth surfaces or possibly areas covered with dust.
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Significant Dates
1962 — Mariner 2 (U.S.) flew by Venus (12/14/62); verified 

high temperatures.
1970 — Venera 7 (U.S.S.R.) soft landed on Venus (12/15/70).
1972 — Venera 8 (U.S.S.R.) landed on Venus (7/22/72);

transmitted nearly an hour of data.
1974 — Mariner 10 (U.S.) bound for Mercury, flew by Venus 

(2/5/74); tracked global atmospheric circulation with 
visible and violet imagery.

1975 — Venera 9 (U.S.S.R.) sent the first surface pictures of 
Venus via its orbiter (10/22/75).

1978 — Pioneer Venus Orbiter (U.S.) radar mapped Venus 
(12/78); Pioneer Venus Multiprobe (U.S.) dropped 
four probes through Venusian clouds.

1983 — Veneras 15 and 16 (U.S.S.R.) provided high-resolution
mapping radar and atmospheric analyses.

1984 — Vegas 1 and 2 (U.S.S.R.) dropped off landers and
balloon probes at Venus while en route to Halley’s 
comet.

1989 — Magellan (U.S.) was launched toward Venus (5/4/89).
1990 — Magellan arrived at Venus and mapped 98% of the

planet. Mission ended in 1994.



National Aeronautics and
Space Administration Earth  



National Aeronautics and
Space Administration Earth  

LG-1997-12-476-HQ

EARTH, our planet, is the only planet in the solar system
known to harbor life. All of the things we need to survive
are provided under a thin layer of atmosphere that separates
us from the uninhabitable void of space.  Earth is made up
of complex, interactive systems that are often unpre-
dictable. Air, water, land, and humans themselves combine
forces to create a constantly changing world that we are
striving to understand.

NASA, in partnership with other U.S. and international
agencies, has been studying Earth as an integrated system.
Viewing Earth from the unique perspective of space pro-
vides the opportunity to see Earth as a whole. Scientists
around the world have discovered many things about our
planet by working together and sharing their findings.

Some facts are well known. For instance, Earth is the third
planet from the Sun, and the fifth largest in the solar sys-
tem. Earth’s diameter is just a few hundred kilometers larg-
er than that of Venus. Our planet rotates on its axis at a sur-
face speed of approximately 0.5.km/sec at mid-latitudes,
while orbiting the Sun at a speed about 30 km/sec. We
experience these motions as the daily routine of sunrise and
sunset and the slower change of the seasons. The four sea-
sons are a result of Earth’s axis of rotation being tilted
more that 23 degrees.

The changing nature of the planet’s systems are the myster-
ies that scientists study today. For instance, the North
American continent continues to move west over the
Pacific Ocean basin, roughly at a rate equal to the growth
of our fingernails. We are made aware of this movement
when it is interrupted by earthquakes. Scientists notice a
distinctive pattern to those earthquakes, leading them to
conclude that Earth is dynamic, with its spherical surface
separated into moving caps or plates. Earthquakes result
when plates grind past one another, ride up over one anoth-
er, collide to make mountains, or split and separate. These
movements are known as plate tectonics. Developed within
the last thirty years, this explanation has unified the results
of centuries of study of our planet, long believe to be static.

Oceans at least 4 km deep covers nearly 70% of Earth’s
surface. Water exists in the liquid phase only within a nar-
row temperature span (0 degrees to 100 degrees C). This
temperature span is especially narrow when contrasted with
the full range of temperatures found within the solar sys-
tem. The presence and distribution of water vapor in the
atmosphere is responsible for much of the Earth’s weather.

On the surface, we are enveloped by an ocean of air
that consists of 78% nitrogen, 21% oxygen, and 1%
other constituents. Earth’s atmosphere shields us from
nearly all harmful radiation coming from the Sun, and
protects us from meteors as well—most of which burn
up before they can strike the surface. Satellites have
revealed that the upper atmosphere, which was thought
to be calm and uneventful, actually swells by day and
contracts by night due to solar activity. The upper
atmosphere contributes to Earth’s weather and climate
and protects us from the Sun’s harmful ultraviolet
radiation.

