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Twilight

Figures in silhouette during twilight

Twilight is the time between dawn and sunrise, and the
time between sunset and dusk. Sunlight scattered in the
upper atmosphere illuminates the lower atmosphere,
and the surface of the Earth is neither completely lit nor
completely dark. The sun itself is not actually visible
because it is below the horizon. Due to the unusual and
romantic quality of the ambient light at this time,
twilight has long been popular with photographers and
painters, who refer to it as "sweet light" or the "blue
hour", after the French expression l'heure bleue.
Twilight is technically defined as the period before
sunrise and after sunset during which there is natural
light provided by the upper atmosphere, which receives
direct sunlight and reflects part of it toward the Earth's surface.[1]

The collateral adjective of "twilight" is crepuscular (for daylight it is diurnal and for night, nocturnal). The term is
most frequently encountered when applied to certain species of insects and mammals that are most active during that
time.

Definitions

Various definitions of twilight

Twilight is defined according to the solar elevation angle , which is the position of the geometric center of the sun
relative to the horizon. There are three established and widely accepted subcategories of twilight: civil twilight
(brightest), nautical twilight and astronomical twilight (darkest).

http://en.wikipedia.org/w/index.php?title=Silhouette
http://en.wikipedia.org/w/index.php?title=File:蘿蔔坑夜色.jpg
http://en.wikipedia.org/w/index.php?title=Dawn
http://en.wikipedia.org/w/index.php?title=Dusk
http://en.wikipedia.org/w/index.php?title=Sunlight
http://en.wikipedia.org/w/index.php?title=Scattering
http://en.wikipedia.org/w/index.php?title=Earth%27s_atmosphere
http://en.wikipedia.org/w/index.php?title=Ambient_light
http://en.wikipedia.org/w/index.php?title=Blue_hour
http://en.wikipedia.org/w/index.php?title=Blue_hour
http://en.wikipedia.org/w/index.php?title=French_language
http://en.wikipedia.org/w/index.php?title=Collateral_adjective
http://en.wikipedia.org/w/index.php?title=Crepuscular
http://en.wikipedia.org/w/index.php?title=Diurnality
http://en.wikipedia.org/w/index.php?title=Nocturnality
http://en.wikipedia.org/w/index.php?title=Insect
http://en.wikipedia.org/w/index.php?title=Mammal
http://en.wikipedia.org/w/index.php?title=File:Types-of-twilight-en2.svg
http://en.wikipedia.org/w/index.php?title=Solar_elevation_angle
http://en.wikipedia.org/w/index.php?title=Sun


Twilight 2

Definition
Sun's centre relative to mathematical horizon[2]

Day -0° 50' ≤ 

Sun's lower limb at horizon  = -0° 20'

Center of Sun's disk at
horizon

 = -0° 35'

Sun's upper limb at horizon  = -0° 50'

Civil twilight -6° ≤  < -0° 50'

Nautical twilight -12° ≤  < -6°

Astronomical twilight -18° ≤  < -12°

Night  < -18°

Note that if the sun is 8½ degrees below the horizon, it provides the same level of illumination to the surface of the
Earth as a full moon directly overhead.
(For these definitions, an ideal horizon 90° from the zenith is used.)

Civil twilight

Under civil twilight circumstances, the horizon is clearly visible, and
terrestrial objects are easily perceptible, without artificial light.

Morning civil twilight begins when the geometric
center of the sun is 6° below the horizon (the point of
civil dawn), and ends at sunrise. Evening civil twilight
begins at sunset and ends when the center of the sun
reaches 6° below the horizon (the point of civil dusk).
In general, civil twilight is the point where artificial
illumination is required to read outside.[2]

The brightest stars appear during the civil twilight, as
well as planets, such as Venus, which is known as the
'morning star' and/or 'evening star'. During this period there is enough light from the sun that artificial sources of
light may not be needed to carry on outdoor activities. This concept is sometimes enshrined in laws, for example,
when drivers of automobiles must turn on their headlights, when pilots may exercise the rights to fly aircraft, or if
the crime of burglary is to be treated as nighttime burglary, which carries stiffer penalties in some jurisdictions. A
fixed period (most commonly 30 minutes after sunset or before sunrise) is typically used in such statutes, rather than
how many degrees the sun is below the horizon. Civil twilight can also be described as the limit at which twilight
illumination is sufficient, under good weather conditions, for terrestrial objects to be clearly distinguished; at the
beginning of morning civil twilight, or end of evening civil twilight, the horizon is clearly defined and the brightest
stars are visible under good atmospheric conditions.
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Nautical twilight

Nautical twilight in Acapulco, with visible stars and horizon

Nautical twilight is the time when the center of the sun
is between 6° and 12° below the horizon. In general,
nautical twilight is the point where navigation via the
horizon at sea is no longer possible.[2]

At this time, sailors can take reliable star sights of
well-known stars, using a visible horizon for reference.
The end of this period in the evening, or its beginning
in the morning, is also the time at which traces of
illumination near the sunset or sunrise point of the
horizon are very difficult if not impossible to discern
(this often being referred to as "first light" before civil
dawn and "nightfall" after civil dusk). At the beginning
of nautical twilight in the morning (nautical dawn), or at the end of nautical twilight in the evening (nautical dusk),
under good atmospheric conditions and in the absence of other illumination, general outlines of ground objects may
be distinguishable, but detailed outdoor operations are not possible, and the horizon is indistinct.

Nautical twilight has military considerations as well. The initialisms BMNT (begin morning nautical twilight) and
EENT (end evening nautical twilight) are used and considered when planning military operations. A military unit
may treat BMNT and EENT with heightened security (i.e. a process called "stand to" in which everyone pulls
security). This is partially due to tactics dating back to the French and Indian War, when combatants on both sides
would use BMNT and EENT to launch attacks.

Astronomical twilight

Astronomical twilight at Prague Castle

Astronomical twilight is the time when the center of the
sun is between 12° and 18° below the horizon. In
general, the end of astronomical twilight is the point
where the sky no longer illuminated by the sun and is
dark enough for all astronomical observations.[2]

Most casual observers would consider the entire sky
already fully dark even when astronomical twilight is
just beginning in the evening or just ending in the
morning, and astronomers can easily make
observations of point sources such as stars, but faint
diffuse items such as nebulae and galaxies can only be
properly observed beyond the limit of astronomical
twilight. Theoretically, the dimmest stars ever visible to the naked eye—those of the sixth magnitude—will appear in
the evening once the sun falls more than 18° below the horizon (i.e. when astronomical dusk occurs) and disappear
when the sun moves to within 18° of the horizon in the morning (when astronomical dawn occurs). However, due
to light pollution, some localities—generally those in large cities—may never have the opportunity to view even
fourth-magnitude stars, irrespective of the presence of any twilight at all.[1]
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Length

The number of daylight hours depends on the latitude and time of year. There are brief
times in March and September where continuous daylight exists at locations near either

pole.

The length of twilight after sunset and
before sunrise is heavily influenced by
the latitude of the observer. In the
Arctic and Antarctic regions, twilight
(if at all) can last for several hours.
There is no civil twilight at the poles
within a month on either side of the
winter solstice. At the poles, civil
twilight can be as long as two weeks,
while at the equator, it can go from day
to night in as little as twenty minutes.
This is because at low latitudes the
sun's apparent movement is
perpendicular to the observer's
horizon. As one gets closer to the
Arctic and Antarctic circles, the sun's
disk moves toward the observer's
horizon at a lower angle. The
observer's earthly location will pass through the various twilight zones less directly, taking more time.

Within the polar circles, twenty-four hour daylight is encountered in summer and in regions very close to the poles,
twilight can literally lasts for weeks on the winter side of the equinoxes. Outside the polar circles, where the angular
distance from the polar circle is less than the angle which defines twilight (see above), twilight can continue through
local midnight near the summer solstice (June in the Northern Hemisphere, December in the Southern Hemisphere).
The precise position of the polar circles, and thus of the regions where twilight can continue through local midnight,
varies slightly from year to year with Earth's axial tilt. The lowest latitudes at which the various twilights can
continue through local midnight are approximately 60.561° ( 60° 33’ 43” ) for civil twilight, 54.561° ( 54° 33’ 43” )
for nautical twilight and 48.561° ( 48° 33’ 43” ) for astronomical twilight.[3] [4]

These are the largest cities, of their respective countries, where the various twilights can continue through local
midnight:
• Civil twilight from sunset to sunrise: Arkhangelsk, Tampere, Umeå, Trondheim, Mid Yell, Tórshavn, Reykjavik,

Nuuk, Whitehorse and Anchorage.
• Nautical twilight from civil dusk to civil dawn: Petropavl, Moscow, Vicebsk, Vilnius, Riga, Tallinn, Wejherowo,

Flensburg, Helsinki, Stockholm, Copenhagen, Oslo, Newcastle upon Tyne, Glasgow, Belfast, Letterkenny,
Grande Prairie, Juneau, Ushuaia and Puerto Williams.

• Astronomical twilight from nautical dusk to nautical dawn: Hulun Buir, Erdenet, Astana, Samara, Kiev, Minsk,
Warsaw, Košice, Zwettl, Prague, Berlin, Paris, Luxembourg city, Brussels, Amsterdam, London, Cardiff, Dublin,
Calgary, Vancouver, Bellingham, Rio Gallegos and Punta Arenas.

Although Helsinki, Oslo, Stockholm, Tallinn and Saint Petersburg do not actually get civil twilight from sunset to
sunrise, in mid summer they do have noticeably lighter skies at night (white nights).
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On other planets
Twilight on Mars is longer than on Earth, lasting for up to two hours before sunrise or after sunset. Dust high in the
atmosphere scatters light to the night side of the planet. Similar twilights are seen on Earth following major volcanic
eruptions.[5]

See also
• Blue hour
• BMCT
• Green flash
• Polar night
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Axial tilt

To understand axial tilt, consider blue solenoid in
Right hand grip rule as rotational axis of earth,

counter-clockwise direction of magnetic field as
'orbital plane' of Earth and direction of thumb

pointing toward north pole of Earth. In this figure
'axial tilt' is zero degree because the rotational

axis is perpendiculer to orbital plane. If this blue
solenoid (rotational axis) is tilted while orbital

plane remains fixed, then it is called axial tilt of
planet or any celestial body

In astronomy, axial tilt (also called obliquity) is the angle between an
object's rotational axis, and a line perpendicular to its orbital plane. Do
not confuse this with inclination.

To measure obliquity, use the Right hand grip rule for both the rotation
and the orbital motion, i.e.: the line from the vertex at the object's
centre to its north pole (above which the object appears to rotate
counter-clockwise); and the line drawn from the vertex in the direction
of the normal to its orbital plane, (above which the object moves
counter-clockwise in its orbit). At zero degrees, these lines point in the
same direction.

Planet Venus has an axial tilt of 177.3 degrees because it is rotating in
retrograde direction, opposite to other planets like Earth. North pole of
Venus is pointed 'downward'(our southward). Planet Uranus is rotating
on its side in such a way that its rotational axis and hence its north pole
is pointed almost in the same direction of its orbit around the Sun.
Hence axial tilt of Planet Uranus is 97 degrees.[1]

Over the course of an orbit, while the angle of the axial tilt doesn't
change, the orientation of a planet's axial tilt moves through 360
degrees(one complete orbit around the Sun), relative to the Sun,
causing the seasons.

Obliquity

Earth's axial tilt is 23.44°.[2]

In our solar system, the Earth's orbital
plane is known as the ecliptic, and so
the Earth's axial tilt is officially called
the obliquity of the ecliptic. In
formulae it is abbreviated with the
Greek letter ε.

The Earth currently has an axial tilt of
about 23.44°.[2] The axis remains tilted
in the same direction towards the stars
throughout a year and this means that
when a hemisphere (a northern or
southern half of the earth) is pointing
away from the Sun at one point in the
orbit then half an orbit later (half a
year later) this hemisphere will be
pointing towards the Sun. This effect is
the main cause of the seasons (see
effect of sun angle on climate). Whichever hemisphere is currently tilted toward the Sun experiences more hours of
sunlight each day, and the sunlight at midday also strikes the ground at an angle nearer the vertical and thus delivers
more energy per unit surface area.
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Lower obliquity causes polar regions to receive less seasonally contrasting solar radiation, producing conditions
more favorable to glaciation. Like changes in precession and eccentricity, changes in tilt influence the relative
strength of the seasons, but the effects of the tilt cycle are particularly pronounced in the high latitudes where the
great ice ages began.[3] Obliquity is a major factor in glacial/interglacial fluctuations (see Milankovitch cycles).
The obliquity of the ecliptic is not a fixed quantity but changing over time in a cycle with a period of 41,000 years. It
is a very slow effect known as nutation, and at the level of accuracy at which astronomers work, does need to be
taken into account on a daily basis. Note that the obliquity and the precession of the equinoxes are calculated from
the same theory and are thus related to each other. A smaller ε means a larger p (precession in longitude) and vice
versa. Yet the two movements act independent from each other, going in mutually perpendicular directions.

Measurement
Knowledge of the obliquity of the ecliptic (ε) is critical for astronomical calculations and observations from the
surface of the earth (earth-based, positional astronomy).
To quickly grasp an idea of its numerical value one can look at how the sun's angle above the horizon varies with the
seasons. The measured difference between the angles of the Sun above the horizon at noon on the longest and
shortest days of the year gives twice the obliquity.
To an observer on the equator standing all year long looking above, the sun will be directly overhead at noon in
March (Vernal Equinox), then swing north until it is 23° 26’ away from the zenith in June (Summer Solstice). In
September (Autumnal Equinox) it will be back overhead, then at the Winter Solstice in December it will be 23° 26’
away from the vertical again.
Example: an observer at 50° latitude (either north or south) will see the Sun 63° 26’ above the horizon at noon on the
longest day of the year, but only 16° 34’ the shortest day. The difference is 2ε = 46° 52’, and so ε = 23° 26’.
(90° - 50°) + 23.4394° = 63.4394° when measuring angles from the horizon (90° - 50°) - 23.4394° = 16.5606°
At the equator, this would be 90° + 23.4394° = 113.4394° and 90° - 23.4394° = 66.5606° (measuring always from
the southern horizon).

Values
The Earth's axial tilt varies between 22.1° and 24.5° (but see below), with a 42,000 year period, and at present, the
tilt is decreasing. In addition to this steady decrease, there are also much smaller short term (18.6 years) variations,
that is also affected by Sun's gravitation in its depleting angle relative to Earth's, known as nutation.
Simon Newcomb's calculation at the end of the nineteenth century for the obliquity of the ecliptic gave a value of
23° 27’ 8.26” (epoch of 1900), and this was generally accepted until improved telescopes allowed more accurate
observations, and electronic computers permitted more elaborate models to be calculated. Lieske came with an
updated model in 1976 with ε equal to 23° 26’ 21.448” (epoch of 2000), which is part of the approximation formula
recommended by the International Astronomical Union in 2000:
ε = 84,381.448 − 46.84024T − (59 × 10−5)T2 + (1.813 × 10−3)T3, measured in seconds of arc, with T being the time
in Julian centuries (that is, 36,525 days) since the ephemeris epoch of 2000 (which occurred on Julian day
2,451,545.0). A straight application of this formula to 1900 (T=-1) returns 23° 27’ 8.29”, which is very close to
Newcomb's value.
With the linear term in T being negative, at present the obliquity is slowly decreasing. It is implicit that this
expression gives only an approximate value for ε and is only valid for a certain range of values of T. If not, ε would
approach infinity as T approaches infinity. Computations based on a numerical model of solar system show that ε has
a period of about 41,000 years, the same as the constants of the precession p of the equinoxes (although not of the
precession itself).

http://en.wikipedia.org/w/index.php?title=Insolation
http://en.wikipedia.org/w/index.php?title=Ice_age
http://en.wikipedia.org/w/index.php?title=Precession
http://en.wikipedia.org/w/index.php?title=Orbital_eccentricity
http://en.wikipedia.org/w/index.php?title=Milankovitch_cycles
http://en.wikipedia.org/w/index.php?title=Nutation
http://en.wikipedia.org/w/index.php?title=Seasons
http://en.wikipedia.org/w/index.php?title=Vernal_Equinox
http://en.wikipedia.org/w/index.php?title=Summer_Solstice
http://en.wikipedia.org/w/index.php?title=Autumnal_Equinox
http://en.wikipedia.org/w/index.php?title=Winter_Solstice
http://en.wikipedia.org/w/index.php?title=Sun
http://en.wikipedia.org/w/index.php?title=Nutation
http://en.wikipedia.org/w/index.php?title=Simon_Newcomb
http://en.wikipedia.org/w/index.php?title=Lieske
http://en.wikipedia.org/w/index.php?title=International_Astronomical_Union
http://en.wikipedia.org/w/index.php?title=Ephemeris
http://en.wikipedia.org/w/index.php?title=Epoch_%28reference_date%29
http://en.wikipedia.org/w/index.php?title=Numerical_model_of_solar_system


Axial tilt 8

Other theoretical models may come with values for ε expressed with higher powers of T, but since no (finite)
polynomial can ever represent a periodic function, they all go to either positive or negative infinity for large enough
T. In that respect one can understand the decision of the International Astronomical Union to choose the simplest
equation which agrees with most models. For up to 5,000 years in the past and the future all formulas agree, and up
to 9,000 years in the past and the future, most agree to reasonable accuracy. For eras farther out discrepancies get too
large.

Long period variations
Nevertheless extrapolation of the average polynomials gives a fit to a sine curve with a period of 41,013 years,
which, according to Wittmann, is equal to:
ε = A + B sin (C(T + D)); with A = 23.496932° ± 0.001200°, B = − 0.860° ± 0.005°, C = 0.01532 ± 0.0009
radians/Julian century, D = 4.40 ± 0.10 Julian centuries, and T, the time in centuries from the epoch of 2000 as
above.
This means a range of the obliquity from 22° 38’ to 24° 21’, the last maximum was reached in 8700 BC, the mean
value occurred around 1550 and the next minimum will be in 11800. This formula should give a reasonable
approximation for the previous and next million years or so. Yet it remains an approximation in which the amplitude
of the wave remains the same, while in reality, as seen from the results of the Milankovitch cycles, irregular
variations occur. The quoted range for the obliquity is from 21° 30’ to 24° 30’, but the low value may have been a
one-time overshot of the normal 22° 30’.
Over the last 5 million years, the obliquity of the ecliptic (or more accurately, the obliquity of the equator on the
moving ecliptic of date) has varied from 22.0425° to 24.5044°. But for the next one million years the range will be
only from 22.2289° to 24.3472°.
Other planets may have a variable obliquity too, for example on Mars the range is believed to be between 11° and
49°, as a result of gravitational perturbations from other planets.[4] The relatively small range for the Earth is due to
the stabilizing influence of the Moon, but it will not remain so. According to Ward, the orbit of the Moon (which is
continuously increasing due to tidal effects) will have gone from the current 60 to approximately 66.5 Earth radii in
about 1.5 billion years. Once this occurs, a resonance from planetary effects will follow, causing swings of the
obliquity between 22° and 38°. Further, in approximately 2 billion years, when the Moon reaches a distance of 68
Earth radii, another resonance will cause even greater oscillations, between 27° and 60°. This would have extreme
effects on climate.
Tentative evidence has recently emerged for extreme (> 50°) variations in terrestrial axial tilt.[5]

Axial tilt of major celestial bodies

Object Axial tilt (°)

Mercury ~0.01

Venus 177.4

Earth 23.439 281

Moon 1.5424

Mars 25.19

Ceres ~4

Pallas ~60

Jupiter 3.13

Saturn 26.73
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Uranus 97.77

Neptune 28.32

Pluto 119.61

Makemake

Eris

See also

• Celestial equator
• Celestial pole
• Ecliptic
• Milankovitch

cycles
• Nutation

• Orbital plane
• Polar motion
• Retrograde motion
• Rotation axis
• True polar wander
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Earth

 Earth   

Famous "Blue Marble" photograph of Earth, taken from Apollo 17

Designations

Pronunciation English pronunciation: /ˈɜrθ/(  listen)[1]

Adjective earthly, tellurian, telluric, terran, terrestrial.

Orbital characteristics

Epoch J2000.0[2]

Aphelion 152,097,701 km
1.0167103335 AU

Perihelion 147,098,074 km
0.9832898912 AU

Semi-major axis 149,597,887.5 km
1.0000001124 AU

Eccentricity 0.016710219

Orbital period 365.256366 days
1.0000175 yr

Average orbital speed 29.783 km/s
107,218 km/h

Inclination 1.57869°[3]

to Invariable plane

Longitude of ascending node 348.73936°

Argument of perihelion 114.20783°

Satellites 1 (the Moon)

Physical characteristics

Mean radius 6,371.0 km[4]

Equatorial radius 6,378.1 km[5]

Polar radius 6,356.8 km[6]

Flattening 0.0033528[5]
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Circumference 40,075.02 km (equatorial)
40,007.86 km (meridional)
40,041.47 km (mean)

Surface area 510,072,000 km²[7] [8] [9]

148,940,000 km² land  (29.2 %)
361,132,000 km² water (70.8 %)

Volume 1.0832073 × 1012 km3

Mass 5.9736 × 1024 kg[10]

Mean density 5.5153 g/cm3

Equatorial surface gravity 9.780327 m/s²[11]

0.99732 g

Escape velocity 11.186 km/s 

Sidereal rotation
period

0.99726968 d[12]

23h 56m 4.100s

Equatorial rotation velocity 1674.4 km/h (465.1 m/s)

Axial tilt 23.439281°

Albedo 0.367[10]

Surface temp.
   Kelvin
   Celsius

min mean max

184 K 287 K 331 K

−89 °C 14 °C 57.7 °C

Atmosphere

Surface pressure 101.3 kPa (MSL)

Composition 78.08% Nitrogen (N2)
20.95% Oxygen (O2)
0.93% Argon
0.038% Carbon dioxide
About 1% water vapor (varies with climate)[10]

Earth (or the Earth) is the third planet from the Sun, and the fifth-largest of the eight planets in the Solar System. It
is also the largest, most massive, and densest of the Solar System's four terrestrial (or rocky) planets. It is sometimes
referred to as the World, the Blue Planet,[13] or Terra.[14]

Home to millions of species,[15] including humans, Earth is the only place in the universe where life is known to
exist. The planet formed 4.54 billion years ago,[16] and life appeared on its surface within a billion years. Since then,
Earth's biosphere has significantly altered the atmosphere and other abiotic conditions on the planet, enabling the
proliferation of aerobic organisms as well as the formation of the ozone layer which, together with Earth's magnetic
field, blocks harmful radiation, permitting life on land.[17] The physical properties of the Earth, as well as its
geological history and orbit, allowed life to persist during this period. The world is expected to continue supporting
life for another 1.5 billion years, after which the rising luminosity of the Sun will eliminate the biosphere.[18]

Earth's outer surface is divided into several rigid segments, or tectonic plates, that gradually migrate across the 
surface over periods of many millions of years. About 71% of the surface is covered with salt-water oceans, the 
remainder consisting of continents and islands; liquid water, necessary for all known life, is not known to exist on 
any other planet's surface.[19] [20] Earth's interior remains active, with a thick layer of relatively solid mantle, a liquid
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outer core that generates a magnetic field, and a solid iron inner core.
Earth interacts with other objects in outer space, including the Sun and the Moon. At present, Earth orbits the Sun
once for every roughly 366.26 times it rotates about its axis. This length of time is a sidereal year, which is equal to
365.26 solar days.[21] The Earth's axis of rotation is tilted 23.4° away from the perpendicular to its orbital plane,[22]

producing seasonal variations on the planet's surface with a period of one tropical year (365.24 solar days). Earth's
only known natural satellite, the Moon, which began orbiting it about 4.53 billion years ago, provides ocean tides,
stabilizes the axial tilt and gradually slows the planet's rotation. Between approximately 4.1 and 3.8 billion years ago,
asteroid impacts during the Late Heavy Bombardment caused significant changes to the surface environment.
Both the mineral resources of the planet, as well as the products of the biosphere, contribute resources that are used
to support a global human population. The inhabitants are grouped into about 200 independent sovereign states,
which interact through diplomacy, travel, trade and military action. Human cultures have developed many views of
the planet, including personification as a deity, a belief in a flat Earth or in Earth being the center of the universe, and
a modern perspective of the world as an integrated environment that requires stewardship.

Chronology
Scientists have been able to reconstruct detailed information about the planet's past. The earliest dated Solar System
material is dated to 4.5672 ± 0.0006 billion years ago,[23] and by 4.54 billion years ago (within an uncertainty of
1%)[16] the Earth and the other planets in the Solar System formed out of the solar nebula—a disk-shaped mass of
dust and gas left over from the formation of the Sun. This assembly of the Earth through accretion was largely
completed within 10–20 million years.[24] Initially molten, the outer layer of the planet Earth cooled to form a solid
crust when water began accumulating in the atmosphere. The Moon formed shortly thereafter, 4.53 billion years
ago,[25] most likely as the result of a Mars-sized object (sometimes called Theia) with about 10% of the Earth's
mass[26] impacting the Earth in a glancing blow.[27] Some of this object's mass would have merged with the Earth
and a portion would have been ejected into space, but enough material would have been sent into orbit to form the
Moon.
Outgassing and volcanic activity produced the primordial atmosphere. Condensing water vapor, augmented by ice
and liquid water delivered by asteroids and the larger proto-planets, comets, and trans-Neptunian objects produced
the oceans.[28] The newly-formed Sun was only 70% of its present luminosity, yet evidence shows that the early
oceans remained liquid—a contradiction dubbed the faint young Sun paradox. A combination of greenhouse gases
and higher levels of solar activity served to raise the Earth's surface temperature, preventing the oceans from freezing
over.[29]

Two major models have been proposed for the rate of continental growth:[30] steady growth to the present-day[31]

and rapid growth early in Earth history.[32] Current research shows that the second option is most likely, with rapid
initial growth of continental crust[33] followed by a long-term steady continental area.[34] [35] [36] On time scales
lasting hundreds of millions of years, the surface continually reshaped itself as continents formed and broke up. The
continents migrated across the surface, occasionally combining to form a supercontinent. Roughly 750 million years
ago (Ma), one of the earliest known supercontinents, Rodinia, began to break apart. The continents later recombined
to form Pannotia, 600–540 Ma, then finally Pangaea, which broke apart 180 Ma.[37]

Evolution of life
At present, Earth provides the only example of an environment that has given rise to the evolution of life.[38] Highly 
energetic chemistry is believed to have produced a self-replicating molecule around 4 billion years ago, and half a 
billion years later the last common ancestor of all life existed.[39] The development of photosynthesis allowed the 
Sun's energy to be harvested directly by life forms; the resultant oxygen accumulated in the atmosphere and formed 
in a layer of ozone (a form of molecular oxygen [O3]) in the upper atmosphere. The incorporation of smaller cells 
within larger ones resulted in the development of complex cells called eukaryotes.[40] True multicellular organisms
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formed as cells within colonies became increasingly specialized. Aided by the absorption of harmful ultraviolet
radiation by the ozone layer, life colonized the surface of Earth.[41]

Since the 1960s, it has been hypothesized that severe glacial action between 750 and 580 Ma, during the
Neoproterozoic, covered much of the planet in a sheet of ice. This hypothesis has been termed "Snowball Earth", and
is of particular interest because it preceded the Cambrian explosion, when multicellular life forms began to
proliferate.[42]

Following the Cambrian explosion, about 535 Ma, there have been five mass extinctions.[43] The last extinction
event was 65 Ma, when a meteorite collision probably triggered the extinction of the (non-avian) dinosaurs and other
large reptiles, but spared small animals such as mammals, which then resembled shrews. Over the past 65 million
years, mammalian life has diversified, and several million years ago, an African ape-like animal such as Orrorin
tugenensis gained the ability to stand upright.[44] This enabled tool use and encouraged communication that provided
the nutrition and stimulation needed for a larger brain. The development of agriculture, and then civilization, allowed
humans to influence the Earth in a short time span as no other life form had,[45] affecting both the nature and
quantity of other life forms.
The present pattern of ice ages began about 40 Ma and then intensified during the Pleistocene about 3 Ma. The polar
regions have since undergone repeated cycles of glaciation and thaw, repeating every 40–100,000 years. The last ice
age ended 10,000 years ago.[46]

Future

The future of the planet is closely tied to that of the Sun. As a result of the steady accumulation of helium at the
Sun's core, the star's total luminosity will slowly increase. The luminosity of the Sun will grow by 10% over the next
1.1 Gyr (1.1 billion years) and by 40% over the next 3.5 Gyr.[47] Climate models indicate that the rise in radiation
reaching the Earth is likely to have dire consequences, including the possible loss of the planet's oceans.[48]

The Earth's increasing surface temperature will accelerate the inorganic CO2 cycle, reducing its concentration to
lethal levels for plants (10 ppm for C4 photosynthesis) in an estimated 900 million years. The lack of vegetation will
result in the loss of oxygen in the atmosphere, so animal life will become extinct within several million more
years.[49] After another billion years all surface water will have disappeared[18] and the mean global temperature will
reach 70 °C[49] (158 °F). The Earth is expected to be effectively habitable for about another 500 million years,[50]

although this may be extended up to 2.3 billion years if the nitrogen is removed from the atmosphere.[51] Even if the
Sun were eternal and stable, the continued internal cooling of the Earth would result in a loss of much of its CO2 due
to reduced volcanism,[52] and 35% of the water in the oceans would descend to the mantle due to reduced steam
venting from mid-ocean ridges.[53]

The Sun, as part of its evolution, will become a red giant in about 5 Gyr. Models predict that the Sun will expand out 
to about 250 times its present radius, roughly 1 AU (150000000 km).[47] [54] Earth's fate is less clear. As a red giant, 
the Sun will lose roughly 30% of its mass, so, without tidal effects, the Earth will move to an orbit 1.7 AU 
(250000000 km) from the Sun when the star reaches it maximum radius. Therefore, the planet is expected to escape
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envelopment by the expanded Sun's sparse outer atmosphere, though most, if not all, remaining life will be destroyed
because of the Sun's increased luminosity.[47] However, a more recent simulation indicates that Earth's orbit will
decay due to tidal effects and drag, causing it to enter the red giant Sun's atmosphere and be destroyed.[54]

Composition and structure
Earth is a terrestrial planet, meaning that it is a rocky body, rather than a gas giant like Jupiter. It is the largest of the
four solar terrestrial planets, both in terms of size and mass. Of these four planets, Earth also has the highest density,
the highest surface gravity, the strongest magnetic field, and fastest rotation.[55] It also is the only terrestrial planet
with active plate tectonics.[56]

Shape

Size comparison of inner planets (left to right): Mercury, Venus, Earth and Mars

The shape of the Earth is very close to that
of an oblate spheroid, a sphere squished
along the orientation from pole to pole such
that there is a bulge around the equator.[57]

This bulge results from the rotation of the
Earth, and causes the diameter at the equator
to be 43 km larger than the pole to pole
diameter.[58] The average diameter of the
reference spheroid is about 12,742 km,
which is approximately 40,000 km/π, as the
meter was originally defined as
1/10,000,000 of the distance from the equator to the North Pole through Paris, France.[59]

Local topography deviates from this idealized spheroid, though on a global scale, these deviations are very small:
Earth has a tolerance of about one part in about 584, or 0.17%, from the reference spheroid, which is less than the
0.22% tolerance allowed in billiard balls.[60] The largest local deviations in the rocky surface of the Earth are Mount
Everest (8,848 m above local sea level) and the Mariana Trench (10,911 m below local sea level). Because of the
equatorial bulge, the feature farthest from the center of the Earth is actually Mount Chimborazo in Ecuador.[61] [62]

Chemical Composition of the Crust[63]

Compound Formula Composition

Continental Oceanic

silica SiO2 60.2% 48.6%

alumina Al2O3 15.2% 16.5%

lime CaO 5.5% 12.3%

magnesia MgO 3.1% 6.8%

iron(II) oxide FeO 3.8% 6.2%

sodium oxide Na2O 3.0% 2.6%

potassium oxide K2O 2.8% 0.4%

iron(III) oxide Fe2O3 2.5% 2.3%

water H2O 1.4% 1.1%

carbon dioxide CO2 1.2% 1.4%

titanium dioxide TiO2 0.7% 1.4%
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phosphorus pentoxide P2O5 0.2% 0.3%

Total 99.6% 99.9%

Size comparison of Earth and Uranus

Chemical composition

The mass of the Earth is approximately 5.98 × 1024 kg. It is composed
mostly of iron (32.1%), oxygen (30.1%), silicon (15.1%), magnesium
(13.9%), sulfur (2.9%), nickel (1.8%), calcium (1.5%), and aluminium
(1.4%); with the remaining 1.2% consisting of trace amounts of other
elements. Due to mass segregation, the core region is believed to be
primarily composed of iron (88.8%), with smaller amounts of nickel
(5.8%), sulfur (4.5%), and less than 1% trace elements.[64]

The geochemist F. W. Clarke calculated that a little more than 47% of
the Earth's crust consists of oxygen. The more common rock
constituents of the Earth's crust are nearly all oxides; chlorine, sulfur
and fluorine are the only important exceptions to this and their total
amount in any rock is usually much less than 1%. The principal oxides
are silica, alumina, iron oxides, lime, magnesia, potash and soda. The silica functions principally as an acid, forming
silicates, and all the commonest minerals of igneous rocks are of this nature. From a computation based on 1,672
analyses of all kinds of rocks, Clarke deduced that 99.22% were composed of 11 oxides (see the table at right.) All
the other constituents occur only in very small quantities.[]

Internal structure
The interior of the Earth, like that of the other terrestrial planets, is divided into layers by their chemical or physical
(rheological) properties. The outer layer of the Earth is a chemically distinct silicate solid crust, which is underlain
by a highly viscous solid mantle. The crust is separated from the mantle by the Mohorovičić discontinuity, and the
thickness of the crust varies: averaging 6 km under the oceans and 30–50 km on the continents. The crust and the
cold, rigid, top of the upper mantle are collectively known as the lithosphere, and it is of the lithosphere that the
tectonic plates are comprised. Beneath the lithosphere is the asthenosphere, a relatively low-viscosity layer on which
the lithosphere rides. Important changes in crystal structure within the mantle occur at 410 and 660 kilometers below
the surface, spanning a transition zone that separates the upper and lower mantle. Beneath the mantle, an extremely
low viscosity liquid outer core lies above a solid inner core.[65] The inner core may rotate at a slightly higher angular
velocity than the remainder of the planet, advancing by 0.1–0.5° per year.[66]

Geologic layers of the Earth[67]
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Earth cutaway from core to exosphere. Not to scale.

Depth
[68]

km

Component Layer Density
g/cm3

0–60 Lithosphere[69] — 

0–35 ... Crust[70] 2.2–2.9

35–60 ... Upper mantle 3.4–4.4

35–2890 Mantle 3.4–5.6

100–700 ... Asthenosphere — 

2890–5100 Outer core 9.9–12.2

5100–6378 Inner core 12.8–13.1

Heat
Earth's internal heat comes from a combination of residual heat from planetary accretion (about 20%) and heat
produced through radioactive decay (80%).[71] The major heat-producing isotopes in the Earth are potassium-40,
uranium-238, uranium-235, and thorium-232.[72] At the center of the planet, the temperature may be up to 7,000 K
and the pressure could reach 360 GPa.[73] Because much of the heat is provided by radioactive decay, scientists
believe that early in Earth history, before isotopes with short half-lives had been depleted, Earth's heat production
would have been much higher. This extra heat production, twice present-day at approximately 3 billion years ago,[71]

would have increased temperature gradients within the Earth, increasing the rates of mantle convection and plate
tectonics, and allowing the production of igneous rocks such as komatiites that are not formed today.[74]

Present-day major heat-producing isotopes[75]

Isotope Heat release
W/kg

isotope

Half-life
years

Mean mantle
concentration

kg isotope/kg mantle

Heat release
W/kg

mantle

238U 9.46 × 10-5 4.47 × 109 30.8 × 10-9 2.91 × 10-12

235U 5.69 × 10-4 7.04 × 108 0.22 × 10-9 1.25 × 10-13

232Th 2.64 × 10-5 1.40 × 1010 124 × 10-9 3.27 × 10-12

40K 2.92 × 10-5 1.25 × 109 36.9 × 10-9 1.08 × 10-12

Total heat loss from the earth is 4.2 × 1013 Watts.[76] A portion of the core's thermal energy is transported toward the
crust by Mantle plumes; a form of convection consisting of upwellings of higher-temperature rock. These plumes
can produce hotspots and flood basalts.[77] More of the heat in the Earth is lost through plate tectonics, by mantle
upwelling associated with mid-ocean ridges. The final major mode of heat loss is through conduction through the
lithosphere, majority of which occurs in the oceans due to the crust there being much thinner than that of the
continents.[76]
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Tectonic plates

Earth's main plates[78]

Plate name Area
106 km²

African Plate[79] 78.0

Antarctic Plate 60.9

Australian Plate 47.2

Eurasian Plate 67.8

North American Plate 75.9

South American Plate 43.6

Pacific Plate 103.3

The mechanically rigid outer layer of the Earth, the lithosphere, is broken into pieces called tectonic plates. These
plates are rigid segments that move in relation to one another at one of three types of plate boundaries: Convergent
boundaries, at which two plates come together, Divergent boundaries, at which two plates are pulled apart, and
Transform boundaries, in which two plates slide past one another laterally. Earthquakes, volcanic activity,
mountain-building, and oceanic trench formation can occur along these plate boundaries.[80] The tectonic plates ride
on top of the asthenosphere, the solid but less-viscous part of the upper mantle that can flow and move along with
the plates,[81] and their motion is strongly coupled with patterns convection inside the Earth's mantle.
As the tectonic plates migrate across the planet, the ocean floor is subducted under the leading edges of the plates at
convergent boundaries. At the same time, the upwelling of mantle material at divergent boundaries creates
mid-ocean ridges. The combination of these processes continually recycles the oceanic crust back into the mantle.
Because of this recycling, most of the ocean floor is less than 100 million years in age. The oldest oceanic crust is
located in the Western Pacific, and has an estimated age of about 200 million years.[82] [83] By comparison, the
oldest dated continental crust is 4030 million years old.[84]

Other notable plates include the Indian Plate, the Arabian Plate, the Caribbean Plate, the Nazca Plate off the west
coast of South America and the Scotia Plate in the southern Atlantic Ocean. The Australian Plate actually fused with
Indian Plate between 50 and 55 million years ago. The fastest-moving plates are the oceanic plates, with the Cocos
Plate advancing at a rate of 75 mm/yr[85] and the Pacific Plate moving 52–69 mm/yr. At the other extreme, the
slowest-moving plate is the Eurasian Plate, progressing at a typical rate of about 21 mm/yr.[86]

Surface
The Earth's terrain varies greatly from place to place. About 70.8%[87] of the surface is covered by water, with much
of the continental shelf below sea level. The submerged surface has mountainous features, including a
globe-spanning mid-ocean ridge system, as well as undersea volcanoes,[58] oceanic trenches, submarine canyons,
oceanic plateaus and abyssal plains. The remaining 29.2% not covered by water consists of mountains, deserts,
plains, plateaus, and other geomorphologies.
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The planetary surface undergoes reshaping over geological time periods due to the effects of tectonics and erosion.
The surface features built up or deformed through plate tectonics are subject to steady weathering from precipitation,
thermal cycles, and chemical effects. Glaciation, coastal erosion, the build-up of coral reefs, and large meteorite
impacts[88] also act to reshape the landscape.

Present day Earth altimetry and bathymetry. Data from the National
Geophysical Data Center's TerrainBase Digital Terrain Model [89].

The continental crust consists of lower density material
such as the igneous rocks granite and andesite. Less
common is basalt, a denser volcanic rock that is the
primary constituent of the ocean floors.[90] Sedimentary
rock is formed from the accumulation of sediment that
becomes compacted together. Nearly 75% of the
continental surfaces are covered by sedimentary rocks,
although they form only about 5% of the crust.[91] The
third form of rock material found on Earth is
metamorphic rock, which is created from the
transformation of pre-existing rock types through high
pressures, high temperatures, or both. The most
abundant silicate minerals on the Earth's surface
include quartz, the feldspars, amphibole, mica,

pyroxene and olivine.[92] Common carbonate minerals include calcite (found in limestone), aragonite and
dolomite.[93]

The pedosphere is the outermost layer of the Earth that is composed of soil and subject to soil formation processes. It
exists at the interface of the lithosphere, atmosphere, hydrosphere and biosphere. Currently the total arable land is
13.31% of the land surface, with only 4.71% supporting permanent crops.[8] Close to 40% of the Earth's land surface
is presently used for cropland and pasture, or an estimated 1.3 × 107 km² of cropland and 3.4 × 107 km² of
pastureland.[94]

The elevation of the land surface of the Earth varies from the low point of −418 m at the Dead Sea, to a
2005-estimated maximum altitude of 8,848 m at the top of Mount Everest. The mean height of land above sea level
is 840 m.[95]
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Hydrosphere

Elevation histogram of the surface of the Earth. Approximately 71% of the Earth's
surface is covered with water.

The abundance of water on Earth's surface is
a unique feature that distinguishes the "Blue
Planet" from others in the Solar System. The
Earth's hydrosphere consists chiefly of the
oceans, but technically includes all water
surfaces in the world, including inland seas,
lakes, rivers, and underground waters down
to a depth of 2,000 m. The deepest
underwater location is Challenger Deep of
the Mariana Trench in the Pacific Ocean
with a depth of −10,911.4 m.[96] [97] The
average depth of the oceans is 3,800 m,
more than four times the average height of
the continents.[95]

The mass of the oceans is approximately
1.35 × 1018 metric tons, or about 1/4400 of
the total mass of the Earth, and occupies a
volume of 1.386 × 109 km3. If all of the land on Earth were spread evenly, water would rise to an altitude of more
than 2.7 km.[98] About 97.5% of the water is saline, while the remaining 2.5% is fresh water. The majority of the
fresh water, about 68.7%, is currently in the form of ice.[99]

About 3.5% of the total mass of the oceans consists of salt. Most of this salt was released from volcanic activity or
extracted from cool, igneous rocks.[100] The oceans are also a reservoir of dissolved atmospheric gases, which are
essential for the survival of many aquatic life forms.[101] Sea water has an important influence on the world's climate,
with the oceans acting as a large heat reservoir.[102] Shifts in the oceanic temperature distribution can cause
significant weather shifts, such as the El Niño-Southern Oscillation.[103]

Atmosphere
The atmospheric pressure on the surface of the Earth averages 101.325 kPa, with a scale height of about 8.5 km.[10]

It is 78% nitrogen and 21% oxygen, with trace amounts of water vapor, carbon dioxide and other gaseous molecules.
The height of the troposphere varies with latitude, ranging between 8 km at the poles to 17 km at the equator, with
some variation due to weather and seasonal factors.[104]

Earth's biosphere has significantly altered its atmosphere. Oxygenic photosynthesis evolved 2.7 billion years ago,
forming the primarily nitrogen-oxygen atmosphere that exists today. This change enabled the proliferation of aerobic
organisms as well as the formation of the ozone layer which, together with Earth's magnetic field, blocks ultraviolet
solar radiation, permitting life on land. Other atmospheric functions important to life on Earth include transporting
water vapor, providing useful gases, causing small meteors to burn up before they strike the surface, and moderating
temperature.[105] This last phenomenon is known as the greenhouse effect: trace molecules within the atmosphere
serve to capture thermal energy emitted from the ground, thereby raising the average temperature. Carbon dioxide,
water vapor, methane and ozone are the primary greenhouse gases in the Earth's atmosphere. Without this
heat-retention effect, the average surface temperature would be −18 °C and life would likely not exist.[87]
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Weather and climate

The Earth's atmosphere has no definite boundary, slowly becoming thinner and fading into outer space.
Three-quarters of the atmosphere's mass is contained within the first 11 km of the planet's surface. This lowest layer
is called the troposphere. Energy from the Sun heats this layer, and the surface below, causing expansion of the air.
This lower density air then rises, and is replaced by cooler, higher density air. The result is atmospheric circulation
that drives the weather and climate through redistribution of heat energy.[106]

The primary atmospheric circulation bands consist of the trade winds in the equatorial region below 30° latitude and
the westerlies in the mid-latitudes between 30° and 60°.[107] Ocean currents are also important factors in determining
climate, particularly the thermohaline circulation that distributes heat energy from the equatorial oceans to the polar
regions.[108]

Source regions of global air masses

Water vapor generated through surface
evaporation is transported by circulatory
patterns in the atmosphere. When
atmospheric conditions permit an uplift of
warm, humid air, this water condenses and
settles to the surface as precipitation.[106]

Most of the water is then transported back to
lower elevations by river systems, usually
returning to the oceans or being deposited
into lakes. This water cycle is a vital
mechanism for supporting life on land, and
is a primary factor in the erosion of surface

features over geological periods. Precipitation patterns vary widely, ranging from several meters of water per year to
less than a millimeter. Atmospheric circulation, topological features and temperature differences determine the
average precipitation that falls in each region.[109]

The Earth can be sub-divided into specific latitudinal belts of approximately homogeneous climate. Ranging from
the equator to the polar regions, these are the tropical (or equatorial), subtropical, temperate and polar climates.[110]

Climate can also be classified based on the temperature and precipitation, with the climate regions characterized by
fairly uniform air masses. The commonly used Köppen climate classification system (as modified by Wladimir
Köppen's student Rudolph Geiger) has five broad groups (humid tropics, arid, humid middle latitudes, continental
and cold polar), which are further divided into more specific subtypes.[107]
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Upper atmosphere

This view from orbit shows the full Moon partially obscured by the Earth's
atmosphere. NASA image.