Besides affecting Earth’s weather, solar activity gives
rise to a dramatic visual phenomenon in our atmos-
phere. When charged particles from the solar wind
become trapped in Earth’s magnetic field, they collide
with air molecules above our planet’s magnetic poles.
These air molecules then begin to glow and are known
as the auroras, or the Northern and Southern lights.

Our planet’s rapid spin and molten nickel-iron core
give rise to a magnetic field, which the solar wind dis-
torts into a teardrop shape. The solar wind is a stream
of charged particles continuously ejected from the
Sun. The magnetic field does not fade off into space,
but has definite boundaries.

As you observe Earth’s finite boundaries, depicted on
the front of this lithograph, consider the many unan-
swered questions and discoveries yet to be made on
our own home planet.

Fast Facts
Equatorial Diameter 12,756 km
Mean Distance from Sun 1.52 X 108 km
Mass 5.976 X 1023 kg
Density 5.52 g/cm3

Mean Orbital Velocity 29.79 km/s
Tilt of Equator to Orbit 23.45º
Rotational Period 23.93 hours
Eccentricity of Orbit 0.017
Number of Satellites 1
Orbit Period 365.26 days

Significant Dates
1957— Sputnik 1 U.S.S.R. became the first artificial satellite of 

the Earth.
1959— Luna 1 U.S.S.R. was the first successful mission to the

Moon and the first spacecraft to leave Earth’s gravity.
1960— NASA launched TIROS I, the first weather satellite.
1961— Vostok 1 U.S.S.R. carried the first human, Yuri Gagarin, 

into space. Alan Shepard became the first U.S. astronaut 
in space.

1962— John Glenn, Jr. was the first American to orbit Earth.
1964— Nimbus I began a series of missions to study Earth’s

atmosphere, geology, and oceans.
1968— The first humans orbited the Moon (U.S.).
1969— Apollo 11 (U.S.) became the first manned lunar landing.
1972— NASA began the Landsat satellite series to observe Earth’s 

land surfaces.
1973— Skylab, the first space station (U.S.), was launched.
1976— LAGEOS I tracked movements of Earth’s surface to 

increase understanding of earthquakes and other geological 
activity.

1978— The TOMS instrument, launched on Nimbus VII, recorded 
continuous data on Earth ozone layer.

1984— Earth Radiation Budget Satellite began studies of Earth’s 
reaction to the Sun’s energy.

1991— The UARS comprehensive data on chemistry and physics 
of the atmosphere provides evidence that human-made 
chemicals are responsible for the Antarctic ozone hole.

1992— The OPEX/Poseidon satellite details links between Earth’s 
oceans and climate.

1998— NASA will launch first satellite of Earth Observing System 
(EOS) series, continuing through the first decade of the 
21st century.

About the Image
This Apollo 10 view of Earth was taken during a journey to the Moon
in May 1969. While clouds obscure the Yucatan Peninsula, nearly all
of Mexico north of the Isthmus of Tehuantepec is clearly visible. The
Gulf of California, Baja, and the San Joaquin Valley of California
are identifiable as well. In the upper right corner, the northern polar
cap appears with pressure fronts emanating to the south.
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The MOON, Earth’s only natural satellite, is unusu-
ally large in relation to its planet, having a diameter
roughly 1/4 that of Earth’s. Thus, the two bodies are
sometimes referred to as a double-planet system.
This situation suggests an unusual origin for the
Moon. Some proposed origin theories include sepa-
ration from Earth, independent formation, and cap-
ture from elsewhere in the solar system. The theory
that seems to explain most of our observations,
however, is that a Mars-sized body once hit Earth
and the resulting debris (from both Earth and the
impacting body) accumulated to form the Moon.
Whatever the origin, we know the Moon was
formed over 4.5 billion years ago (the age of the
oldest collected lunar rocks).

During the Moon’s formation, very high tempera-
tures caused extensive melting of its outer layers.
The melting resulted in the formation of the lunar
crust, probably from a planet-wide “magma ocean.”
The rocks found on the Moon’s highlands are at
least 4.5 billion years old, and are rich in light-col-
ored minerals, called feldspar. These rocks, called
anorthosites, give the lunar highlands their bright
color. In the years since the rocks were formed,
innumerable meteorites have hit the Moon, produc-
ing a crust that is intensely crated and fragmented.