Above the troposphere, the atmosphere is
usually divided into the stratosphere,
mesosphere, and thermosphere.[105] Each of
these layers has a different lapse rate,
defining the rate of change in temperature
with height. Beyond these, the exosphere
thins out into the magnetosphere. This is
where the Earth's magnetic fields interact
with the solar wind.[111] An important part
of the atmosphere for life on Earth is the
ozone layer, a component of the stratosphere
that partially shields the surface from
ultraviolet light. The Kármán line, defined
as 100 km above the Earth's surface, is a
working definition for the boundary
between atmosphere and space.[112]

Due to thermal energy, some of the molecules at the outer edge of the Earth's atmosphere have their velocity
increased to the point where they can escape from the planet's gravity. This results in a slow but steady leakage of
the atmosphere into space. Because unfixed hydrogen has a low molecular weight, it can achieve escape velocity
more readily and it leaks into outer space at a greater rate than other gasses.[113] The leakage of hydrogen into space
is a contributing factor in pushing the Earth from an initially reducing state to its current oxidizing one.
Photosynthesis provided a source of free oxygen, but the loss of reducing agents such as hydrogen is believed to
have been a necessary precondition for the widespread accumulation of oxygen in the atmosphere.[114] Hence the
ability of hydrogen to escape from the Earth's atmosphere may have influenced the nature of life that developed on
the planet.[115] In the current, oxygen-rich atmosphere most hydrogen is converted into water before it has an
opportunity to escape. Instead, most of the hydrogen loss comes from the destruction of methane in the upper
atmosphere.[116]
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Magnetic field

The Earth's magnetic field, which approximates a dipole.

The Earth's magnetic field is shaped roughly
as a magnetic dipole, with the poles
currently located proximate to the planet's
geographic poles. According to dynamo
theory, the field is generated within the
molten outer core region where heat creates
convection motions of conducting materials,
generating electric currents. These in turn
produce the Earth's magnetic field. The
convection movements in the core are
chaotic in nature, and periodically change
alignment. This results in field reversals at
irregular intervals averaging a few times
every million years. The most recent
reversal occurred approximately 700,000
years ago.[117] [118]

The field forms the magnetosphere, which
deflects particles in the solar wind. The sunward edge of the bow shock is located at about 13 times the radius of the
Earth. The collision between the magnetic field and the solar wind forms the Van Allen radiation belts, a pair of
concentric, torus-shaped regions of energetic charged particles. When the plasma enters the Earth's atmosphere at the
magnetic poles, it forms the aurora.[119]

Orbit and rotation

Rotation

Earth's axial tilt (or obliquity) and its relation to the rotation axis and plane of
orbit.

Earth's rotation period relative to the Sun—its
mean solar day—is 86,400 seconds of mean
solar time. Each of these seconds is slightly
longer than an SI second because Earth's solar
day is now slightly longer than it was during the
19th century due to tidal acceleration.[120]

Earth's rotation period relative to the fixed stars,
called its stellar day by the International Earth
Rotation and Reference Systems Service (IERS),
is 86164.098903691 seconds of mean solar time
(UT1), or 23h 56m 4.098903691s.[121] [122] Earth's
rotation period relative to the precessing or
moving mean vernal equinox, misnamed its
sidereal day, is 86164.09053083288 seconds of
mean solar time (UT1) (23h 56m

4.09053083288s).[121] Thus the sidereal day is
shorter than the stellar day by about 8.4 ms.[123] The length of the mean solar day in SI seconds is available from the
IERS for the periods 1623–2005[124] and 1962–2005.[125]
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Apart from meteors within the atmosphere and low-orbiting satellites, the main apparent motion of celestial bodies in
the Earth's sky is to the west at a rate of 15°/h = 15'/min. This is equivalent to an apparent diameter of the Sun or
Moon every two minutes; the apparent sizes of the Sun and the Moon are approximately the same.[126] [127]

Orbit
Earth orbits the Sun at an average distance of about 150 million kilometers every 365.2564 mean solar days, or
one sidereal year. From Earth, this gives an apparent movement of the Sun eastward with respect to the stars at a rate
of about 1°/day, or a Sun or Moon diameter every 12 hours. Because of this motion, on average it takes 24 hours—a
solar day—for Earth to complete a full rotation about its axis so that the Sun returns to the meridian. The orbital
speed of the Earth averages about 30 km/s (108,000 km/h), which is fast enough to cover the planet's diameter (about
12,600 km) in seven minutes, and the distance to the Moon (384,000 km) in four hours.[10]

The Moon revolves with the Earth around a common barycenter every 27.32 days relative to the background stars.
When combined with the Earth–Moon system's common revolution around the Sun, the period of the synodic month,
from new moon to new moon, is 29.53 days. Viewed from the celestial north pole, the motion of Earth, the Moon
and their axial rotations are all counter-clockwise. Viewed from a vantage point above the north poles of both the
Sun and the Earth, the Earth appears to revolve in a counterclockwise direction about the Sun. The orbital and axial
planes are not precisely aligned: Earth's axis is tilted some 23.5 degrees from the perpendicular to the Earth–Sun
plane, and the Earth–Moon plane is tilted about 5 degrees against the Earth-Sun plane. Without this tilt, there would
be an eclipse every two weeks, alternating between lunar eclipses and solar eclipses.[10] [128]

The Hill sphere, or gravitational sphere of influence, of the Earth is about 1.5 Gm (or 1,500,000 kilometers) in
radius.[129] [130] This is maximum distance at which the Earth's gravitational influence is stronger than the more
distant Sun and planets. Objects must orbit the Earth within this radius, or they can become unbound by the
gravitational perturbation of the Sun.

Illustration of the Milky Way Galaxy, showing
the location of the Sun.

Earth, along with the Solar System, is situated in the Milky Way
galaxy, orbiting about 28,000 light years from the center of the galaxy.
It is currently about 20 light years above the galaxy's equatorial plane
in the Orion spiral arm.[131]

Axial tilt and seasons

Because of the axial tilt of the Earth, the amount of sunlight reaching
any given point on the surface varies over the course of the year. This
results in seasonal change in climate, with summer in the northern
hemisphere occurring when the North Pole is pointing toward the Sun,
and winter taking place when the pole is pointed away. During the
summer, the day lasts longer and the Sun climbs higher in the sky. In
winter, the climate becomes generally cooler and the days shorter.
Above the Arctic Circle, an extreme case is reached where there is no
daylight at all for part of the year—a polar night. In the southern hemisphere the situation is exactly reversed, with
the South Pole oriented opposite the direction of the North Pole.

http://en.wikipedia.org/w/index.php?title=Meteor
http://en.wikipedia.org/w/index.php?title=Sidereal_year
http://en.wikipedia.org/w/index.php?title=Solar_time
http://en.wikipedia.org/w/index.php?title=Meridian_%28astronomy%29
http://en.wikipedia.org/w/index.php?title=Barycenter
http://en.wikipedia.org/w/index.php?title=Synodic_month
http://en.wikipedia.org/w/index.php?title=Celestial_pole
http://en.wikipedia.org/w/index.php?title=Counter-clockwise
http://en.wikipedia.org/w/index.php?title=Lunar_eclipse
http://en.wikipedia.org/w/index.php?title=Solar_eclipse
http://en.wikipedia.org/w/index.php?title=Hill_sphere
http://en.wikipedia.org/w/index.php?title=Gravity
http://en.wikipedia.org/w/index.php?title=Kilometer
http://en.wikipedia.org/w/index.php?title=Milky_Way_Galaxy
http://en.wikipedia.org/w/index.php?title=Sun
http://en.wikipedia.org/w/index.php?title=File:236084main_MilkyWay-full-annotated.jpg
http://en.wikipedia.org/w/index.php?title=Milky_Way
http://en.wikipedia.org/w/index.php?title=Galaxy
http://en.wikipedia.org/w/index.php?title=Light-year
http://en.wikipedia.org/w/index.php?title=Equatorial_plane
http://en.wikipedia.org/w/index.php?title=Orion_Arm
http://en.wikipedia.org/w/index.php?title=Season
http://en.wikipedia.org/w/index.php?title=Arctic_Circle
http://en.wikipedia.org/w/index.php?title=Polar_night
http://en.wikipedia.org/w/index.php?title=South_Pole


Earth 24

Earth and Moon from Mars, imaged by Mars Global
Surveyor. From space, the Earth can be seen to go
through phases similar to the phases of the Moon.

By astronomical convention, the four seasons are determined by
the solstices—the point in the orbit of maximum axial tilt toward
or away from the Sun—and the equinoxes, when the direction of
the tilt and the direction to the Sun are perpendicular. Winter
solstice occurs on about December 21, summer solstice is near
June 21, spring equinox is around March 20 and autumnal equinox
is about September 23.[132]

The angle of the Earth's tilt is relatively stable over long periods of
time. However, the tilt does undergo nutation; a slight, irregular
motion with a main period of 18.6 years. The orientation (rather
than the angle) of the Earth's axis also changes over time,
precessing around in a complete circle over each 25,800 year
cycle; this precession is the reason for the difference between a
sidereal year and a tropical year. Both of these motions are caused
by the varying attraction of the Sun and Moon on the Earth's
equatorial bulge. From the perspective of the Earth, the poles also

migrate a few meters across the surface. This polar motion has multiple, cyclical components, which collectively are
termed quasiperiodic motion. In addition to an annual component to this motion, there is a 14-month cycle called the
Chandler wobble. The rotational velocity of the Earth also varies in a phenomenon known as length of day
variation.[133]

In modern times, Earth's perihelion occurs around January 3, and the aphelion around July 4. However, these dates
change over time due to precession and other orbital factors, which follow cyclical patterns known as Milankovitch
cycles. The changing Earth-Sun distance results in an increase of about 6.9%[134] in solar energy reaching the Earth
at perihelion relative to aphelion. Since the southern hemisphere is tilted toward the Sun at about the same time that
the Earth reaches the closest approach to the Sun, the southern hemisphere receives slightly more energy from the
Sun than does the northern over the course of a year. However, this effect is much less significant than the total
energy change due to the axial tilt, and most of the excess energy is absorbed by the higher proportion of water in the
southern hemisphere.[135]

Moon

 Characteristics

Diameter 3,474.8 km
2,159.2 mi

Mass 7.349 × 1022 kg
8.1 × 1019 (short) tons

Semi-major
axis

384,400 km
238,700 mi

Orbital period 27 d 7 h 43.7 m

The Moon is a relatively large, terrestrial, planet-like satellite, with a diameter about one-quarter of the Earth's. 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.
The gravitational attraction between the Earth and Moon causes tides on Earth. The same effect on the Moon has led 
to its tidal locking: its rotation period is the same as the time it takes to orbit the Earth. As a result, it always presents
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the same face to the planet. As the Moon orbits Earth, different parts of its face are illuminated by the Sun, leading to
the lunar phases; the dark part of the face is separated from the light part by the solar terminator.
Because of their tidal interaction, the Moon recedes from Earth at the rate of approximately 38 mm a year. Over
millions of years, these tiny modifications—and the lengthening of Earth's day by about 23 µs a year—add up to
significant changes.[136] During the Devonian period, for example, (approximately 410 million years ago) there were
400 days in a year, with each day lasting 21.8 hours.[137]

The Moon may have dramatically affected the development of life by moderating the planet's climate.
Paleontological evidence and computer simulations show that Earth's axial tilt is stabilized by tidal interactions with
the Moon.[138] Some theorists believe that without this stabilization against the torques applied by the Sun and
planets to the Earth's equatorial bulge, the rotational axis might be chaotically unstable, exhibiting chaotic changes
over millions of years, as appears to be the case for Mars.[139] If Earth's axis of rotation were to approach the plane
of the ecliptic, extremely severe weather could result from the resulting extreme seasonal differences. One pole
would be pointed directly toward the Sun during summer and directly away during winter. Planetary scientists who
have studied the effect claim that this might kill all large animal and higher plant life.[140] However, this is a
controversial subject, and further studies of Mars—which has a similar rotation period and axial tilt as Earth, but not
its large Moon or liquid core—may settle the matter.
Viewed from Earth, the Moon is just far enough away to have very nearly the same apparent-sized disk as the Sun.
The angular size (or solid angle) of these two bodies match because, although the Sun's diameter is about 400 times
as large as the Moon's, it is also 400 times more distant.[127] This allows total and annular eclipses to occur on Earth.

A scale representation of the relative sizes of, and average distance between, Earth and Moon.

The most widely accepted theory of the Moon's origin, the giant impact theory, states that it formed from the
collision of a Mars-size protoplanet called Theia with the early Earth. This hypothesis explains (among other things)
the Moon's relative lack of iron and volatile elements, and the fact that its composition is nearly identical to that of
the Earth's crust.[141]

Earth has at least two co-orbital asteroids, 3753 Cruithne and 2002 AA29.[142]

Habitability

A range of theoretical habitable zones with stars of different mass (our Solar System at
center). Not to scale.

A planet that can sustain life is termed
habitable, even if life did not originate
there. The Earth provides the (currently
understood) requisite conditions of
liquid water, an environment where
complex organic molecules can
assemble and sufficient energy to
sustain metabolism.[143] The distance of
the Earth from the Sun, as well as its
orbital eccentricity, rate of rotation,
axial tilt, geological history, sustaining
atmosphere and protective magnetic
field all contribute to the conditions
necessary to originate and sustain life
on this planet.[144]
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Biosphere
The planet's life forms are sometimes said to form a "biosphere". This biosphere is generally believed to have begun
evolving about 3.5 billion years ago. Earth is the only place in the universe where life is known to exist. Some
scientists believe that Earth-like biospheres might be rare.[145]

The biosphere is divided into a number of biomes, inhabited by broadly similar plants and animals. On land
primarily latitude and height above the sea level separates biomes. Terrestrial biomes lying within the Arctic,
Antarctic Circle or in high altitudes are relatively barren of plant and animal life, while the greatest latitudinal
diversity of species is found at the Equator.[146]

Natural resources and land use
The Earth provides resources that are exploitable by humans for useful purposes. Some of these are non-renewable
resources, such as mineral fuels, that are difficult to replenish on a short time scale.
Large deposits of fossil fuels are obtained from the Earth's crust, consisting of coal, petroleum, natural gas and
methane clathrate. These deposits are used by humans both for energy production and as feedstock for chemical
production. Mineral ore bodies have also been formed in Earth's crust through a process of Ore genesis, resulting
from actions of erosion and plate tectonics.[147] These bodies form concentrated sources for many metals and other
useful elements.
The Earth's biosphere produces many useful biological products for humans, including (but far from limited to) food,
wood, pharmaceuticals, oxygen, and the recycling of many organic wastes. The land-based ecosystem depends upon
topsoil and fresh water, and the oceanic ecosystem depends upon dissolved nutrients washed down from the
land.[148] Humans also live on the land by using building materials to construct shelters. In 1993, human use of land
is approximately:

Land use Percentage

Arable land 13.13%[8]

Permanent crops 4.71%[8]

Permanent pastures 26%

Forests and woodland 32%

Urban areas 1.5%

Other 30%

The estimated amount of irrigated land in 1993 was 2,481,250 km².[8]

Natural and environmental hazards
Large areas are subject to extreme weather such as tropical cyclones, hurricanes, or typhoons that dominate life in
those areas. Many places are subject to earthquakes, landslides, tsunamis, volcanic eruptions, tornadoes, sinkholes,
blizzards, floods, droughts, and other calamities and disasters.
Many localized areas are subject to human-made pollution of the air and water, acid rain and toxic substances, loss
of vegetation (overgrazing, deforestation, desertification), loss of wildlife, species extinction, soil degradation, soil
depletion, erosion, and introduction of invasive species.
A scientific consensus exists linking human activities to global warming due to industrial carbon dioxide emissions.
This is predicted to produce changes such as the melting of glaciers and ice sheets, more extreme temperature
ranges, significant changes in weather conditions and a global rise in average sea levels.[149]
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Human geography

Cartography, the study and practice of
map making, and vicariously
geography, have historically been the
disciplines devoted to depicting the
Earth. Surveying, the determination of
locations and distances, and to a lesser
extent navigation, the determination of
position and direction, have developed
alongside cartography and geography,
providing and suitably quantifying the
requisite information.

Earth has approximately 6,803,000,000 human inhabitants as of December 12, 2009.[150] Projections indicate that the
world's human population will reach seven billion in 2013 and 9.2 billion in 2050.[151] Most of the growth is
expected to take place in developing nations. Human population density varies widely around the world, but a
majority live in Asia. By 2020, 60% of the world's population is expected to be living in urban, rather than rural,
areas.[152]

It is estimated that only one eighth of the surface of the Earth is suitable for humans to live on—three-quarters is
covered by oceans, and half of the land area is either desert (14%),[153] high mountains (27%),[154] or other less
suitable terrain. The northernmost permanent settlement in the world is Alert, on Ellesmere Island in Nunavut,
Canada.[155] (82°28′N) The southernmost is the Amundsen-Scott South Pole Station, in Antarctica, almost exactly at
the South Pole. (90°S)

The Earth at night, a composite of DMSP/OLS ground illumination data on a simulated
night-time image of the world. This image is not photographic and many features are

brighter than they would appear to a direct observer.

Independent sovereign nations claim
the planet's entire land surface, with
the exception of some parts of
Antarctica. As of 2007 there are 201
sovereign states, including the 192
United Nations member states. In
addition, there are 59 dependent
territories, and a number of
autonomous areas, territories under
dispute and other entities.[8]

Historically, Earth has never had a
sovereign government with authority
over the entire globe, although a
number of nation-states have striven
for world domination and failed.[156]

The United Nations is a worldwide intergovernmental organization that was created with the goal of intervening in
the disputes between nations, thereby avoiding armed conflict.[157] It is not, however, a world government. While the
U.N. provides a mechanism for international law and, when the consensus of the membership permits, armed
intervention,[158] it serves primarily as a forum for international diplomacy.

The first human to orbit the Earth was Yuri Gagarin on April 12, 1961.[159] In total, about 400 people visited outer 
space and reached Earth orbit as of 2004, and, of these, twelve have walked on the Moon.[160] [161] [162] Normally the 
only humans in space are those on the International Space Station. The station's crew, currently six people, is usually 
replaced every six months.[163] Humans traveled the farthest from the planet in 1970, when Apollo 13 crew was
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400,171 km away from Earth.[164] [165]

Cultural viewpoint

The first photograph ever taken by astronauts of
an "Earthrise", from Apollo 8

The name "Earth" was derived from the Anglo-Saxon word erda,
which means ground or soil. It became eorthe in Old English, then
erthe in Middle English.[166] The standard astronomical symbol of the
Earth consists of a cross circumscribed by a circle.[167]

Earth has often been personified as a deity, in particular a goddess. In
many cultures the mother goddess, also called the Mother Earth, is also
portrayed as a fertility deity. Creation myths in many religions recall a
story involving the creation of the Earth by a supernatural deity or
deities. A variety of religious groups, often associated with
fundamentalist branches of Protestantism[168] or Islam,[169] assert that
their interpretations of these creation myths in sacred texts are literal
truth and should be considered alongside or replace conventional
scientific accounts of the formation of the Earth and the origin and
development of life.[170] Such assertions are opposed by the scientific
community[171] [172] and other religious groups.[173] [174] [175] A prominent example is the creation-evolution
controversy.

In the past there were varying levels of belief in a flat Earth,[176] but this was displaced by the concept of a spherical
Earth due to observation and circumnavigation.[177] The human perspective regarding the Earth has changed
following the advent of spaceflight, and the biosphere is now widely viewed from a globally integrated
perspective.[178] [179] This is reflected in a growing environmental movement that is concerned about humankind's
effects on the planet.[180]

See also
• List of Earth-related topics
• Topic outline of Earth science

• List of Earth science topics
• Topic outline of geography

• List of geography topics
• Topic outline of geology

• List of geology topics
• Eratosthenes#Eratosthenes' measurement of the Earth's circumference
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Ecliptic

Perspective of Earth and celestial sphere, showing the ecliptic (plane), the
celestial equator (overhead the Earth's equator) and the Earth's polar axis
(which also points to the celestial poles). The intersection shown between

the equator and the ecliptic (the vernal equinox point) is not associated with
any particular location on the Earth (despite the diagram), because the

Earth rotates daily, while the celestial sphere does not. The angle between
the equatorial plane and the ecliptic plane is called the obliquity of the

ecliptic (ε).

The ecliptic is the apparent path that the Sun
traces out in the sky during the year, appearing to
move eastwards on an imaginary spherical surface,
the celestial sphere, relative to the (almost) fixed
stars. More accurately, it is the intersection of the
celestial sphere with the ecliptic plane, which is
the geometric plane containing the mean orbit of
the Earth around the Sun. (The ecliptic plane
should be distinguished from the invariable plane
of the solar system, which is perpendicular to the
vector sum of the angular momenta of all
planetary orbital planes, to which Jupiter is the
main contributor. The present ecliptic plane is
inclined to the invariable plane by about 1.5°.)

The name ecliptic arises because eclipses occur
when the full or new Moon is very close to this
path of the Sun.

Ecliptic and equator

As the rotation axis of the Earth is not
perpendicular to its orbital plane, the equatorial
plane is not parallel to the ecliptic plane, but
makes an angle of about 23°26' which is known as
the obliquity of the ecliptic.

The plane of the ecliptic is well seen in this picture from the 1994 lunar
prospecting Clementine spacecraft. Clementine's camera reveals (from right to left)
the Moon lit by Earthshine, the Sun's glare rising over the Moon's dark limb, and

the planets Saturn, Mars and Mercury (the three dots at lower left).

The intersections of the equatorial and
ecliptic planes with the celestial dome are
great circles known as the celestial equator
and the ecliptic respectively. The
intersection line of the two planes results in
two diametrically opposite intersection
points, known as the equinoxes. The
equinox which the Sun passes from south to
north is known as the vernal equinox or first
point of Aries. Ecliptic longitude, usually
indicated with the letter λ, is measured from
this point on 0° to 360° towards the east.
Ecliptic latitude, usually indicated with the
letter β is measured +90° to the north or
-90° to the south. The same intersection
point also defines the origin of the
equatorial coordinate system, named right
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ascension measured from 0 to 24 hours also to the east and usually indicated with α or R.A., and declination, usually
indicated with δ also measured +90° to the north or -90° to the south. Simple rotation formulas allow a conversion
from α,δ to λ,β and back (see: ecliptic coordinate system).

Ecliptic and stars
The ecliptic serves as the center of a region called the zodiac which constitutes a band of 9° on either side.
Traditionally, this region is divided into 12 signs of 30° longitude each. By tradition, these signs are named after 12
of the 13 constellations straddling the ecliptic. The zodiac signs are very important to many astrologers. Modern
astronomers typically use other coordinate systems today (see below).
The position of the vernal equinox is not fixed among the stars but due to the lunisolar precession slowly shifting
westwards over the ecliptic with a speed of 1° per 72 years. A much smaller north/southwards shift can also be
discerned, (the planetary precession, along the instantaneous equator, which results in a rotation of the ecliptic
plane). Said otherwise, the stars shift eastwards (increase their longitude) measured with respect to the equinoxes —
in other words, as measured in ecliptic coordinates and (often) also in equatorial coordinates.
Using the current official IAU constellation boundaries — and taking into account the variable precession speed and
the rotation of the ecliptic — the equinoxes shift through the constellations in the Astronomical Julian calendar years
(in which the year 0 = 1 BC, -1 = 2 BC, etc.) as follows:[1]

• The March equinox passed from Taurus into Aries in year -1865, passed into Pisces in year -67, will pass into
Aquarius in year 2597, will pass into Capricornus in year 4312. It passed along (but not into) a 'corner' of Cetus
on 0°10' distance in year 1489.

• The June solstice passed from Leo into Cancer in year -1458, passed into Gemini in year -10, passed into Taurus
in December year 1989, will pass into Aries in year 4609.

• The September equinox passed from Libra into Virgo in year -729, will pass into Leo in year 2439.
• The December solstice passed from Capricornus into Sagittarius in year -130, will pass into Ophiuchus in year

2269, and will pass into Scorpius in year 3597.

Ecliptic and Sun

UTC date and time of solstices and equinoxes[2]

 year Equinox
Mar

Solstice
June

Equinox
Sept

Solstice
Dec

day time day time day time day time 

2004 20 06:49 21 00:57 22 16:30 21 12:42 

2005 20 12:33 21 06:46 22 22:23 21 18:35 

2006 20 18:26 21 12:26 23 04:03 22 00:22 

2007 21 00:07 21 18:06 23 09:51 22 06:08 

2008 20 05:48 20 23:59 22 15:44 21 12:04 

 2009 20 11:44 21 05:45 22 21:18 21 17:47 

 2010 20 17:32 21 11:28 23 03:09 21 23:38 

 2011 20 23:21 21 17:16 23 09:04 22 05:30 

 2012 20 05:14 20 23:09 22 14:49 21 11:11 

 2013 20 11:02 21 05:04 22 20:44 21 17:11 
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2014 20 16:57 21 10:51 23 02:29 21 23:03 

2015 20 22:45 21 16:38 23 08:20 22 04:48 

2016 20 04:30 20 22:34 22 14:21 21 10:44 

2017 20 10:28 21 04:24 22 20:02 21 16:28 

Due to perturbing influences on the Earth's orbit by the other planets, the true Sun is not always exactly on the
ecliptic, but may be some arcseconds north or south of it. It is therefore the centre of the mean Sun which outlines its
path. As the Earth takes one year to make one complete revolution around the Sun, the apparent position of the Sun
also takes the same length of time to make a complete circuit of the whole ecliptic. With slightly more than 365 days
in the year, the Sun moves almost 1° eastwards every day (direction of increasing longitude). This annual motion
should not be confused with the daily motion of the Sun (and the stars, the whole celestial sphere for that matter)
towards the west along the equator every 24 hours. In fact, where the stars need about 23h56m for one such rotation
to complete the sidereal day, the Sun, which has shifted 1° eastwards during that time needs 4 minutes extra to
complete its circle, making the solar day just 24 hours.
Because the distance between Sun and Earth varies slightly around the year, the speed with which the Sun moves
around the ecliptic is also variable. For example, within one year, the Sun is north of the equator for about 186.40
days and south of the equator for about 178.24 days.
The mean Sun crosses the equator around 20 March at the time of the vernal equinox when its declination, right
ascension, and ecliptic longitude are all zero. (The ecliptic latitude is always zero.) The March equinox marks the
onset of spring in the northern hemisphere and autumn in the southern. The actual date and time varies from year to
year because of the occurrence of leap years. It also shifts slowly over the centuries due to imperfections in the
Gregorian calendar.
Ecliptic longitude 90°, at right ascension 6 hours and a northern declination equal to the obliquity of the ecliptic
(23.44°), is reached around 21 June. This is the June solstice or summer solstice in the northern hemisphere and
winter solstice in the southern hemisphere. It is also the first point of Cancer and directly overhead on Earth on the
tropic of Cancer so named because the Sun turns around in declination. Ecliptic longitude 180°, right ascension 12
hours is reached around 22 September and marks the second equinox or first point of Libra. Due to perturbations to
the Earth orbit, the moment the real Sun passes the equator might be several minutes earlier or later. The southern
most declination of the sun is reached at ecliptic longitude 270°, right ascension 18 hours at the first point of the sign
of Capricorn around 21 December.
In any case it must be stressed that although these traditional signs (in western tropical astrology) have given their
names to the solstices and equinoxes, in reality, (as from the list in the previous chapter) the cardinal points are
currently situated in the constellations of Pisces, Taurus, Virgo and Sagittarius respectively, due to the precession of
the equinoxes.

Ecliptic and planets
Most planets go in orbits around the sun which are almost in the same plane as the Earth's orbital plane, differing by
a few degrees at most. As such they always appear close to the ecliptic when seen in the sky. Mercury with an orbital
inclination of 7° is an exception. Pluto, at 17°, was previously the exception until it was reclassified a dwarf planet,
but other bodies in the Solar System have even greater orbital inclinations (e.g. Eris at 44° and Pallas at 34°).
Interestingly, the Earth has the most inclined orbit of all eight major planets relative to the Sun's equator, with the
giant planets close behind.
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Inclination

Name Inclination
to ecliptic (°)

Inclination
to Sun's equator (°)

Inclination
to Invariable plane

[3] 
(°)

Terrestrials Mercury 7.01 3.38 6.34

Venus 3.39 3.86 2.19

Earth N/A 7.155 1.57

Mars 1.85 5.65 1.67

Gas giants Jupiter 1.31 6.09 0.32

Saturn 2.49 5.51 0.93

Uranus 0.77 6.48 1.02

Neptune 1.77 6.43 0.72

The intersection line of the ecliptical plane and another planet's orbital plane is called the nodal line of that planet,
and the nodal line's intersection points on the celestial sphere are the ascending node (where the planet crosses the
ecliptic from south to north) and the diametrically opposite descending node. Only when an inferior planet passes
through one of its nodes can a transit over the Sun take place. Transits, especially for Venus, are quite rare, because
the Earth's orbit is more inclined than those of the inner two planets.
Inclination and nodal lines, as almost all other orbital elements, change slowly over the centuries due to perturbations
from the other planets.

Ecliptic and Moon
The orbit of the Moon is inclined by about 5° on the ecliptic. Its nodal line is not fixed either, but regresses (moves
towards the west) over a full circle every 18.6 years. This is the cause of nutation and lunar standstill. The moon
crosses the ecliptic about twice per month. If this happens during new moon a solar eclipse occurs, during full moon
a lunar eclipse. This was the way the ancients could trace the ecliptic along the sky; they marked the places where
eclipses could occur.

Ecliptic and star coordinates
Up to the 17th century in Europe, star maps and positions in star catalogues were always given in ecliptical
coordinates, though in China, astronomers employed an equatorial system in their catalogues. It was not until
astronomers started to use telescopes and mechanical clocks to measure star positions that equatorial coordinates
came into use, which occurred so exclusively that nowadays ecliptical coordinates are no longer used. Nonetheless,
this change is not always desirable, as a planetary conjunction would be much more illustratively described by
ecliptic coordinates rather than equatorial.
Also see zodiacal coordinates.
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External links
• NASA: "The Path of the Sun, the Ecliptic" [4]

• Orbits and the Ecliptic Plane [5]

• The Ecliptic: the Sun's Annual Path [6]
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Equator

World map showing the line of the equator.

Nations that touch the equator (red) and the prime meridian (blue)

The equator is the intersection of the
Earth's surface with the plane perpendicular
to the Earth's axis of rotation and containing
the Earth's center of mass. In simpler
language, it is an imaginary line on the
Earth's surface equidistant from the North
Pole and South Pole that divides the Earth
into a Northern Hemisphere and a Southern
Hemisphere. The equators of other planets
and astronomical bodies are defined
analogously.
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Geodesy of the equator

Road sign marking the Equator near Nanyuki,
Kenya

The latitude of the equator is 0°. The length of Earth's equator is about
40075 kilometres (24901.5 mi).

The equator is one of the five main circles of latitude that are based on
the relationship between the Earth's axis of rotation and the plane of
the Earth's orbit around the sun. It is the only line of latitude which is
also a great circle. The imaginary circle obtained when the Earth's
equator is projected onto the sky is called the celestial equator.

The Sun in its seasonal movement through the sky, passes directly over
the equator twice each year, on the March and September equinoxes.
At the equator, the rays of the sun are perpendicular to the surface of
the earth on these dates.

The equator marked as it crosses Ilhéu das Rolas,
in São Tomé and Príncipe

Places on the equator experience the quickest rates of sunrise and
sunset in the world. They are also the only places in the world where
the sun can go directly from the zenith to the nadir and from the nadir
to the zenith. Such places also have a theoretical constant 12 hours of
day and night throughout the year (in practice there are variations of a
few minutes due to the effects of atmospheric refraction and because
sunrise and sunset are measured from the time the edge of the Sun's
disc is on the horizon, rather than its centre). North or south of the
equator day length increasingly varies with latitude and the seasons.

The Earth bulges slightly at the equator. It has an average diameter of
12750 kilometres (7922 mi), but at the equator the diameter is
approximately 43 kilometres (27 mi) greater than the polar diameter.
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A monument marking the equator at the city of
Pontianak, Indonesia

Locations near the equator are good sites for spaceports, such as the
Guiana Space Centre in Kourou, French Guiana, as they are already
moving faster than any other point on the Earth due to the Earth's
rotation, and the added velocity reduces the amount of fuel needed to
launch spacecraft. Spacecraft launched in this manner must launch to
the east to use this effect.

For high precision work, the equator is not quite as fixed as the above
discussion implies. The true equatorial plane must always be
perpendicular to the Earth's spin axis. Although this axis is relatively
stable, its position wanders in approximately a 9 metres (30 ft) radius
circular motion each year. Thus, the true equator moves slightly. This,
however, is only important for detailed scientific studies. The effect is
quite small, and the width of a line marking the equator on almost any
map will be much wider than the error.

Equatorial seasons and climate

The "Marco Zero" in Macapá, Brasil.

Near the equator there is little distinction between summer, winter,
autumn or spring. Temperatures are high year round (permanent
"summer"), with the exception of periods during the wet season
and at higher altitudes. In many tropical regions people identify
two seasons: wet and dry. However, most places close to the
equator are wet throughout the year, and seasons can vary
depending on a variety of factors including elevation and
proximity to an ocean. The rainy and humid conditions mean that
the equatorial climate is not the hottest in the world.
The surface of the Earth at the equator is mostly ocean. The
highest point on the equator is 4690 metres (15387 ft), at
00°00′00″S, 77°59′31″W, on the south slopes of Volcán Cayambe (summit 5790 metres (18996 ft)) in Ecuador. This
is a short distance above the snow line, and this point and its immediate vicinity form the only section of the equator
where snow lies on the ground.

Equatorial countries and territories
The equator traverses the land and/or territorial waters of 14 countries. Starting at the Prime Meridian and heading
eastwards, the equator passes through:
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Co-ordinates Country, territory or sea Notes

0°0′N 0°0′E Atlantic Ocean Gulf of Guinea

0°0′N 6°31′E   São Tomé and Príncipe Ilhéu das Rolas

0°0′N 6°31′E Atlantic Ocean Gulf of Guinea

0°0′N 9°21′E   Gabon

0°0′N 13°56′E   Republic of the Congo

0°0′N 17°46′E   Democratic Republic of the Congo

0°0′N 29°43′E   Uganda

0°0′N 13°22′E Lake Victoria Passing through some islands of   Uganda

0°0′N 34°0′E   Kenya

0°0′N 41°0′E   Somalia

0°0′N 42°53′E Indian Ocean Passing between Gaafu Dhaalu and Gnaviyani atolls,   Maldives

0°0′N 98°12′E   Indonesia The Batu Islands, Sumatra and the Lingga Islands

0°0′N 104°34′E Karimata Strait

0°0′N 109°9′E   Indonesia Borneo

0°0′N 117°30′E Makassar Strait

0°0′N 119°40′E   Indonesia Sulawesi

0°0′N 120°5′E Gulf of Tomini

0°0′N 124°0′E Molucca Sea

0°0′N 127°24′E   Indonesia Kayoa and Halmahera islands

0°0′N 127°53′E Halmahera Sea

0°0′N 129°20′E   Indonesia Gebe Island

0°0′N 129°21′E Pacific Ocean Passing just north of Waigeo island,   Indonesia
Passing just south of Aranuka atoll,   Kiribati
Passing just south of Baker Island,  United States Minor Outlying Islands

0°0′N 91°35′W   Ecuador Isabela Island in the Galápagos Islands

0°0′N 91°13′W Pacific Ocean

0°0′N 80°6′W   Ecuador

0°0′N 75°32′W   Colombia

0°0′N 70°3′W   Brazil Including some islands in the mouth of the Amazon River

0°0′N 49°20′W Atlantic Ocean

Despite its name, no part of Equatorial Guinea's territory lies on the equator. However, its island of Annobón is
about 155 kilometres (100 mi) south of the equator, and the rest of the country lies to the north. The country that
comes closest to the equator without actually touching it is Peru.

http://en.wikipedia.org/w/index.php?title=Atlantic_Ocean
http://en.wikipedia.org/w/index.php?title=Gulf_of_Guinea
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Sao_Tome_and_Principe.svg
http://en.wikipedia.org/w/index.php?title=S%C3%A3o_Tom%C3%A9_and_Pr%C3%ADncipe
http://en.wikipedia.org/w/index.php?title=Ilh%C3%A9u_das_Rolas
http://en.wikipedia.org/w/index.php?title=Atlantic_Ocean
http://en.wikipedia.org/w/index.php?title=Gulf_of_Guinea
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Gabon.svg
http://en.wikipedia.org/w/index.php?title=Gabon
http://en.wikipedia.org/w/index.php?title=File:Flag_of_the_Republic_of_the_Congo.svg
http://en.wikipedia.org/w/index.php?title=Republic_of_the_Congo
http://en.wikipedia.org/w/index.php?title=File:Flag_of_the_Democratic_Republic_of_the_Congo.svg
http://en.wikipedia.org/w/index.php?title=Democratic_Republic_of_the_Congo
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Uganda.svg
http://en.wikipedia.org/w/index.php?title=Uganda
http://en.wikipedia.org/w/index.php?title=Lake_Victoria
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Uganda.svg
http://en.wikipedia.org/w/index.php?title=Uganda
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Kenya.svg
http://en.wikipedia.org/w/index.php?title=Kenya
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Somalia.svg
http://en.wikipedia.org/w/index.php?title=Somalia
http://en.wikipedia.org/w/index.php?title=Indian_Ocean
http://en.wikipedia.org/w/index.php?title=Gaafu_Dhaalu_Atoll
http://en.wikipedia.org/w/index.php?title=Gnaviyani_Atoll
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Maldives.svg
http://en.wikipedia.org/w/index.php?title=Maldives
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Indonesia.svg
http://en.wikipedia.org/w/index.php?title=Indonesia
http://en.wikipedia.org/w/index.php?title=Batu_Islands
http://en.wikipedia.org/w/index.php?title=Sumatra
http://en.wikipedia.org/w/index.php?title=Lingga_Islands
http://en.wikipedia.org/w/index.php?title=Karimata_Strait
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Indonesia.svg
http://en.wikipedia.org/w/index.php?title=Indonesia
http://en.wikipedia.org/w/index.php?title=Borneo
http://en.wikipedia.org/w/index.php?title=Makassar_Strait
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Indonesia.svg
http://en.wikipedia.org/w/index.php?title=Indonesia
http://en.wikipedia.org/w/index.php?title=Sulawesi
http://en.wikipedia.org/w/index.php?title=Gulf_of_Tomini
http://en.wikipedia.org/w/index.php?title=Molucca_Sea
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Indonesia.svg
http://en.wikipedia.org/w/index.php?title=Indonesia
http://en.wikipedia.org/w/index.php?title=Halmahera
http://en.wikipedia.org/w/index.php?title=Halmahera_Sea
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Indonesia.svg
http://en.wikipedia.org/w/index.php?title=Indonesia
http://en.wikipedia.org/w/index.php?title=Pacific_Ocean
http://en.wikipedia.org/w/index.php?title=Waigeo
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Indonesia.svg
http://en.wikipedia.org/w/index.php?title=Indonesia
http://en.wikipedia.org/w/index.php?title=Aranuka
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Kiribati.svg
http://en.wikipedia.org/w/index.php?title=Kiribati
http://en.wikipedia.org/w/index.php?title=Baker_Island
http://en.wikipedia.org/w/index.php?title=File:Flag_of_the_United_States.svg
http://en.wikipedia.org/w/index.php?title=United_States_Minor_Outlying_Islands
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Ecuador.svg
http://en.wikipedia.org/w/index.php?title=Ecuador
http://en.wikipedia.org/w/index.php?title=Isabela_Island_%28Ecuador%29
http://en.wikipedia.org/w/index.php?title=Gal%C3%A1pagos_Islands
http://en.wikipedia.org/w/index.php?title=Pacific_Ocean
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Ecuador.svg
http://en.wikipedia.org/w/index.php?title=Ecuador
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Colombia.svg
http://en.wikipedia.org/w/index.php?title=Colombia
http://en.wikipedia.org/w/index.php?title=File:Flag_of_Brazil.svg
http://en.wikipedia.org/w/index.php?title=Brazil
http://en.wikipedia.org/w/index.php?title=Amazon_River
http://en.wikipedia.org/w/index.php?title=Atlantic_Ocean
http://en.wikipedia.org/w/index.php?title=Equatorial_Guinea
http://en.wikipedia.org/w/index.php?title=Annob%C3%B3n_Province
http://en.wikipedia.org/w/index.php?title=Peru


Equator 45

"Crossing the Line"
The English-speaking seafaring tradition maintains that all sailors who cross the equator during a nautical voyage
must undergo rites of passage and elaborate rituals initiating them into The Solemn Mysteries of the Ancient Order
of the Deep. Those who have never "crossed the line" are derisively referred to as "pollywogs" or simply "slimy
wogs". Upon entering the domain of His Royal Majesty, Neptunus Rex, all wogs are subject to various initiation
rituals performed by those members of the crew who have made the journey before. Upon completion of the
initiation ceremony, the wogs are then known as "trusty Shellbacks". If the crossing of the equator is done at the
180th meridian, the title of "Golden Shellback" is conferred, recognizing the simultaneous entry into the realm of the
Golden Dragon. If the crossing occurs at the Greenwich or Prime Meridian, the sailor is considered to be an
"Emerald Shellback".[1]

Exact length of the equator
The equator is modeled exactly in two widely used standards as a circle of radius an integer number of meters. In
1976 the IAU standardized this radius as 6378140 metres (20925656 ft), subsequently refined by the IUGG to
6378137 metres (20925646 ft) and adopted in WGS-84, though the yet more recent IAU-2000 has retained the old
IAU-1976 value. In either case, the length of the equator is by definition exactly 2π times the given standard, which
to the nearest millimeter is 40075016.686 metres (131479713.54 ft) in WGS-84 and 40075035.535 metres
(131479775.38 ft) in IAU-1976 and IAU-2000.[2]

The geographical mile is defined as one arc minute of the equator, and therefore has different values depending on
which standard equator is used, namely 1855.3248 metres (6087.024 ft) or 1855.3257 metres (6087.027 ft) for
respectively WGS-84 and IAU-2000, a difference of nearly a millimeter.
The earth is standardly modeled as a sphere flattened about 0.336% along its axis. This results in the equator being
about 0.16% longer than a meridian (as a great circle passing through the two poles). The IUGG standard meridian is
to the nearest millimeter 40007862.917 metres (131259392.77 ft), one arc minute of which is 1852.216 metres
(6076.82 ft), explaining the SI standardization of the nautical mile as 1852 metres (6076 ft), more than 3 metres
(10 ft) short of the geographical mile.

See also
• 1st parallel north
• 1st parallel south
• Antarctic Circle
• Arctic Circle
• Equator (BBC TV series)
• Intertropical Convergence Zone
• Thermal equator
• Tropic of Cancer
• Tropic of Capricorn
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Equinox

UTC date and time of solstices and equinoxes[1]

 year Equinox
Mar

Solstice
June

Equinox
Sept

Solstice
Dec

day time day time day time day time 

2004 20 06:49 21 00:57 22 16:30 21 12:42 

2005 20 12:33 21 06:46 22 22:23 21 18:35 

2006 20 18:26 21 12:26 23 04:03 22 00:22 

2007 21 00:07 21 18:06 23 09:51 22 06:08 

2008 20 05:48 20 23:59 22 15:44 21 12:04 

 2009 20 11:44 21 05:45 22 21:18 21 17:47 

 2010 20 17:32 21 11:28 23 03:09 21 23:38 

 2011 20 23:21 21 17:16 23 09:04 22 05:30 

 2012 20 05:14 20 23:09 22 14:49 21 11:11 

 2013 20 11:02 21 05:04 22 20:44 21 17:11 

2014 20 16:57 21 10:51 23 02:29 21 23:03 

2015 20 22:45 21 16:38 23 08:20 22 04:48 

2016 20 04:30 20 22:34 22 14:21 21 10:44 

2017 20 10:28 21 04:24 22 20:02 21 16:28 
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Illumination of the Earth by the Sun on the day of an equinox
(ignoring twilight).

The Earth in its orbit around the Sun causes the Sun to appear on
the celestial sphere moving over the ecliptic (red), which is tilted

on the Equator (white).

Diagram of the Earth's seasons as seen from the north. Far right:
December Solstice.

An equinox occurs twice a year, when the tilt of the
Earth's axis is inclined neither away from nor towards the
Sun, the Sun being vertically above a point on the
Equator. The term equinox can also be used in a broader
sense, meaning the date when such a passage happens.
The name "equinox" is derived from the Latin aequus
(equal) and nox (night), because around the equinox, the
night and day are approximately equally long. It may be
better understood to mean that latitudes +L and -L north
and south of the equator experience nights of equal
length.

The word is also used for the same event happening on
other planets and in setting up a celestial coordinate
system; see equinox (celestial coordinates).

At an equinox, the Sun is at one of two opposite points on
the celestial sphere where the celestial equator (i.e.
declination 0) and ecliptic intersect. These points of
intersection are called equinoctial points: the vernal
point and the autumnal point. By extension, the term
equinox may denote an equinoctial point.

An equinox happens each year at two specific moments in
time (rather than two whole days), when there is a
location on the Earth's Equator where the centre of the
Sun can be observed to be vertically overhead, occurring
around March 20/21 and September 22/23 each year.