About 4 billion years ago, a series of major impacts
occurred, forming huge craters. These craters are
now the sites of basins called maria (e.g., Mare
Imbrium, Mare Serenitatis). Between 4 and 2.5 bil-
lion years ago, volcanic activity filled these basins
with dark-colored lavas, called basalts. After this
time of volcanism, the Moon cooled down, and has
since been relatively inactive, except for the occa-
sional “hits” of meteorites and comets. The Moon
has not undergone the continual mountain-building
associated with the movement of crustal plates and
volcanic activity that characterized Earth; it is a fos-
sil planet on which the earliest stages of geologic
evolution are preserved.

The Moon, however, is not completely inactive.
Seismometers emplaced by the Apollo astronauts

have recorded small quakes (more properly called
“moonquakes”) at depths of several hundred kilo-
meters. The quakes are probably triggered by tides
resulting from Earth’s gravitational pull. Small
eruptions of gas from some craters, such as
Aristarchus, have also been reported. Local magnet-
ic areas have been detected around craters, but there
is no planet-wide magnetic field resembling Earth’s.
It has also been determined that the deep interior of
the Moon is still hot and perhaps partially molten.

The Moon’s shape is unusual. It is slightly
eggshaped, with the small end of the “egg” pointing
toward Earth. This position causes the Moon to
keep the same face toward Earth at all times. The
far side, which cannot be observed from Earth, has
days and nights just like those on the near side. The
lunar gravity field is also unusual.
A surprising discovery from the tracking of the
Lunar Orbiter photographic spacecraft in the 1960’s
revealed strong areas of high gravitational accelera-
tion located over the circular maria.

The “mascons” (mass concentrations) are thought to
be caused by layers of denser, basaltic lavas that fill
the mare basins. Much remains to be learned about
our Moon, beginning with its origin. Active research
still continues to yield information about our nearest
neighbor in space using the samples and data
returned by Apollo and other missions. Speculation
has begun on how the Moon might be used to sup-
port lunar bases and other human activities in the
next century.

Fast Facts
Diameter 3,476 Kilometers
Mass 1/81 the /mass of Earth
Density 3.3 Grams/Cubic Centimeter
Rotation Period 27.3 Days
Surface Gravity 1/6 g
Escape Velocity 2.4 Kilometers/Second
Oldest Rocks 4.5 Billion Years
Atmosphere None

About the Image
This photograph of the Moon was taken in December 1972 by
the Apollo 17 mission—shortly after the spacecraft left the Moon
to return to Earth. The view shows the full Moon. The region at
the right (about two-thirds of the total) is part of the Moon’s far
side, the side never seen from Earth. The dark regions are the
maria, which are covered with dark-colored basalt lava flows.
The dark, nearly circular mare region at the upper left is called
Mare Crisium. Below it and to the left is Mare Fecunditatis, with
the large white crater Langrenus. The light-colored regions are
the lunar highlands, which are made of older rocks and contain
extensive large craters made by large projectiles that struck the
Moon more than 4 billion years ago. The bright, rayed crater
near the upper-right rim is Giordano Bruno, a fresh crater
formed by a much younger impact event.
_________________________________
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Significant Dates
1610— Italian astronomer Galileo Galilei made the first

telescopic observations of the Moon.
1959— Soviet spacecraft Luna 2 reached the Moon, impacting 

near the crater Autolycus.
1959— Soviet spacecraft Luna 3 flew by the moon and

photographed the far side for the first time.
1961— President John F. Kennedy proposed a manned lunar

program.
1964— Ranger 7 produced the first close-up TV pictures of the 

lunar surface.
1966— Luna 9 made the first soft landing on the Moon.
1967— Lunar Orbiter missions completed photographic mapping 

of the Moon (begun in 1966).
1968— Apollo 8 made the first manned flight to the Moon,

circling it 10 times before returning to Earth.
1969— Apollo 11 mission made the first manned (human crew) 

landing on the Moon and return samples.
1972— Apollo 17 made the last manned landing of the Apollo 

Program.
1976— Soviet Luna 24 returned the last sample of the Moon.
1990— Gaileo spacecraft obtained multispectral images of the 

western limb and part of the far side of the Moon.
1994— Clementine mission conducted multispectral mapping of 

the Moon.
1998— Lunar Prospector will survey mineral composition of 

the Moon.
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