Names

• Vernal equinox and autumnal equinox: these
classical names are direct derivatives of Latin (ver =
spring and autumnus = autumn).

• March equinox and September equinox: a usage
becoming the preferred standard by technical writers
choosing to avoid Northern Hemisphere bias (implied
by assuming that March is in the springtime and
September is autumnal—true for those in the Northern
Hemisphere but exactly opposite in the Southern
Hemisphere).

• Northward equinox and southward equinox: names
referring to the apparent motion of the Sun at the times of the equinox.

• Vernal point and autumnal point are the points on the celestial sphere where the Sun is located on the vernal
equinox and autumnal equinox respectively (again, the seasonal attribution is that of the Northern Hemisphere).
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Diagram of the Earth's seasons as seen from the south. Far left:
June Solstice.

Day arc at 0° latitude (Equator)

Day arc at 20° latitude

• First point (or cusp) of Aries and first point of Libra
are archaic names used by navigators and astrologers.
Navigational ephemeris tables record the geographic
position of the First Point of Aries as the reference for
position of navigational stars. Due to the precession of
the equinoxes, the astrological signs where these
equinoxes are located no longer correspond with the
actual constellations once ascribed to them.

Length of equinoctial day and night

On a day of the equinox, the centre of the Sun spends a
roughly equal amount of time above and below the
horizon at every location on the Earth, night and day
being of roughly the same length. The word equinox
derives from the Latin words aequus (equal) and nox
(night); in reality, the day is longer than the night at an
equinox. Commonly, the day is defined as the period
when sunlight reaches the ground in the absence of local
obstacles. From the Earth, the Sun appears as a disc rather
than a single point of light, so when the centre of the Sun
is below the horizon, its upper edge is visible.
Furthermore, the atmosphere refracts light, so even when
the upper limb of the Sun is below the horizon, its rays
reach over the horizon to the ground. In sunrise/sunset
tables, the assumed semidiameter (apparent radius) of the
Sun is 16 minutes of arc and the atmospheric refraction is
assumed to be 34 minutes of arc. Their combination
means that when the upper limb of Sun is on the visible
horizon, its centre is 50 minutes of arc below the
geometric horizon, which is the intersection with the
celestial sphere of a horizontal plane through the eye of
the observer. These cumulative effects make the day
about 14 minutes longer than the night at the Equator and
longer still towards the Poles. The real equality of day
and night only happens in places far enough from the
equator to have a seasonal difference in day length of at
least 7 minutes, actually occurring a few days towards the
winter side of each equinox.

The date at which the time between sunset and sunrise crosses 12 hours , is known as the equilux. Because sunset
and sunrise times vary with an observer's geographic location (longitude and latitude), the equilux likewise depends
on location and does not exist for
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Day arc at 50° latitude

Day arc at 70° latitude

Day arc at 90° latitude (Pole)

locations sufficiently close to the equator. The equinox,
however, is a precise moment in time which is common
to all observers on Earth.

Heliocentric view of the seasons

The Earth's seasons are caused by the rotation axis of the
Earth not being perpendicular to its orbital plane. The
Earth's axis is tilted at an angle of approximately 23.44°
from the orbital plane; this tilt is called the axial tilt. As a
consequence, for half of the year (i.e. from around March
20 to around September 22), the northern hemisphere tips
toward the Sun, with the maximum around June 21, while
for the other half of the year, the southern hemisphere has
this honor, with the maximum around December 21. The
two instants when the Sun is directly overhead at the
Equator are the equinoxes. Also at that moment, both the
North and South Poles of the Earth are just on the
terminator and day and night are divided equally between
the hemispheres.

The table above gives the dates and times of equinoxes
and solstices over several years. A few remarks can be
made about the equinoxes:

• Because the Sun is a spherical (rather than a
single-point) source of light, the actual crossing of the
Sun over the Equator takes approximately 33 hours.

• At the equinoxes, the rate of change for the length of
daylight and night-time is the greatest. At the Poles,
the equinox marks the start of the transition from 24
hours of nighttime to 24 hours of daylight. High in the
Arctic Circle, Longyearbyen, Svalbard, Norway has an
additional 15 minutes more daylight every day around
the time of the Spring equinox, whereas in Singapore
(which is virtually on the Equator), the amount of
daylight each day varies by just seconds.

• It is 94 days from the June solstice to the September
equinox, but only 89 days from the December Solstice
to the March equinox. The seasons are not of equal
length, because of the variable speed of the Earth in its
orbit around the Sun.

• The instances of the equinoxes are not fixed, but fall about six hours later every year, amounting to one full day in
four years. They are reset by the occurrence of a leap year. The Gregorian calendar is designed to follow the
seasons as accurately as is practical, which is good, but not absolutely perfect. Also see: Gregorian calendar
seasonal error.

• Smaller irregularities in the times are caused by perturbations of the Moon and the other planets.
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• Currently, the most common equinox and solstice dates are March 20, June 21, September 22 and December 21;
the four-year average will slowly shift to earlier times in coming years. This shift is a full day in about 70 years
(compensated mainly by the century "leap year" rules of the Gregorian calendar). This also means that in many
years of the twentieth century, the dates of March 21, June 22, September 23 and December 22 were much more
common, so older books teach (and older people may still remember) these dates.

• Note that the times are given in UTC (roughly speaking, the time at Greenwich, ignoring British Summer Time).
People living farther to the east (Asia and Australia), whose local times are in advance, will see the seasons
apparently start later; for example, in Tonga (UTC+13), an equinox occurred on September 24, 1999, a date
which will not crop up again until 2103. On the other hand, people living far to the west (America) whose clocks
run behind UTC may experience an equinox as early as March 19.

Geocentric view of the seasons
In the half year centred on the June solstice, the Sun rises and sets towards the north, which means longer days with
shorter nights for the Northern Hemisphere and shorter days with longer nights for the Southern Hemisphere. In the
half year centred on the December solstice, the Sun rises and sets towards the south and the durations of day and
night are reversed.
Also on the day of an equinox, the Sun rises everywhere on Earth (except the Poles) at 06:00 in the morning and sets
at 18:00 in the evening (local time). These times are not exact for several reasons, one being that the Sun is much
larger in diameter than the Earth that more than half of the Earth could be in sunlight at any one time (due to
unparallel rays creating tangent points beyond an equal-day-night line); other reasons are as follows:
• Most places on Earth use a time zone which is unequal to the local time, differing by up to an hour or even two

hours, if daylight saving time (summer time) is included. In that case, the Sun could rise at 08:00 and set at 20:00,
but there would still be 12 hours of daylight.

• Even those people fortunate enough to have their time zone equal to the local time will not see sunrise and sunset
at 06:00 and 18:00 respectively. This is due to the variable speed of the Earth in its orbit, and is described as the
equation of time. It has different values for the March and September equinoxes (+8 and −8 minutes respectively).

• Sunrise and sunset are commonly defined for the upper limb of the solar disk, rather than its centre. The upper
limb is already up for at least one minute before the centre appears, and likewise, the upper limb sets one minute
later than the centre of the solar disk. Due to atmospheric refraction, the Sun, when near the horizon, appears a
little more than its own diameter above the position than where it is in reality. This makes sunrise more than
another two minutes earlier and sunset the equal amount later. These two effects add up to almost seven minutes,
making the equinox day 12 h 7 min long and the night only 11 h 53 min. In addition to that, the night includes
twilight. When dawn and dusk are added to the daytime instead, the day would be almost 13 hours.

• The above numbers are only true for the tropics. For moderate latitudes, this discrepancy increases (for example,
12 minutes in London) and closer to the Poles it gets very large. Up to about 100 km from either Pole, the Sun is
up for a full 24 hours on an equinox day.

• Height of the horizon on both the sunrise and sunset sides changes the day's length. Going up into the mountains
will lengthen the day, while standing in a valley with hilltops on the east and the west can shorten the day
significantly. This is why settlements in east-west running valleys are more favourable (daylight-wise) than
north-south running valleys.
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Day arcs of the Sun
Some of the above statements can be made clearer when picturing the day arc (i.e. the path the Sun tracks along the
celestial dome in its diurnal movement). The pictures show this for every hour on equinox day. In addition, some
'ghost' suns are also indicated below the horizon, up to 18° down. The Sun in this area still causes twilight. The
pictures can be used for both Northern and Southern hemispheres. The observer is supposed to sit near the tree on the
island in the middle of the ocean; the green arrows give cardinal directions.
• On the northern hemisphere, north is to the left, the Sun rises in the east (far arrow), culminates in the south (right

arrow) while moving to the right and setting in the west (near arrow).
• On the southern hemisphere, south is to the left, the Sun rises in the east (near arrow), culminates in the north

(right arrow) while moving to the left and setting in the west (far arrow).
The following special cases are depicted:
• The day arc on the Equator, passing through the zenith, has almost no shadows at high noon.
• The day arc on 20° latitude: the Sun culminates at 70° altitude and also its daily path at sunrise and sunset occurs

at a steep 70° angle to the horizon. Twilight is still about one hour.
• The day arc on 50° latitude: twilight is almost two hours now.
• The day arc on 70° latitude: the Sun culminates at no more than 20° altitude and its daily path at sunrise and

sunset is at a shallow 20° angle to the horizon. Twilight is more than four hours; in fact, there is barely any night.
• The day arc at the Pole: if it were not for atmospheric refraction, the Sun would be on the horizon all the time.

Celestial co-ordinate systems
The vernal point (vernal equinox) — the one the Sun passes in March on its way from south to north — is used as
the origin of some celestial coordinate systems:
• in the ecliptic coordinate system, the vernal point is the origin of the ecliptic longitude;
• in the equatorial coordinate system, the vernal point is the origin of the right ascension.
Because of the precession of the Earth's axis, the position of the vernal point changes over time and as a
consequence, both the Equatorial and the ecliptic co-ordinate systems change over time. Therefore, when specifying
celestial co-ordinates for an object, one has to specify at what time the vernal point (and also the celestial equatorial)
are taken. That reference time is also called equinox.
The autumnal equinox is at ecliptic longitude 180° and at right ascension 12h.
The upper culmination of the vernal point is considered the start of the sidereal day for the observer. The hour angle
of the vernal point is, by definition, the observer's sidereal time.
For western tropical astrology, the same thing holds true; the vernal equinox is the first point (i.e. the start) of the
sign of Aries. In this system, it is of no significance that the fixed stars and equinox shift compared to each other due
to the precession of the equinoxes.

Cultural aspects of the equinox
• The traditional East Asian calendars divide a year into 24 solar terms (節氣, literally "climatic segments"), and

the vernal equinox (Chūnfēn, Chinese and Japanese: 春分; Korean: 춘분; Vietnamese: Xuân phân) and the
autumnal equinox (Qiūfēn, Chinese and Japanese: 秋分; Korean: 추분; Vietnamese: Thu phân) mark the middle
of the spring and autumn seasons, respectively. In this context, the Chinese character 分 means "(equal) division"
(within a season).

• In Japan, (March) Vernal Equinox Day (春分の日 Shunbun no hi) is an official national holiday, and is spent
visiting family graves and holding family reunions. Similarly, in September, there is an Autumnal Equinox Day
(秋分の日 Shūbun no hi).
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• Wiccans and many other Neopagans hold religious celebrations of "Ostara" on the spring equinox, and "Mabon"
on the autumnal equinox.

Vernal equinox commemorations

Bas-relief in Persepolis - a symbol Iranian/Persian Nowruz - on the
day of an equinox, the power of an eternally fighting bull

(personifying the Earth) and that of a lion (personifying the Sun) are
equal.

Chichen Itza pyramid during the spring equinox - Kukulkan, the
famous descent of the snake

• The March equinox marks the first day of various
calendars including the Iranian calendar and the
Bahá'í calendar.[2] The Persian (Iranian) new year's
festival of Nowruz is celebrated then. According to
the ancient Persian mythology Jamshid, the
mythological king of Persia, ascended to the throne
on this day and each year this is commemorated
with festivities for two weeks. These festivities
recall the story of creation and the ancient
cosmology of Iranian and Persian people. It is also a
holiday for Azerbaijan, Afghanistan, India, Turkey,
Zanzibar, Albania, and various countries of Central
Asia, as well as among the Kurds. As well as being a
Zoroastrian holiday, it is also a holy day for
adherents of the Bahá'í Faith and the Nizari Ismaili
Muslims.[3]

• Sham El Nessim was an ancient Egyptian holiday
which can be traced back as far as 2700 B.C. It is
still one of the public holidays in Egypt. Sometime
during Egypt's Christian period (c. 200-639) the date
moved to Easter Monday, but before then it
coincided with the vernal equinox.

• The Jewish Passover usually falls on the first full
moon after the Northern Hemisphere vernal
equinox, although occasionally (7 times every 19
years) it will occur on the second full moon.

• The Christian churches calculate Easter as the first
Sunday after the first full moon on or after the
March equinox. The official church definition for the equinox is March 21; however, as the Eastern Orthodox
Churches use the older Julian calendar, while the Western Churches use the Gregorian calendar, both of which
designate March 21 as the equinox, the actual date of Easter differs. The earliest possible Easter date in any year
is therefore March 22 on each calendar. The latest possible Easter date in any year is April 25.[4]

• Tamil and Bengali New Years follow the Hindu zodiac and are celebrated according to the sidereal vernal
equinox (April 14). The former is celebrated in the South Indian state of Tamil Nadu, and the latter in Bangladesh
and the East Indian state of West Bengal.

• Andhra Pradesh, Karnataka and Maharastra people celebrate new year ugadi set by Satavahana on the first
morning after first new moon from March equinox. Also the calculations of the great Indian Mathematician
Bhaskaracharya proclaim the Ugadi day as the beginning of the New Year, New month and New day.

• In many Arab countries, Mother's Day is celebrated on the March equinox.
• World Storytelling Day is a global celebration of the art of oral storytelling, celebrated every year on the spring

equinox in the northern hemisphere, the first day of autumn equinox in the southern.
• World Citizen Day occurs on the March equinox.[5]
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• In Annapolis, Maryland, USA, boatyard employees and sailboat owners celebrate the spring equinox with the
Burning Of The Socks festival. Traditionally, the boating community wears socks only during the winter. These
are burned at the approach of warmer weather, which brings more customers and work to the area. Officially,
nobody then wears socks until the next equinox.[6]

• Kerala, a state of India celebrates the celestial vernal equinox as their New year around April 14. It is known as
'Vishu' meaning equal in Sanskrit.

• Earth Day was initially celebrated on March 21, 1970, the equinox day. It is currently celebrated in various
countries on April 22.

Autumnal equinox commemorations
• The September equinox marks the first day of Mehr or Libra in the Persian calendar. It is one of the Iranian

festivals called Jashne Mihragan, or the festival of sharing or love in Zoroastrianism.
• In Korea, Chuseok is a major harvest festival and a three-day holiday celebrated around the Autumn Equinox.
• The Mid-Autumn Festival is celebrated on the 15th day of the 8th lunar month, oftentimes near the autumnal

equinox day, and is an official holiday in China and in many countries with a significant Chinese minority. As the
lunar calendar is not synchronous with the Gregorian calendar, this date could be anywhere from mid-September
to early October.

• The traditional harvest festival in the United Kingdom was celebrated on the Sunday of the full moon closest to
the September equinox.

Modern innovations:

• The September equinox was "New Year's Day" in the French Republican Calendar, which was in use from 1793
to 1805. The French First Republic was proclaimed and the French monarchy was abolished on September 21,
1792, making the following day (the equinox day that year) the first day of the "Republican Era" in France. The
start of every year was to be determined by astronomical calculation, (that is: following the real Sun and not the
mean Sun as all other calendars).

Myths, fables and facts
• One effect of equinoctial periods is the temporary disruption of communications satellites. For all geostationary

satellites, there are a few days near the equinox when the sun goes directly behind the satellite relative to Earth
(i.e. within the beamwidth of the groundstation antenna) for a short period each day. The Sun's immense power
and broad radiation spectrum overload the Earth station's reception circuits with noise and, depending on antenna
size and other factors, temporarily disrupt or degrade the circuit. The duration of those effects varies but can range
from a few minutes to an hour. (For a given frequency band, a larger antenna has a narrower beamwidth, hence
experiences shorter duration "Sun outage" windows).

• A modern urban legend claims that on the March equinox day (some may also include the September equinox day
rather than leaving it out), one can balance an egg on its point.[7] [8] However, one can balance an egg on its point
any day of the year...if one has enough patience.[9]

• Although the word equinox is often understood to mean "equal [day and] night," as is noted elsewhere, this is not
strictly true. For most locations on earth, there are two distinct identifiable days per year when the length of day
and night are closest to being equal; those days are commonly referred to as the "equiluxes" to distinguish them
from the equinoxes. Equinoxes are points in time, but equiluxes are days. By convention, equiluxes are the days
where sunrise and sunset are closest to being exactly 12 hours apart. This way, you can refer to a single date as
being the equilux, when in reality, it spans from sunset on one day to sunset the next, sunrise on one to sunrise the
next or midday on one day to midday on the next.

• What is true about the equinoxes is that two observers at the same distance north and south of the equator will
experience nights of equal length.
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• The equilux counts times when some direct sunlight could be visible, rather than all hours of usable daylight
(which is any time when there is enough natural light to do outdoor activities without needing artificial light).
This is due to twilight; a particular type of twilight which is officially defined as civil twilight. This amount of
twilight can result in more than 12 hours of usable daylight up to a few weeks before the spring equinox, and up
to a few weeks after the fall equinox.

• In a contrary vein, the daylight which is useful for illuminating houses and buildings during the daytime and is
needed to produce the full psychological benefit of daylight, is shorter than the nominal time between sunrise and
sunset. So in that sense, "useful" daylight is present for 12 hours only after the vernal equinox and before the
autumnal equinox, because the intensity of light near sunrise and sunset, even with the sun slightly above the
horizon, is considerably less than when the sun is high in the sky.

• It is perhaps valuable for people in the Americas and Asia to know that the equinoxes listed as occurring on
March 21, which occurred frequently in the 20th century and which will occur occasionally in the 21st century,
are presented as such using UTC, which is at least four hours in advance of any clock in the Americas and as
much as twelve hours behind Asian clocks. Thus, there will be no spring equinox later than March 20 in the
Americas in the coming century.

External links
• Details about the Length of Day and Night at the Equinoxes [10]

• Calculation of Length of Day [10] (Formulas and Graphs)
• Equinoctial Points [11] — The Nuttall Encyclopædia
• Table of times for Equinoxes, Solstices, Perihelion and Aphelion in 2000-2020 [12]

• Blessing the Sun in Jewish Custom [13]

• Table of times of Spring Equinox for a thousand years: 1452-2547 [14]

• A forum community called "Equinox" [15]

• "Ancient Equinox Alignment [16]". Loughcrew, Ireland.
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Horizon

A water horizon, in northern Wisconsin, USA.

View of Earth's horizon as seen from Space
Shuttle Endeavour, 2002.

Water horizon (Computer graphics)

The horizon (Ancient Greek ὁ ὁρίζων, /ho horídzôn/, from ὁρίζειν, "to
limit") is the apparent line that separates earth from sky.

It is the line that divides all visible directions into two categories: those
that intersect the Earth's surface, and those that do not. At many
locations, the true horizon is obscured by trees, buildings, mountains,
etc., and the resulting intersection of earth and sky is called the visible
horizon. When looking at a sea from a shore, the part of the sea closest
to the horizon is called the offing.

Appearance and usage

Historically, the distance to the visible horizon at sea has been
extremely important as it represented the maximum range of
communication and vision before the development of the radio and the
telegraph. Even today, when flying an aircraft under Visual Flight
Rules, a technique called attitude flying is used to control the aircraft,
where the pilot uses the visual relationship between the aircraft's nose
and the horizon to control the aircraft. A pilot can also retain his or her
spatial orientation by referring to the horizon.

In many contexts, especially perspective drawing, the curvature of the
earth is typically disregarded and the horizon is considered the
theoretical line to which points on any horizontal plane converge
(when projected onto the picture plane) as their distance from the
observer increases. For observers near the ground the difference
between this geometrical horizon (which assumes a perfectly flat,
infinite ground plane) and the true horizon (which assumes a spherical
Earth surface) is typically imperceptibly small.

In astronomy the horizon is the horizontal plane through (the eyes of)
the observer. It is the fundamental plane of the horizontal coordinate
system, the locus of points that have an altitude of zero degrees. While
similar in ways to the geometrical horizon, in this context a horizon
may be considered to be a plane in space, rather than a line on a picture plane.
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Distance to the horizon

Three types of horizon.

Approximate formulas

In SI units, the straight line of sight distance
d in kilometers to the true horizon on earth
is approximately

where h is the height above ground or sea
level (in meters) of the eye of the observer.
Examples:

• For an observer standing on the ground
with h = 1.70 metres (5 ft 7 in) (average
eye-level height), the horizon is at a
distance of 4.7 kilometres (2.9 mi).

• For an observer standing on a hill or
tower of 100 metres (330 ft) in height,
the horizon is at a distance of
36 kilometres (22 mi).

For Imperial units, 13 is replaced by 1.5, h is
in feet and d is in miles. Thus:

Examples:
• For observers on the ground with

eye-level at h = 5 ft 7 in (5.583 ft), the
horizon is at a distance of 2.89 miles
(4.65 km).

• For observers standing on a hill or tower
100 feet (30 m) in height, the horizon is
at a distance of 12.25 miles (19.71 km).

These formulas may be used when h is
much smaller than the radius of the Earth (6371 km), including all views from any mountaintops, airplanes, or
high-altitude balloons. With the constants as given, both the metric and imperial formulas are precise to within 1 pc
(see next section for how to derive formulas of greater precision).

More exact formula
A more exact formula for distance from the viewpoint to the horizon, applicable even for satellites, is

where R is the radius of the Earth (R and h must be in the same units). This formula follows directly from the
Pythagorean Theorem (a right triangle can be drawn with vertices at the center of the Earth, your eyes, and the point
on the horizon. If h is in meters, and R is about 6378 km, then the distance in kilometers will be
approximately .

This formula is not exact since it assumes a constant earth radius.
Another relationship involves the arc length distance s along the curved surface of the Earth to the bottom of object:
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Solving for s gives the formula

The distances d and s are nearly the same when the height of the object is negligible compared to the radius (that is,
h<<R).

Geometrical horizon distance

Optical adjustments and objects
above the horizon

To compute the height of an object visible
above the horizon, compute the
distance-to-horizon for a hypothetical
observer on top of that object, and add it to
the real observer's distance-to-horizon. For
example, standing on the ground with h =
1.70 m, the horizon is 4.65 km away. For a
tower with a height of 100 m, the horizon
distance is 35.7 km. Thus an observer on a
beach can see the tower as long as it is not
more than 40.35 km away. Conversely, if an observer on a boat (h = 1.7 m) can just see the tops of trees on a nearby
shore (h = 10 m), they are probably about 16 km away.

Note that the actual visual horizon is slightly farther away than the calculated visual horizon, due to the atmospheric
refraction of light rays. This effect can be taken into account by using a "virtual radius" that is typically about 20%
larger than the true radius of the Earth.

Curvature of the horizon
From a point above the surface the horizon appears slightly bent. There is a basic geometrical relationship between
this visual curvature , the altitude and the Earth's radius. It is

The curvature is the reciprocal of the curvature angular radius in radians. A curvature of 1 appears as a circle of an
angular radius of 45° corresponding to an altitude of approximately 2640 km above the Earth's surface. At an altitude
of 10 km (33,000 ft, the typical cruising altitude of an airliner) the mathematical curvature of the horizon is about
0.056, the same curvature of the rim of circle with a radius of 10 m that is viewed from 56 cm. However, the
apparent curvature is less than that due to refraction of light in the atmosphere and because the horizon is often
masked by high cloud layers that reduce the altitude above the visual surface.
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See also
• Dawn: the time right before sunrise
• Dusk: the time right after sunset, yielding to twilight
• Landscape
• Landscape art
• Aerial landscape art
• Sextant
• Atmospheric refraction

External links
• Derivation of the distance to the horizon [1]

References
[1] http:/ / www. sque. co. uk/ physics/ horizon/

Latitude
Latitude, usually denoted by the Greek letter phi (φ) gives the location of a place on Earth (or other planetary body)
north or south of the equator. Lines of Latitude are the imaginary horizontal lines shown running east-to-west (or
west to east) on maps (particularly so in the Mercator projection) that run either north or south of the equator.
Technically, latitude is an angular measurement in degrees (marked with °) ranging from 0° at the equator (low
latitude) to 90° at the poles (90° N or +90° for the North Pole and 90° S or −90° for the South Pole). The latitude is
approximately the angle between straight up at the surface (the zenith) and the sun at an equinox. The
complementary angle of a latitude is called the colatitude.

Map of Earth

Longitude (λ)

Lines of longitude appear vertical with varying curvature in this projection; but are actually halves of great ellipses, with identical radii at a given
latitude.

Latitude (φ)

Lines of latitude appear horizontal with varying curvature in this projection; but are actually circular with different radii. All locations with a given
latitude are collectively referred to as a circle of latitude.

The equator divides the planet into a Northern Hemisphere, a Southern
Hemisphere and has a latitude of 0°.
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Circles of latitude
All locations of a given latitude are collectively referred to as a circle of latitude or line of latitude or parallel,
because they are coplanar, and all such planes are parallel to the equator. Lines of latitude other than the Equator are
approximately small circles on the surface of the Earth; they are not geodesics since the shortest route between two
points at the same latitude involves a path that bulges toward the nearest pole, first moving farther away from and
then back toward the equator (see great circle).

Sign in northern Vermont.

A specific latitude may then be combined
with a specific longitude to give a precise
position on the Earth's surface (see satellite
navigation system).

Important named circles of
latitude

Besides the equator, four other lines of
latitude are named because of the role they
play in the geometrical relationship with the
Earth and the Sun:
• Arctic Circle: 66° 33′ 39″ N
• Tropic of Cancer: 23° 26′ 21″ N
• Equator: 0° Latitude
• Tropic of Capricorn: 23° 26′ 21″ S
• Antarctic Circle: 66° 33′ 39″ S
Only at latitudes between the Tropics is it possible for the sun to be at the zenith. Only north of the Arctic Circle or
south of the Antarctic Circle is the midnight sun possible.

The reason that these lines have the values that they do lies in the axial tilt of the Earth with respect to the sun, which
is 23° 26′ 21.41″.
Note that the Arctic Circle and Tropic of Cancer are colatitudes, since the sum of their angles is 90°—similarly for
the Antarctic Circle and Tropic of Capricorn.

Subdivisions
A degree is divided into 60 minutes. One minute can be further divided into 60 seconds. An example of a latitude
specified in this way is 13°19'43″ N (for greater precision, a decimal fraction can be added to the seconds). An
alternative representation uses only degrees and minutes, where the seconds are expressed as a decimal fraction of
minutes: the above example would be expressed as 13°19.717' N. Degrees can also be expressed singularly, with
both the minutes and seconds incorporated as a decimal number and rounded as desired (decimal degree notation):
13.32861° N. Sometimes, the north/south suffix is replaced by a negative sign for south (−90° for the South Pole).
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Effect of latitude

Average temperatures vary strongly with latitude.

A region's latitude has a great effect on its climate and weather (see
Effect of sun angle on climate). Latitude more loosely determines
tendencies in polar auroras, prevailing winds, and other physical
characteristics of geographic locations.

Researchers at Harvard's Center for International Development (CID)
found in 2001 that only three tropical economies — Hong Kong,
Singapore, and Taiwan — were classified as high-income by the
World Bank, while all countries within regions zoned as temperate had
either middle- or high-income economies. [1] The validity of the
Harvard report may be questioned because a different threshold is used
for the tropical regions and the World Bank list fails to include Qatar's,
United Arab Emirates', and Kuwait's economies. Further, countries such as Brazil have far better incomes than much
of the Former Soviet Union and Iron Curtain states.

Elliptic parameters
Because most planets (including Earth) are ellipsoids of revolution, or spheroids, rather than spheres, both the radius
and the length of arc varies with latitude. This variation requires the introduction of elliptic parameters based on an

ellipse's angular eccentricity, (which equals , where and are the equatorial radius

(6378137.0 m for Earth) and the polar radius (6356752.3142 m for Earth), respectively; is the first

eccentricity squared, ; and or is the flattening, ). Utilized in creating the

integrands for curvature is the inverse of the principal elliptic integrand, :

Degree length
On Earth, the length of an arcdegree of north–south latitude difference, , is about 60 nautical miles, 111
kilometres or 69 statute miles at any latitude. The length of an arcdegree of east-west longitude difference, 
, is about the same at the equator as the north-south, reducing to zero at the poles.
In the case of a spheroid, a meridian and its anti-meridian form an ellipse, from which an exact expression for the
length of an arcdegree of latitude difference is:

This radius of arc (or "arcradius") is in the plane of a meridian, and is known as the meridional radius of curvature,
.[2] [3]

Similarly, an exact expression for the length of an arcdegree of longitude difference is:
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The arcradius contained here is in the plane of the prime vertical, the east-west plane perpendicular (or "normal") to
both the plane of the meridian and the plane tangent to the surface of the ellipsoid, and is known as the normal
radius of curvature, .[2] [3]

Along the equator (east-west), equals the equatorial radius. The radius of curvature at a right angle to the equator
(north-south), , is 43 km shorter, hence the length of an arcdegree of latitude difference at the equator is about
1 km less than the length of an arcdegree of longitude difference at the equator. The radii of curvature are equal at
the poles where they are about 64 km greater than the north-south equatorial radius of curvature because the polar
radius is 21 km less than the equatorial radius. The shorter polar radii indicate that the northern and southern
hemispheres are flatter, making their radii of curvature longer. This flattening also 'pinches' the north-south
equatorial radius of curvature, making it 43 km less than the equatorial radius. Both radii of curvature are
perpendicular to the plane tangent to the surface of the ellipsoid at all latitudes, directed toward a point on the polar
axis in the opposite hemisphere (except at the equator where both point toward Earth's center). The east-west radius
of curvature reaches the axis, whereas the north-south radius of curvature is shorter at all latitudes except the poles.
The WGS84 ellipsoid, used by all GPS devices, uses an equatorial radius of 6378137.0 m and an inverse flattening,
(1/f), of 298.257223563, hence its polar radius is 6356752.3142 m and its first eccentricity squared is
0.00669437999014.[4] The more recent but little used IERS 2003 ellipsoid provides equatorial and polar radii of
6378136.6 and 6356751.9 m, respectively, and an inverse flattening of 298.25642.[5] Lengths of degrees on the
WGS84 and IERS 2003 ellipsoids are the same when rounded to six significant digits. An appropriate calculator for
any latitude is provided by the U.S. government's National Geospatial-Intelligence Agency (NGA).[6]

Latitude N-S radius
of

curvature

Surface
distance

per 1° change
in latitude

E-W radius
of

curvature

Surface
distance

per 1° change
in longitude

0° 6335.44 km 110.574 km 6378.14 km 111.320 km

15° 6339.70 km 110.649 km 6379.57 km 107.551 km

30° 6351.38 km 110.852 km 6383.48 km 96.486 km

45° 6367.38 km 111.132 km 6388.84 km 78.847 km

60° 6383.45 km 111.412 km 6394.21 km 55.800 km

75° 6395.26 km 111.618 km 6398.15 km 28.902 km

90° 6399.59 km 111.694 km 6399.59 km 0.000 km

Types of latitude
With a spheroid that is slightly flattened by its rotation, cartographers refer to a variety of auxiliary latitudes to
precisely adapt spherical projections according to their purpose.
For planets other than Earth, such as Mars, geographic and geocentric latitude are called "planetographic" and
"planetocentric" latitude, respectively. Most maps of Mars since 2002 use planetocentric coordinates.

Common "latitude"

In common usage, "latitude" refers to geodetic or geographic latitude and is the angle between the equatorial
plane and a line that is normal to the reference ellipsoid, which approximates the shape of Earth to account for
flattening of the poles and bulging of the equator. This value usually differs from the geocentric latitude.
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The expressions following assume elliptical polar sections and that all sections parallel to the equatorial plane are
circular. Geographic latitude (with longitude) then provides a Gauss map. As defined earlier in this article, is the
angular eccentricity of a meridian.

Reduced latitude

• On a spheroid, lines of reduced or parametric latitude, , form circles whose radii are the same as the radii of
circles formed by the corresponding lines of latitude on a sphere with radius equal to the equatorial radius of the
spheroid.

Authalic latitude

• Authalic latitude, , gives an area-preserving transform to the sphere.

Rectifying latitude
• Rectifying latitude, , is the surface distance from the equator, scaled so the pole is 90°, but involves elliptic

integration:

Conformal latitude
• Conformal latitude, , gives an angle-preserving (conformal) transform to the sphere.
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Geocentric latitude

• The geocentric latitude, , is the angle between the equatorial plane and a line from the center of Earth.

It is the size of the central angle between the equator and the point of interest, as measured along a meridian.
This value usually differs from the geographic latitude, as so:

Illustration of geographic and geocentric latitudes.

Astronomical latitude
A more obscure measure of latitude is the astronomical latitude, which is the angle between the equatorial plane
and the normal to the geoid (ie a plumb line). It originated as the angle between horizon and pole star. It differs from
the geodetic latitude only slightly, due to the slight deviations of the geoid from the reference ellipsoid.
Astronomical latitude is not to be confused with declination, the coordinate astronomers use to describe the locations
of stars north/south of the celestial equator (see equatorial coordinates), nor with ecliptic latitude, the coordinate that
astronomers use to describe the locations of stars north/south of the ecliptic (see ecliptic coordinates).

Palaeolatitude
Continents move over time, due to continental drift, taking whatever fossils and other features of interest they may
have with them. Particularly when discussing fossils, it's often more useful to know where the fossil was when it was
laid down, than where it is when it was dug up: this is called the palæolatitude of the fossil. The Palæolatitude can be
constrained by palæomagnetic data. If tiny magnetisable grains are present when the rock is being formed, these will
align themselves with Earth's magnetic field like compass needles. A magnetometer can deduce the orientation of
these grains by subjecting a sample to a magnetic field, and the magnetic declination of the grains can be used to
infer the latitude of deposition.

Comparison of selected types
The following plot shows the differences between the types of latitude. The data used are found in the table
following the plot. Please note that the values in the table are in minutes, not degrees, and the plot reflects this as
well. Also observe that the conformal symbols are hidden behind the geocentric due to being very close in value.
Finally it is important to mention also that these differences don't mean that the use of one specific latitude will
necessarily cause more distortions than the other (the real fact is that each latitude type is optimized for achieving a
different goal).
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Approximate difference from geographic latitude ("Lat")

Lat Reduced Authalic Rectifying Conformal Geocentric

0° 0.00′ 0.00′ 0.00′ 0.00′ 0.00′

5° 1.01′ 1.35′ 1.52′ 2.02′ 2.02′

10° 1.99′ 2.66′ 2.99′ 3.98′ 3.98′

15° 2.91′ 3.89′ 4.37′ 5.82′ 5.82′

20° 3.75′ 5.00′ 5.62′ 7.48′ 7.48′

25° 4.47′ 5.96′ 6.70′ 8.92′ 8.92′

30° 5.05′ 6.73′ 7.57′ 10.09′ 10.09′

35° 5.48′ 7.31′ 8.22′ 10.95′ 10.96′

40° 5.75′ 7.66′ 8.62′ 11.48′ 11.49′

45° 5.84′ 7.78′ 8.76′ 11.67′ 11.67′

50° 5.75′ 7.67′ 8.63′ 11.50′ 11.50′

55° 5.49′ 7.32′ 8.23′ 10.97′ 10.98′

60° 5.06′ 6.75′ 7.59′ 10.12′ 10.13′

65° 4.48′ 5.97′ 6.72′ 8.95′ 8.96′

70° 3.76′ 5.01′ 5.64′ 7.52′ 7.52′

75° 2.92′ 3.90′ 4.39′ 5.85′ 5.85′

80° 2.00′ 2.67′ 3.00′ 4.00′ 4.01′

85° 1.02′ 1.35′ 1.52′ 2.03′ 2.03′

90° 0.00′ 0.00′ 0.00′ 0.00′ 0.00′
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Corrections for altitude

Line IH is normal to the spheroid representing the Earth (colored
orange) at point H. The angle it forms with the equator (represented by

line CA) corresponds to the point's geodetic latitude.

When converting from geodetic ("common") latitude
to other types of latitude, corrections must be made
for altitude for systems which do not measure the
angle from the normal of the spheroid. For example,
in the figure at right, point H (located on the surface
of the spheroid) and point H' (located at some greater
elevation) have different geocentric latitudes (angles β
and γ respectively), even though they share the same
geodetic latitude (angle α). Note that the flatness of
the spheroid and elevation of point H' in the image is
significantly greater than what is found on the Earth,
exaggerating the errors inherent in such calculations if
left uncorrected. Note also that the reference ellipsoid
used in the geodetic system is itself just an
approximation of the true geoid, and therefore
introduces its own errors, though the differences are
less severe. (See Astronomical latitude, above.)

See also

• American Practical Navigator
• Cardinal direction
• Geographic coordinate system
• Geodetic system
• Geodesy
• Geographical distance
• Geotagging
• Great-circle distance
• Horse latitudes
• List of cities by latitude
• List of cities by longitude
• Longitude
• Natural Area Code
• Navigation
• World Geodetic System
• Orders of magnitude (length)
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External links
• libproj4: A Comprehensive Library of Cartographic Projection Functions (Preliminary Draft) [7]PDF (2.18 MB)
• Free GeoCoder [8]

• GEONets Names Server [9], access to the National Geospatial-Intelligence Agency's (NGA) database of foreign
geographic feature names.

• Look-up Latitude and Longitude [10]

• Resources for determining your latitude and longitude [11]

• Convert decimal degrees into degrees, minutes, seconds [12] - Info about decimal to sexagesimal conversion
• Convert decimal degrees into degrees, minutes, seconds [13]

• Latitude and longitude converter [14] – Convert latitude and longitude from degree, decimal form to degree,
minutes, seconds form and vice versa. Also included a farthest point and a distance calculator.

• Worldwide Index - Tageo.com [15] – contains 2,700,000 coordinates of places including US towns
• for each city it gives the satellite map location, country, province, coordinates (dd,dms), variant names and

nearby places.
• Distance calculation based on latitude and longitude [16] - JavaScript version
• Zoomable version of the map [17]PDF (3.47 MB)
• Average Latitude & Longitude of Countries [18]

• Get the latitude and longitude of any place in the World [19]

• Latitude / Longitude Converter [20] – convert latitude / longitude between DMS and decimal formats.
• Determination of Latitude by Francis Drake on the Coast of California in 1579 [21]

• Length Of A Degree Of Latitude and Longitude Calculator [22] - for any latitude, calculates 1 degree in meters,
feet, and miles

References
[1] Location, Location, Location. The relationship of climate to, and the effect of disease and agricultural productivity on, the economic success

of a city or region. (http:/ / earthobservatory. nasa. gov/ Study/ Location/ )
[2] The Math Forum (http:/ / mathforum. org/ library/ drmath/ view/ 61089. html)
[3] John P. Snyder, Map Projections: A Working Manual (http:/ / pubs. er. usgs. gov/ usgspubs/ pp/ pp1395) (1987) 24-25
[4] NIMA TR8350.2 (http:/ / earth-info. nga. mil/ GandG/ publications/ tr8350. 2/ tr8350_2. html) page 3-1.
[5] IERS Conventions (2003) (http:/ / www. iers. org/ MainDisp. csl?pid=46-25776) (Chp. 1, page 12)
[6] Length of degree calculator - National Geospatial-Intelligence Agency (http:/ / www. nga. mil/ MSISiteContent/ StaticFiles/ Calculators/

degree. html)
[7] http:/ / members. verizon. net/ ~vze2hc4d/ proj4/ manual. pdf
[8] http:/ / www. infosports. com/ m/ map. htm
[9] http:/ / earth-info. nga. mil/ gns/ html/
[10] http:/ / www. bcca. org/ misc/ qiblih/ latlong. html
[11] http:/ / jan. ucc. nau. edu/ ~cvm/ latlon_find_location. html
[12] http:/ / geography. about. com/ library/ howto/ htdegrees. htm
[13] http:/ / www. fcc. gov/ mb/ audio/ bickel/ DDDMMSS-decimal. html
[14] http:/ / joehohk. 0fees. net/ Location. htm
[15] http:/ / www. tageo. com/
[16] http:/ / www. marinewaypoints. com/ learn/ greatcircle. shtml
[17] https:/ / www. cia. gov/ library/ publications/ the-world-factbook/ reference_maps/ pdf/ political_world. pdf
[18] http:/ / www. mobilgistix. com/ Resources/ GIS/ Locations/ average-latitude-longitude-countries. aspx
[19] http:/ / www. mundivideo. com/ coordinates. htm
[20] http:/ / www. apsalin. com/ geo-coordinate-conversion-dms-decimal. aspx
[21] http:/ / www. longcamp. com/ nav. html
[22] http:/ / www. csgnetwork. com/ degreelenllavcalc. html

http://members.verizon.net/~vze2hc4d/proj4/manual.pdf
http://www.infosports.com/m/map.htm
http://earth-info.nga.mil/gns/html/
http://en.wikipedia.org/w/index.php?title=National_Geospatial-Intelligence_Agency
http://www.bcca.org/misc/qiblih/latlong.html
http://jan.ucc.nau.edu/~cvm/latlon_find_location.html
http://geography.about.com/library/howto/htdegrees.htm
http://en.wikipedia.org/w/index.php?title=Sexagesimal
http://www.fcc.gov/mb/audio/bickel/DDDMMSS-decimal.html
http://joehohk.0fees.net/Location.htm
http://www.tageo.com/
http://www.marinewaypoints.com/learn/greatcircle.shtml
https://www.cia.gov/library/publications/the-world-factbook/reference_maps/pdf/political_world.pdf
http://www.mobilgistix.com/Resources/GIS/Locations/average-latitude-longitude-countries.aspx
http://www.mundivideo.com/coordinates.htm
http://www.apsalin.com/geo-coordinate-conversion-dms-decimal.aspx
http://www.longcamp.com/nav.html
http://www.csgnetwork.com/degreelenllavcalc.html
http://earthobservatory.nasa.gov/Study/Location/
http://mathforum.org/library/drmath/view/61089.html
http://pubs.er.usgs.gov/usgspubs/pp/pp1395
http://earth-info.nga.mil/GandG/publications/tr8350.2/tr8350_2.html
http://www.iers.org/MainDisp.csl?pid=46-25776
http://www.nga.mil/MSISiteContent/StaticFiles/Calculators/degree.html
http://www.nga.mil/MSISiteContent/StaticFiles/Calculators/degree.html
http://members.verizon.net/~vze2hc4d/proj4/manual.pdf
http://www.infosports.com/m/map.htm
http://earth-info.nga.mil/gns/html/
http://www.bcca.org/misc/qiblih/latlong.html
http://jan.ucc.nau.edu/~cvm/latlon_find_location.html
http://geography.about.com/library/howto/htdegrees.htm
http://www.fcc.gov/mb/audio/bickel/DDDMMSS-decimal.html
http://joehohk.0fees.net/Location.htm
http://www.tageo.com/
http://www.marinewaypoints.com/learn/greatcircle.shtml
https://www.cia.gov/library/publications/the-world-factbook/reference_maps/pdf/political_world.pdf
http://www.mobilgistix.com/Resources/GIS/Locations/average-latitude-longitude-countries.aspx
http://www.mundivideo.com/coordinates.htm
http://www.apsalin.com/geo-coordinate-conversion-dms-decimal.aspx
http://www.longcamp.com/nav.html
http://www.csgnetwork.com/degreelenllavcalc.html


Mars 67

Mars

 Mars   

Mars as seen by the Hubble Space Telescope

Designations

Pronunciation English pronunciation: /ˈmɑrz/

Adjective Martian

Orbital characteristics[1]

Epoch J2000

Aphelion 249,209,300 km
1.665 861 AU

Perihelion 206,669,000 km
1.381 497 AU

Semi-major axis 227,939,100 km
1.523 679 AU

Eccentricity 0.093 315

Orbital period 686.971 day
1.8808 Julian years
668.5991 sols

Synodic period 779.96 day
2.135 Julian years

Average orbital speed 24.077 km/s

Inclination 1.850° to ecliptic
5.65° to Sun's equator
1.67° to invariable plane[2]

Longitude of ascending node 49.562°

Argument of perihelion 286.537°

Satellites 2

Physical characteristics

Equatorial radius 3,396.2 ± 0.1 km[a][3]

0.533 Earths
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Polar radius 3,376.2 ± 0.1 km[a][3]

0.531 Earths

Flattening 0.005 89 ± 0.000 15

Surface area 144,798,500 km²
0.284 Earths

Volume 1.6318 × 1011 km³
0.151 Earths

Mass 6.4185 × 1023 kg
0.107 Earths

Mean density 3.934 g/cm³

Equatorial surface gravity 3.69 m/s²
0.376 g

Escape velocity 5.027 km/s

Sidereal rotation
period

1.025 957 day
24.622 96 h[4]

Equatorial rotation velocity 868.22 km/h (241.17 m/s)

Axial tilt 25.19°

North pole right ascension 21 h 10 min 44 s
317.681 43°

North pole declination 52.886 50°

Albedo 0.15 (geometric) or 0.25 (bond)[5]

Surface temp.
   Kelvin
   Celsius

min mean max

186 K 227 K 268 K[4]

−87 °C −46 °C −5 °C

Apparent magnitude +1.8 to −2.91[5]

Angular diameter 3.5—25.1"[5]

Atmosphere

Surface pressure 0.6–1.0 kPa

Composition 95.72% Carbon dioxide
2.7% Nitrogen
1.6% Argon
0.2% Oxygen
0.07% Carbon monoxide
0.03% Water vapor
0.01% Nitric oxide
2.5 ppm Neon
300 ppb Krypton
130 ppb Formaldehyde
80 ppb Xenon
30 ppb Ozone
10 ppb Methane
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Mars is the fourth planet from the Sun in the Solar System. The planet is named after Mars, the Roman god of war.
It is also referred to as the "Red Planet" because of its reddish appearance, due to iron oxide prevalent on its surface.
Mars is a terrestrial planet with a thin atmosphere, having surface features reminiscent both of the impact craters of
the Moon and the volcanoes, valleys, deserts and polar ice caps of Earth. It is the site of Olympus Mons, the highest
known mountain in the Solar System, and of Valles Marineris, the largest canyon. Furthermore, in June 2008 three
articles published in Nature presented evidence of an enormous impact crater in Mars's northern hemisphere,
10,600 km long by 8,500 km wide, or roughly four times larger than the largest impact crater yet discovered, the
Moon's South Pole-Aitken basin.[1] [2] In addition to its geographical features, Mars’ rotational period and seasonal
cycles are likewise similar to those of Earth.
Until the first flyby of Mars by Mariner 4 in 1965, many speculated that there might be liquid water on the planet's
surface. This was based on observations of periodic variations in light and dark patches, particularly in the polar
latitudes, which looked like seas and continents, while long, dark striations were interpreted by some observers as
irrigation channels for liquid water. These straight line features were later proven not to exist and were instead
explained as optical illusions. Still, of all the planets in the Solar System other than Earth, Mars is the most likely to
harbor liquid water, and perhaps life.[3] Radar data from Mars Express and the Mars Reconnaissance Orbiter have
revealed the presence of large quantities of water ice both at the poles (July 2005)[4] and at mid-latitudes (November
2008).[5] The Phoenix Mars Lander directly sampled water ice in shallow martian soil on July 31, 2008.[6]

Mars is currently host to three functional orbiting spacecraft: Mars Odyssey, Mars Express, and the Mars
Reconnaissance Orbiter. With the exception of Earth, this is more than any planet in the Solar System. The surface
is also home to the two Mars Exploration Rovers (Spirit and Opportunity) and several inert landers and rovers, both
successful and unsuccessful. The Phoenix lander recently completed its mission on the surface. Geological evidence
gathered by these and preceding missions suggests that Mars previously had large-scale water coverage, while
observations also indicate that small geyser-like water flows have occurred during the past decade.[7] Observations
by NASA's Mars Global Surveyor show evidence that parts of the southern polar ice cap have been receding.[8]

Mars has two moons, Phobos and Deimos, which are small and irregularly shaped. These may be captured asteroids,
similar to 5261 Eureka, a Martian Trojan asteroid. Mars can be seen from Earth with the naked eye. Its apparent
magnitude reaches −2.9,[5] a brightness surpassed only by Venus, the Moon, and the Sun, although most of the time
Jupiter will appear brighter to the naked eye than Mars. Mars has an average opposition distance of 78 million km
but can come as close as 55.7 million km during a close approach, such as occurred in 2003.[5]

Physical characteristics

Size comparison of Earth and Mars.

Mars has approximately half the radius of Earth. It is less dense than
Earth, having about 15% of Earth's volume and 11% of the mass. Its
surface area is only slightly less than the total area of Earth's dry
land.[5] While Mars is larger and more massive than Mercury, Mercury
has a higher density. This results in a slightly stronger gravitational
force at Mercury's surface. Mars is also roughly intermediate in size,
mass, and surface gravity between Earth and Earth's Moon (the Moon
is about half the diameter of Mars, whereas Earth is twice; the Earth is
about ten times more massive than Mars, and the Moon ten times less

massive). The red-orange appearance of the Martian surface is caused by iron(III) oxide, more commonly known as
hematite, or rust.[9]
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Geology

Volcanic plateaus (red) and impact basins (blue)
dominate this topographic map of Mars.

Rock strewn surface imaged by Mars Pathfinder

Based on orbital observations and the examination of the Martian
meteorite collection, the surface of Mars appears to be composed
primarily of basalt. Some evidence suggests that a portion of the
Martian surface is more silica-rich than typical basalt, and may be
similar to andesitic rocks on Earth; however, these observations may
also be explained by silica glass. Much of the surface is deeply covered
by finely grained iron(III) oxide dust.[10] [11]

Although Mars has no evidence of structured global magnetic field,[12]

observations show that parts of the planet's crust have been magnetized
and that alternating polarity reversals of its dipole field have occurred.
This paleomagnetism of magnetically susceptible minerals has
properties that are very similar to the alternating bands found on the
ocean floors of Earth. One theory, published in 1999 and re-examined
in October 2005 (with the help of the Mars Global Surveyor), is that
these bands demonstrate plate tectonics on Mars 4 billion years ago,
before the planetary dynamo ceased to function and caused the planet's
magnetic field to fade away.[13]

Current models of the planet's interior imply a core region about
1,480 kilometres in radius, consisting primarily of iron with about
14–17% sulfur. This iron sulfide core is partially fluid, and has twice
the concentration of the lighter elements than exist at Earth's core. The
core is surrounded by a silicate mantle that formed many of the
tectonic and volcanic features on the planet, but now appears to be
inactive. The average thickness of the planet's crust is about 50 km,
with a maximum thickness of 125 km.[14] Earth's crust, averaging
40 km, is only a third as thick as Mars’ crust relative to the sizes of the
two planets.

The geological history of Mars can be split into many epochs, but the following are the three main ones:
• Noachian epoch (named after Noachis Terra): Formation of the oldest extant surfaces of Mars, 3.8 billion years

ago to 3.5 billion years ago. Noachian age surfaces are scarred by many large impact craters. The Tharsis bulge
volcanic upland is thought to have formed during this period, with extensive flooding by liquid water late in the
epoch.

• Hesperian epoch (named after Hesperia Planum): 3.5 billion years ago to 1.8 billion years ago. The Hesperian
epoch is marked by the formation of extensive lava plains.

• Amazonian epoch (named after Amazonis Planitia): 1.8 billion years ago to present. Amazonian regions have
few meteorite impact craters but are otherwise quite varied. Olympus Mons formed during this period along with
lava flows elsewhere on Mars.

A major geological event occurred on Mars on February 19, 2008, and was caught on camera by the Mars
Reconnaissance Orbiter. Images capturing a spectacular avalanche of materials thought to be fine grained ice, dust,
and large blocks are shown to have detached from a 700-metre high cliff. Evidence of the avalanche is present in the
dust clouds left above the cliff afterwards.[15]

Recent studies support a theory, first proposed in the 1980s, that Mars was struck by a Pluto-sized body about four
billion years ago. The event, thought to be the cause of the Martian hemispheric dichotomy, created the smooth
Borealis basin that covers 40% of the planet.[16] [17]
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Soil
In June, 2008, the Phoenix Lander returned data showing Martian soil to be slightly alkaline and containing vital
nutrients such as magnesium, sodium, potassium and chloride, all of which are necessary for living organisms to
grow. Scientists compared the soil near Mars's north pole to that of backyard gardens on Earth, and concluded that it
could be suitable for growth of plants such as asparagus.[18] However, in August, 2008, the Phoenix Lander
conducted simple chemistry experiments, mixing water from Earth with Martian soil in an attempt to test its pH, and
discovered traces of the salt perchlorate, while also confirming many scientists' theories that the Martian surface is
considerably basic, measuring at 8.3. The presence of the perchlorate, if confirmed, would make Martian soil more
exotic than previously believed.[19] Further testing is necessary to eliminate the possibility of the perchlorate
readings being caused by terrestrial sources, which may have migrated from the spacecraft either into samples or the
instrumentation.[20]

Hydrology

Photo of microscopic rock forms indicating past
signs of water, taken by Opportunity

Liquid water cannot exist on the surface of Mars with its present low
atmospheric pressure, except at the lowest elevations for short
periods[21] [22] but water ice is in no short supply, with two polar ice
caps made largely of ice.[23] In March 2007, NASA announced that the
volume of water ice in the south polar ice cap, if melted, would be
sufficient to cover the entire planetary surface to a depth of 11
metres.[24] Additionally, an ice permafrost mantle stretches down from
the pole to latitudes of about 60°.[23]

Large quantities of water are thought to be trapped underneath Mars's
thick cryosphere. Radar data from Mars Express and the Mars
Reconnaissance Orbiter have revealed the presence of large quantities
of water ice both at the poles (July 2005)[4] and at mid-latitudes
(November 2008).[5] The Phoenix Mars Lander directly sampled water
ice in shallow martian soil on July 31, 2008.[6] A large release of liquid
water is thought to have occurred when the Valles Marineris formed early in Mars's history, forming massive
outflow channels. A smaller but more recent outflow may have occurred when the Cerberus Fossae chasm opened
about 5 million years ago, leaving a supposed sea of frozen ice still visible today on the Elysium Planitia centered at
Cerberus Palus.[25] However, the morphology of this region may correspond to the ponding of lava flows, causing a
superficial morphology similar to ice flows,[26] which probably draped the terrain established by earlier massive
floods of Athabasca Valles.[27] Rough surface texture at decimetre (dm) scales, thermal inertia comparable to that of
the Gusev plains, and hydrovolcanic cones are consistent with the lava flow hypothesis.[27] Furthermore, the
stoichiometric mass fraction of water in this area to tens of centimetre depths is only ~4%,[28] easily attributable to
hydrated minerals[29] and inconsistent with the presence of near-surface ice.

More recently the high resolution Mars Orbiter Camera on the Mars Global Surveyor has taken pictures which give
much more detail about the history of liquid water on the surface of Mars. Despite the many giant flood channels and
associated tree-like network of tributaries found on Mars there are no smaller scale structures that would indicate the
origin of the flood waters. It has been suggested that weathering processes have denuded these, indicating the river
valleys are old features. Higher resolution observations from spacecraft like Mars Global Surveyor also revealed at
least a few hundred features along crater and canyon walls that appear similar to terrestrial seepage gullies. The
gullies tend to be in the highlands of the southern hemisphere and to face the Equator; all are poleward of 30°
latitude.[30] The researchers found no partially degraded (i.e. weathered) gullies and no superimposed impact craters,
indicating that these are very young features.
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In a particularly striking example (see image) two photographs, taken six years apart, show a gully on Mars with
what appears to be new deposits of sediment. Michael Meyer, the lead scientist for NASA's Mars Exploration
Program, argues that only the flow of material with a high liquid water content could produce such a debris pattern
and colouring. Whether the water results from precipitation, underground or another source remains an open
question.[31] However, alternative scenarios have been suggested, including the possibility of the deposits being
caused by carbon dioxide frost or by the movement of dust on the Martian surface.[32] [33]

Further evidence that liquid water once existed on the surface of Mars comes from the detection of specific minerals
such as hematite and goethite, both of which sometimes form in the presence of water.[34]

Nevertheless, some of the evidence believed to indicate ancient water basins and flows has been negated by higher
resolution studies taken at resolution about 30 cm by the Mars Reconnaissance Orbiter.[35]

Geysers on Mars

Artist concept showing sand-laden
jets erupt from geysers on Mars.
(Published by NASA; artist: Ron

Miller.)

The seasonal frosting and defrosting of the southern ice cap results in the
formation of spider-like radial channels carved on 1 meter thick ice by sunlight.
Then, sublimed CO2 -and probably water- increase pressure in their interior
producing geyser-like eruptions of cold fluids often mixed with dark basaltic
sand or mud.[36] [37] [38] [39] This process is rapid, observed happening in the
space of a few days, weeks or months, a growth rate rather unusual in geology —
especially for Mars.
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Dark Slope Streaks

Tharsis Tholus streak, as seen by
Hirise. It is located in the middle left
of this picture. Tharsis Tholus is just

off to the right.

The inset photo of Tharsis Tholus shows an example of a dark streak. Such
streaks are common across Mars and new ones appear frequently on steep slopes
of craters, troughs, and valleys. The streaks are dark at first and get lighter with
age. Sometimes the streaks start in a tiny area which then spreads out for
hundreds of metres. They have also been seen to travel around boulders and other
obstacles in their path. The mainstream theory is that they are dark underlying
layers of soil revealed after avalanches of bright dust, however several ideas have
been put forward to explain them, some of which involve water or even the
growth of organisms.[40]

Geography

This approximate true-color image, taken by the Mars Exploration Rover
Opportunity, shows the view of Victoria Crater from Cape Verde. It was
captured over a three-week period, from October 16 – November 6, 2006.

Although better remembered for mapping the Moon, Johann Heinrich Mädler
and Wilhelm Beer were the first "areographers". They began by establishing
once and for all that most of Mars’ surface features were permanent, and determining the planet's rotation period. In
1840, Mädler combined ten years of observations and drew the first map of Mars. Rather than giving names to the
various markings, Beer and Mädler simply designated them with letters; Meridian Bay (Sinus Meridiani) was thus
feature "a."[41]

Today, features on Mars are named from a number of sources. Large albedo features retain many of the older names,
but are often updated to reflect new knowledge of the nature of the features. For example, Nix Olympica (the snows
of Olympus) has become Olympus Mons (Mount Olympus).[42]

Mars’ equator is defined by its rotation, but the location of its Prime Meridian was specified, as was Earth's (at
Greenwich), by choice of an arbitrary point; Mädler and Beer selected a line in 1830 for their first maps of Mars.
After the spacecraft Mariner 9 provided extensive imagery of Mars in 1972, a small crater (later called Airy-0),
located in the Sinus Meridiani ("Middle Bay" or "Meridian Bay"), was chosen for the definition of 0.0° longitude to
coincide with the original selection.
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Olympus Mons, the highest
mountain in the solar system, at

27 km.

Since Mars has no oceans and hence no 'sea level', a zero-elevation surface or
mean gravity surface also had to be selected. Zero altitude is defined by the
height at which there is 610.5 Pa (6.105 mbar) of atmospheric pressure. This
pressure corresponds to the triple point of water, and is about 0.6% of the sea
level surface pressure on Earth (.006 atm).[43]

The dichotomy of Martian topography is striking: northern plains flattened by
lava flows contrast with the southern highlands, pitted and cratered by ancient
impacts. Research in 2008 has presented evidence regarding a theory proposed in
1980 postulating that, four billion years ago, the northern hemisphere of Mars
was struck by an object one-tenth to two-thirds the size of the Moon. If validated,
this would make Mars's northern hemisphere the site of an impact crater
10,600 km long by 8,500 km wide, or roughly the area of Europe, Asia, and
Australia combined, surpassing the South Pole-Aitken basin as the largest impact
crater in the Solar System.[1] [2] The surface of Mars as seen from Earth is
divided into two kinds of areas, with differing albedo. The paler plains covered
with dust and sand rich in reddish iron oxides were once thought of as Martian
'continents' and given names like Arabia Terra (land of Arabia) or Amazonis
Planitia (Amazonian plain). The dark features were thought to be seas, hence
their names Mare Erythraeum, Mare Sirenum and Aurorae Sinus. The largest
dark feature seen from Earth is Syrtis Major.[44]

The shield volcano, Olympus Mons (Mount Olympus), at 26 km is the highest known mountain in the Solar
System.[45] It is an extinct volcano in the vast upland region Tharsis, which contains several other large volcanoes.
Olympus Mons is over three times the height of Mount Everest, which in comparison stands at just over 8.8 km.

Mars is also scarred by a number of impact craters: a total of 43,000 craters with a diameter of 5 km or greater have
been found.[46] The largest confirmed of these is the Hellas impact basin, a light albedo feature clearly visible from
Earth.[47] Due to the smaller mass of Mars, the probability of an object colliding with the planet is about half that of
the Earth. However, Mars is located closer to the asteroid belt, so it has an increased chance of being struck by
materials from that source. Mars is also more likely to be struck by short-period comets, i.e., those that lie within the
orbit of Jupiter.[48] In spite of this, there are far fewer craters on Mars compared with the Moon because Mars's
atmosphere provides protection against small meteors. Some craters have a morphology that suggests the ground was
wet when the meteor impacted.
The large canyon, Valles Marineris (Latin for Mariner Valleys, also known as Agathadaemon in the old canal maps),
has a length of 4,000 km and a depth of up to 7 km. The length of Valles Marineris is equivalent to the length of
Europe and extends across one-fifth the circumference of Mars. By comparison, the Grand Canyon on Earth is only
446 km long and nearly 2 km deep. Valles Marineris was formed due to the swelling of the Tharsis area which
caused the crust in the area of Valles Marineris to collapse. Another large canyon is Ma'adim Vallis (Ma'adim is
Hebrew for Mars). It is 700 km long and again much bigger than the Grand Canyon with a width of 20 km and a
depth of 2 km in some places. It is possible that Ma'adim Vallis was flooded with liquid water in the past.[49]
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THEMIS image of cave entrances on Mars. The
pits have been informally named (A) Dena, (B)
Chloe, (C) Wendy, (D) Annie, (E) Abby (left)

and Nikki, and (F) Jeanne.

Images from the Thermal Emission Imaging System (THEMIS) aboard
NASA's Mars Odyssey orbiter have revealed seven possible cave
entrances on the flanks of the Arsia Mons volcano.[50] The caves,
named after loved ones of their discoverers, are collectively known as
the "seven sisters."[51] Cave entrances measure from 100 m to 252 m
wide and they are believed to be at least 73 m to 96 m deep. Because
light does not reach the floor of most of the caves, it is likely that they
extend much deeper than these lower estimates and widen below the
surface. "Dena" is the only exception; its floor is visible and was
measured to be 130 m deep. The interiors of these caverns may be
protected from micrometeoroids, UV radiation, solar flares and high
energy particles that bombard the planet's surface.[52]

Mars has two permanent polar ice caps: the northern one at Planum Boreum and the southern one at Planum
Australe.

During a pole's winter, it lies in continuous darkness, chilling the surface and causing 25–30% of the atmosphere to
condense out into thick slabs of CO2 ice (dry ice).[53] When the poles are again exposed to sunlight, the frozen CO2
sublimes, creating enormous winds that sweep off the poles as fast as 400 km/h. These seasonal actions transport
large amounts of dust and water vapor, giving rise to Earth-like frost and large cirrus clouds. Clouds of water-ice
were photographed by the Opportunity rover in 2004.[54]

Atmosphere

Mars's thin atmosphere, visible on the horizon in
this low-orbit photo.

Mars lost its magnetosphere 4 billion years ago, so the solar wind
interacts directly with the Martian ionosphere, keeping the atmosphere
thinner than it would otherwise be by stripping away atoms from the
outer layer. Both Mars Global Surveyor and Mars Express have
detected these ionised atmospheric particles trailing off into space
behind Mars.[55] [56] The atmosphere of Mars is now relatively thin.
Atmospheric pressure on the surface varies from around 30 Pa (0.03
kPa) on Olympus Mons to over 1,155 Pa (1.155 kPa) in the depths of
Hellas Planitia, with a mean surface level pressure of 600 Pa (0.6 kPa).
Mars's mean surface pressure equals the pressure found 35 km above
the Earth's surface. This is less than 1% of the surface pressure on
Earth (101.3 kPa). The scale height of the atmosphere, about 11 km, is
higher than Earth's (6 km) due to the lower gravity. Mars' gravity is
only about 38% of the surface gravity on Earth.

The atmosphere on Mars consists of 95% carbon dioxide, 3% nitrogen,
1.6% argon, and contains traces of oxygen and water.[5] The atmosphere is quite dusty, containing particulates about
1.5 µm in diameter which give the Martian sky a tawny color when seen from the surface.[57]
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Traces of methane plumes in Mars’ atmosphere
during northern summer – NASA

Methane

See also: Atmosphere of Mars - Methane
Methane has been detected in the Martian atmosphere with a
concentration of about 30 ppb by volume;[58] [59] it occurs in extended
plumes, and the profiles imply that the methane was released from
discrete regions. In northern midsummer, the principal plume
contained 19,000 metric tons of methane, with an estimated source
strength of 0.6 kilogram per second.[60] [61] The profiles suggest that
there may be two local source regions, the first centered near 30° N,
260° W and the second near 0°, 310° W.[60] It is estimated that Mars must produce 270 ton/year of methane.[62] [63]

[60]

The latest research suggests that the implied methane destruction lifetime is as long as about 4 Earth years and as
short as about 0.6 Earth years.[60] [64] This apparently rapid turnover would indicates a current active source of the
gas on the planet. Volcanic activity, cometary impacts, and the presence of methanogenic microbial life forms are
among possible sources. It was recently pointed out that methane could also be produced by a non-biological process
called serpentinization[b] involving water, carbon dioxide, and the mineral olivine, which is known to be common on
Mars.[65]

Climate

Mars from Hubble Space Telescope October 28,
2005 with dust storm visible.

Of all the planets, Mars's seasons are the most Earth-like, due to the
similar tilts of the two planets' rotational axes. However, the lengths of
the Martian seasons are about twice those of Earth's, as Mars’ greater
distance from the Sun leads to the Martian year being about two Earth
years in length. Martian surface temperatures vary from lows of about
−140 °C (−220 °F) during the polar winters to highs of up to 20 °C
(68 °F) in summers.[21] The wide range in temperatures is due to the
thin atmosphere which cannot store much solar heat, the low
atmospheric pressure, and the low thermal inertia of Martian soil.[66]

The planet is also 1.52 times as far from the sun as Earth, resulting in
just 43 percent of the amount of sunlight.[67]

If Mars had an Earth-like orbit, its seasons would be similar to Earth's
because its axial tilt is similar to Earth's. However, the comparatively
large eccentricity of the Martian orbit has a significant effect. Mars is
near perihelion when it is summer in the southern hemisphere and winter in the north, and near aphelion when it is
winter in the southern hemisphere and summer in the north. As a result, the seasons in the southern hemisphere are
more extreme and the seasons in the northern are milder than would otherwise be the case. The summer temperatures
in the south can reach up to 30 °C (54 °F) warmer than the equivalent summer temperatures in the north.[68]
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Mars's northern ice cap

Mars also has the largest dust storms in our Solar System. These can
vary from a storm over a small area, to gigantic storms that cover the
entire planet. They tend to occur when Mars is closest to the Sun, and
have been shown to increase the global temperature.[69]

The polar caps at both poles consist primarily of water ice. However,
there is dry ice present on their surfaces. Frozen carbon dioxide (dry
ice) accumulates as a thin layer about one metre thick on the north cap
in the northern winter only, while the south cap has a permanent dry
ice cover about eight metres thick.[70] The northern polar cap has a
diameter of about 1,000 kilometres during the northern Mars
summer,[71] and contains about 1.6 million cubic kilometres of ice,
which if spread evenly on the cap would be 2 kilometres thick.[72]

(This compares to a volume of 2.85 million cubic kilometres for the
Greenland ice sheet.) The southern polar cap has a diameter of 350 km and a thickness of 3 km.[73] The total volume
of ice in the south polar cap plus the adjacent layered deposits has also been estimated at 1.6 million cubic
kilometres.[74] Both polar caps show spiral troughs, which are believed to form as a result of differential solar
heating, coupled with the sublimation of ice and condensation of water vapor.[75] [76] Both polar caps shrink and
regrow following the temperature fluctuation of the Martian seasons.

Evolution
Recent observational data and modeling techniques are providing further insight into the history and evolution of
Mars. For example, the remnants of a magnetic field suggest that something with a mass greater than that of Mars
once kept the planet's interior molten. The presence of bodies of water on Mars [77] would have required an
atmosphere thicker than that of today.[78] The Northern Basin records a massive and disruptive impact.[79] Possible
explanations include:
• A satellite could have caused enough tidal heating to melt the interior enough to generate a substantial magnetic

field. The field would have protected the Martian atmosphere from Solar winds, allowing liquid water to remain
on the surface.

• An impact by large asteroid or comet could have removed the crust of one hemisphere and striped Mars of its
atmosphere. The entire crust could have shifted to a more stable configuration with the impact basin centered at
the north pole and Mars' massive volcanoes near the equator. Without tidal heating from the satellite, the
magnetic field could have faded, and Solar wind striking the surface might have prevented the atmosphere from
reforming.

• The lack of a stabilizing satellite would have allowed significant wobble on the order of five million years. These
irregularities in the motion of Mars would have periodically warmed the polar regions enough for at least some
liquid water to form, leaving striations in the polar ice cap.

http://en.wikipedia.org/w/index.php?title=File:Mars_NPArea-PIA00161_modest.jpg
http://en.wikipedia.org/w/index.php?title=Dust_storm
http://en.wikipedia.org/w/index.php?title=Greenland_ice_sheet


Mars 78

Orbit and rotation
Mars’ average distance from the Sun is roughly 230 million km (1.5 AU) and its orbital period is 687 (Earth) days.
The solar day (or sol) on Mars is only slightly longer than an Earth day: 24 hours, 39 minutes, and 35.244 seconds. A
Martian year is equal to 1.8809 Earth years, or 1 year, 320 days, and 18.2 hours.
Mars's axial tilt is 25.19 degrees, which is similar to the axial tilt of the Earth. As a result, Mars has seasons like the
Earth, though on Mars they are nearly twice as long given its longer year. Mars passed its perihelion in April 2009
and its aphelion in May 2008. It next reaches perihelion in May 2011 and aphelion in March 2010.
Mars has a relatively pronounced orbital eccentricity of about 0.09; of the seven other planets in the Solar System,
only Mercury shows greater eccentricity. However, it is known that in the past Mars has had a much more circular
orbit than it does currently. At one point 1.35 million Earth years ago, Mars had an eccentricity of roughly 0.002,
much less than that of Earth today.[80] The Mars cycle of eccentricity is 96,000 Earth years compared to the Earth's
cycle of 100,000 years.[81] However, Mars also has a much longer cycle of eccentricity with a period of 2.2 million
Earth years, and this overshadows the 96,000-year cycle in the eccentricity graphs. For the last 35,000 years Mars'
orbit has been getting slightly more eccentric because of the gravitational effects of the other planets. The closest
distance between the Earth and Mars will continue to mildly decrease for the next 25,000 years.[82]

Orbit of Mars (red) and Ceres (yellow)

Orbit of Mars (red) and Ceres (yellow)

The image to the left shows a comparison between Mars and Ceres, a dwarf planet in the Asteroid Belt, as seen from the north ecliptic pole, while
the image to the right is as seen from the ascending node. The segments of orbits south of the ecliptic are plotted in darker colors. The perihelia (q)
and aphelia (Q) are labelled with the date of the nearest passage.
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Moons

Phobos (left) and Deimos (right)

Mars has two tiny natural moons, Phobos and Deimos, which orbit
very close to the planet. Their known composition suggests the moons
are captured asteroids but their origin remains uncertain.[83]

Both satellites were discovered in 1877 by Asaph Hall, and are named
after the characters Phobos (panic/fear) and Deimos (terror/dread) who,
in Greek mythology, accompanied their father Ares, god of war, into
battle. Ares was known as Mars to the Romans.[84]

From the surface of Mars, the motions of Phobos and Deimos appear
very different from that of our own moon. Phobos rises in the west,
sets in the east, and rises again in just 11 hours. Deimos, being only just outside synchronous orbit—where the
orbital period would match the planet's period of rotation—rises as expected in the east but very slowly. Despite the
30 hour orbit of Deimos, it takes 2.7 days to set in the west as it slowly falls behind the rotation of Mars, then just as
long again to rise.[85]

Because Phobos' orbit is below synchronous altitude, the tidal forces from the planet Mars are gradually lowering its
orbit. In about 50 million years it will either crash into Mars’ surface or break up into a ring structure around the
planet.[85]

The origin of the two moons is not well understood. Their low albedo and carbonaceous chondrite composition are
similar to asteroids and capture remains the favored theory. Phobos' unstable orbit would seem to point towards a
relatively recent capture. But both have circular orbits, very near the equator, which is very unusual for captured
objects and the required capture dynamics are complex. Accretion early in Mars' history is also plausible but does
not account for the moons' composition resembling asteroids rather than Mars itself. A third possibility is the
involvement of a third body or some kind of impact disruption.[86]

Life
The current understanding of planetary habitability—the ability of a world to develop and sustain life—favors
planets that have liquid water on their surface. This most often requires that the orbit of a planet lie within the
habitable zone, which for the Sun currently extends from just beyond Venus to about the semi-major axis of
Mars.[87] During perihelion Mars dips inside this region, but the planet's thin (low-pressure) atmosphere prevents
liquid water from existing over large regions for extended periods. The past flow of liquid water, however,
demonstrates the planet's potential for habitability. Recent evidence has suggested that any water on the Martian
surface would have been too salty and acidic to support terran life.[88]

The lack of a magnetosphere and extremely thin atmosphere of Mars are a greater challenge: the planet has little heat
transfer across its surface, poor insulation against bombardment and the solar wind, and insufficient atmospheric
pressure to retain water in a liquid form (water instead sublimates to a gaseous state). Mars is also nearly, or perhaps
totally, geologically dead; the end of volcanic activity has stopped the recycling of chemicals and minerals between
the surface and interior of the planet.[89]

Evidence suggests that the planet was once significantly more habitable than it is today, but whether living 
organisms ever existed there is still unclear. The Viking probes of the mid-1970s carried experiments designed to 
detect microorganisms in Martian soil at their respective landing sites, and had some apparently positive results, 
including a temporary increase of CO2 production on exposure to water and nutrients. However this sign of life was 
later disputed by many scientists, resulting in a continuing debate, with NASA scientist Gilbert Levin asserting that 
Viking may have found life. A re-analysis of the now 30-year-old Viking data, in light of modern knowledge of 
extremophile forms of life, has suggested that the Viking tests were also not sophisticated enough to detect these 
forms of life. The tests may even have killed a (hypothetical) life form.[90] Tests conducted by the Phoenix Mars

http://en.wikipedia.org/w/index.php?title=File:Phobos_deimos_diff_rotated.jpg
http://en.wikipedia.org/w/index.php?title=Phobos_%28moon%29
http://en.wikipedia.org/w/index.php?title=Deimos_%28moon%29
http://en.wikipedia.org/w/index.php?title=Asaph_Hall
http://en.wikipedia.org/w/index.php?title=Phobos_%28mythology%29
http://en.wikipedia.org/w/index.php?title=Deimos_%28mythology%29
http://en.wikipedia.org/w/index.php?title=Greek_mythology
http://en.wikipedia.org/w/index.php?title=Ares
http://en.wikipedia.org/w/index.php?title=Synchronous_orbit
http://en.wikipedia.org/w/index.php?title=Tidal_force
http://en.wikipedia.org/w/index.php?title=Carbonaceous_chondrite
http://en.wikipedia.org/w/index.php?title=Circular_orbit
http://en.wikipedia.org/w/index.php?title=Planetary_habitability
http://en.wikipedia.org/w/index.php?title=Planetary_habitability%23A_stable_habitable_zone
http://en.wikipedia.org/w/index.php?title=Semi-major_axis
http://en.wikipedia.org/w/index.php?title=Heat_transfer
http://en.wikipedia.org/w/index.php?title=Heat_transfer
http://en.wikipedia.org/w/index.php?title=Solar_wind
http://en.wikipedia.org/w/index.php?title=Organism
http://en.wikipedia.org/w/index.php?title=Viking_program
http://en.wikipedia.org/w/index.php?title=Gilbert_Levin
http://en.wikipedia.org/w/index.php?title=Extremophile


Mars 80

Lander have shown that the soil has a very alkaline pH and it contains magnesium, sodium, potassium and
chloride.[91] The soil nutrients may be able to support life, but life would still have to be shielded from the intense
ultraviolet light.
At the Johnson space center lab, some curious shapes have been found in the Martian meteorite ALH84001. Some
scientists propose that these geometric shapes could be fossilized microbes extant on Mars before the meteorite was
blasted into space by a meteor strike and sent on a 15 million-year voyage to Earth. Also, small quantities of
methane and formaldehyde recently detected by Mars orbiters are both claimed to be hints for life, as these chemical
compounds would quickly break down in the Martian atmosphere.[92] [93] It is possible that these compounds may be
replenished by volcanic or geological means such as serpentinization.[65]

Exploration

Mars 3 Lander (stamp, 1972)

Viking Lander 1 site

Dozens of spacecraft, including orbiters, landers, and rovers, have been
sent to Mars by the Soviet Union, the United States, Europe, and Japan
to study the planet's surface, climate, and geology. The current price of
transporting material from the surface of Earth to the surface of Mars is
approximately 309000 USD/kg.[94]

Roughly two-thirds of all spacecraft destined for Mars have failed in
one manner or another before completing or even beginning their
missions. While this high failure rate can be ascribed to technical
problems, enough have either failed or lost communications for causes
unknown for some to search for other explanations. Examples include
an Earth-Mars "Bermuda Triangle", a Mars Curse, or even the
long-standing NASA in-joke, the "Great Galactic Ghoul" that feeds on
Martian spacecraft.[95]

Past missions

The first successful fly-by mission to Mars was NASA's Mariner 4,
launched in 1964. On November 14, 1971 Mariner 9 became the first
space probe to orbit another planet when it entered into orbit around
Mars.[96] The first successful objects to land on the surface were two
Soviet probes, Mars 2 and Mars 3 from the Mars probe program,
launched in 1971, but both lost contact within seconds of landing. Then
came the 1975 NASA launches of the Viking program, which consisted of two orbiters, each having a lander; both
landers successfully touched down in 1976. Viking 1 remained operational for six years, Viking 2 for three. The
Viking landers relayed color panoramas of Mars[97] and the orbiters mapped the surface so well that the images
remain in use.

The Soviet probes Phobos 1 and 2 were sent to Mars in 1988 to study Mars and its two moons. Phobos 1 lost contact
on the way to Mars. Phobos 2, while successfully photographing Mars and Phobos, failed just before it was set to
release two landers on Phobos's surface.
Following the 1992 failure of the Mars Observer orbiter, NASA launched the Mars Global Surveyor in 1996. This
mission was a complete success, having finished its primary mapping mission in early 2001. Contact was lost with
the probe in November 2006 during its third extended program, spending exactly 10 operational years in space. Only
a month after the launch of the Surveyor, NASA launched the Mars Pathfinder, carrying a robotic exploration
vehicle Sojourner, which landed in the Ares Vallis on Mars in the summer of 1997. This mission was also
successful, and received much publicity, partially due to the many images that were sent back to Earth.[98]
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The most recent mission to Mars was the NASA Phoenix Mars lander, which launched August 4, 2007 and arrived
on the north polar region of Mars on May 25, 2008.[99] The lander has a robotic arm with a 2.5 m reach and capable
of digging a metre into the Martian soil. The lander has a microscopic camera capable of resolving to one-thousandth
the width of a human hair, and discovered a substance at its landing site on June 15, 2008, which was confirmed to
be water ice on June 20.[100] [101] The mission was declared concluded on November 10, 2008, after engineers were
unable to contact the craft.[102]

Current missions

Spirit's lander on Mars

In 2001 NASA launched the successful Mars Odyssey orbiter, which is
still in orbit as of March 2009, and the ending date has been extended
to September 2010.[103] Odyssey's Gamma Ray Spectrometer detected
significant amounts of hydrogen in the upper metre or so of Mars's
regolith. This hydrogen is thought to be contained in large deposits of
water ice.[104]

In 2003, the European Space Agency (ESA) launched the Mars
Express craft, consisting of the Mars Express Orbiter and the lander
Beagle 2. Beagle 2 failed during descent and was declared lost in early
February 2004.[105] In early 2004 the Planetary Fourier Spectrometer
team announced it had detected methane in the Martian atmosphere. ESA announced in June 2006 the discovery of
aurorae on Mars.[106]

Also in 2003, NASA launched the twin Mars Exploration Rovers named Spirit (MER-A) and Opportunity (MER-B).
Both missions landed successfully in January 2004 and have met or exceeded all their targets. Among the most
significant scientific returns has been conclusive evidence that liquid water existed at some time in the past at both
landing sites. Martian dust devils and windstorms have occasionally cleaned both rovers' solar panels, and thus
increased their lifespan.[107]

On August 12, 2005 the NASA Mars Reconnaissance Orbiter probe was launched toward the planet, arriving in orbit
on March 10, 2006 to conduct a two-year science survey. The orbiter will map the Martian terrain and weather to
find suitable landing sites for upcoming lander missions. It also contains an improved telecommunications link to
Earth, with more bandwidth than all previous missions combined. The Mars Reconnaissance Orbiter snapped the
first image of a series of active avalanches near the planet's north pole, scientists said March 3, 2008.[108]

View from the Phoenix lander.

The Dawn spacecraft flew by Mars in February 2009 for a gravity
assist on its way to investigate Vesta and then Ceres.

Future missions

Phoenix will be followed by the Mars Science Laboratory in 2011, a
bigger, faster (90 m/h), and smarter version of the Mars Exploration
Rovers. Experiments include a laser chemical sampler that can deduce
the make-up of rocks at a distance of 13 m.[109]

The joint Russian and Chinese Phobos-Grunt mission to return samples
of Mars's moon Phobos (grunt is the Russian word for soil) was originally scheduled for October 2009, but the
mission was postponed till the next launch window in 2011. On September 15, 2008, NASA announced MAVEN, a
robotic mission in 2013 to provide information about Mars' atmosphere.[110] In 2018 the ESA plans to launch its first
Rover to Mars; the ExoMars rover will be capable of drilling 2 m into the soil in search of organic molecules.[111]

The Finnish-Russian MetNet mission will land tens of small vehicles on the Martian surface to establish a 
widespread surface observation network to investigate the planet's atmospheric structure, physics and
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meteorology.[112] A precursor mission using one or a few landers is scheduled for launch in 2009 or 2011.[113] One
possibility is a piggyback launch on the Russian Phobos-Grunt mission.[113] Other launches will take place in the
launch windows extending to 2019.
Manned Mars exploration by the United States has been explicitly identified as a long-term goal in the Vision for
Space Exploration announced in 2004 by the then US President George W. Bush.[114] NASA and Lockheed Martin
have begun work on the Orion spacecraft, formerly the Crew Exploration Vehicle, which is currently scheduled to
send a human expedition to Earth's moon by 2020 as a stepping stone to an expedition to Mars thereafter. On
September 28, 2007, NASA administrator Michael D. Griffin stated that NASA aims to put a man on Mars by
2037.[115]

ESA hopes to land humans on Mars between 2030 and 2035.[116] This will be preceded by successively larger
probes, starting with the launch of the ExoMars probe and a Mars Sample Return Mission.
Mars Direct, an extremely low-cost human mission proposed by Bob Zubrin, a founder of the Mars Society, uses
heavy-lift Saturn V class rockets, such as the Space X Falcon 9, or, the Ares V, to skip orbital construction, LEO
rendezvous, and lunar fuel depots. A modified proposal, called "Mars to Stay",[117] involves not returning the first
immigrant/explorers immediately, if ever. Dean Unick has suggested the cost of sending a four to six person team is
one fifth to one tenth the cost of returning that same four to six person team; twenty settlers could be sent for the cost
of returning four.[118]

Astronomy on Mars

Photograph of a Martian sunset taken by Spirit at
Gusev crater, May 19, 2005.

With the existence of various orbiters, landers, and rovers, it is now
possible to study astronomy from the Martian skies. While Mars’ moon
Phobos appears about one third the angular diameter of the full Moon
as it appears from Earth, Deimos appears more or less star-like, and
appears only slightly brighter than Venus does from Earth.[119]

There are also various phenomena well-known on Earth that have now
been observed on Mars, such as meteors and auroras.[106] A transit of
the Earth as seen from Mars will occur on November 10, 2084. There are also transits of Mercury and transits of
Venus, and the moon Deimos is of sufficiently small angular diameter that its partial "eclipses" of the Sun are best
considered transits (see Transit of Deimos from Mars).

Viewing
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Apparent retrograde motion of Mars in 2003 as
seen from Earth

To the naked eye, Mars usually appears a distinct yellow, orange, or
reddish color, and varies in brightness more than any other planet as
seen from Earth over the course of its orbit. However the actual color
of Mars is closer to butterscotch, and the redness seen is actually just
dust in the planet's atmosphere; considering this NASA's Spirit rover
has taken pictures of a greenish-brown, mud-colored landscape with
blue-grey rocks and patches of light red colored sand.[120] The apparent
magnitude of Mars varies from +1.8 at conjunction to as high as −2.9
at perihelic opposition.[5] When farthest away from the Earth, it is
more than seven times as far from the latter as when it is closest. When
least favorably positioned, it can be lost in the Sun's glare for months at
a time. At its most favorable times—at 15- or 17-year intervals, and
always between late July and late September—Mars shows a wealth of
surface detail to a telescope. Especially noticeable, even at low
magnification, are the polar ice caps.[121]

The point of Mars’ closest approach to the Earth is known as opposition. The length of time between successive
oppositions, or the synodic period, is 780 days. Because of the eccentricities of the orbits, the times of opposition and
minimum distance can differ by up to 8.5 days. The minimum distance varies between about 55 and 100 million km
due to the planets' elliptical orbits.[5] The next Mars opposition will occur on January 29, 2010.

Mars oppositions from 2003–2018, viewed from
above the ecliptic with the Earth centered

As Mars approaches opposition it begins a period of retrograde motion,
which means it will appear to move backwards in a looping motion
with respect to the background stars.

2003 closest approach

On August 27, 2003, at 9:51:13 UT, Mars made its closest approach to
Earth in nearly 60,000 years: 55,758,006 km (0.372719 AU). This
occurred when Mars was one day from opposition and about three days
from its perihelion, making Mars particularly easy to see from Earth.
The last time it came so close is estimated to have been on September
12, 57 617 BC, the next time being in 2287.[122] However, this record
approach was only very slightly closer than other recent close
approaches. For instance, the minimum distance on August 22, 1924
was 0.37285 AU, and the minimum distance on August 24, 2208 will
be 0.37279 AU.[81]
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Historical observations

The rotation of Mars as
seen in a small telescope in

2003.

The history of observations of Mars is marked by the oppositions of Mars, when the
planet is closest to Earth and hence is most easily visible, which occur every couple of
years. Even more notable are the perihelic oppositions of Mars which occur every 15 or
17 years, and are distinguished because Mars is close to perihelion, making it even closer
to Earth. Aristotle was among the first known writers to describe observations of Mars,
noting that, as it passed behind the Moon, it was farther away than was originally
believed.

The only occultation of Mars by Venus observed was that of October 13, 1590, seen by
Michael Maestlin at Heidelberg.[123] In 1609, Mars was viewed by Galileo, who was first
to see it via telescope.

Martian 'canals'

Map of Mars by Giovanni Schiaparelli

By the 19th century, the resolution of telescopes reached a level
sufficient for surface features to be identified. In September 1877, a
perihelic opposition of Mars occurred on September 5. In that year,
Italian astronomer Giovanni Schiaparelli, then in Milan, used a 22 cm
telescope to help produce the first detailed map of Mars. These maps
notably contained features he called canali, which were later shown to
be an optical illusion. These canali were supposedly long straight lines
on the surface of Mars to which he gave names of famous rivers on
Earth. His term, which means 'channels' or 'grooves', was popularly
mistranslated in English as canals.[124] [125]

Mars sketched as observed by Lowell sometime
before 1914. (South top)

Influenced by the observations, the orientalist Percival Lowell founded
an observatory which had a 300 and 450 mm telescope. The
observatory was used for the exploration of Mars during the last good
opportunity in 1894 and the following less favorable oppositions. He
published several books on Mars and life on the planet, which had a
great influence on the public. The canali were also found by other
astronomers, like Henri Joseph Perrotin and Louis Thollon in Nice,
using one of the largest telescopes of that time.

The seasonal changes (consisting of the diminishing of the polar caps and the dark areas formed during Martian
summer) in combination with the canals lead to speculation about life on Mars, and it was a long held belief that
Mars contained vast seas and vegetation. The telescope never reached the resolution required to give proof to any
speculations. However, as bigger telescopes were used, fewer long, straight canali were observed. During an
observation in 1909 by Flammarion with a 840 mm telescope, irregular patterns were observed, but no canali were
seen.[126]
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Map of Mars from Hubble Space Telescope as
seen near the 1999 opposition. (North top)

Even in the 1960s articles were published on Martian biology, putting
aside explanations other than life for the seasonal changes on Mars.
Detailed scenarios for the metabolism and chemical cycles for a
functional ecosystem have been published.[127]

It was not until spacecraft visited the planet during NASA's Mariner
missions in the 1960s that these myths were dispelled. The results of
the Viking life-detection experiments started an intermission in which
the hypothesis of a hostile, dead planet was generally accepted.

Some maps of Mars were made using the data from these missions, but it was not until the Mars Global Surveyor
mission, launched in 1996 and operated until late 2006, that complete, extremely detailed maps were obtained. These
maps are now available online, for example, at Google Mars.

In culture

Historical connections
Mars is named after the Roman god of war. In Babylonian astronomy, the planet was named after Nergal, their deity
of fire, war, and destruction, most likely due to the planet's reddish appearance.[128] When the Greeks equated Nergal
with their god of war, Ares, they named the planet Ἄρεως ἀστἡρ (Areos aster), or "star of Ares". Then, following
the identification of Ares and Mars, it was translated into Latin as stella Martis, or "star of Mars", or simply Mars.
The Greeks also called the planet Πυρόεις Pyroeis meaning "fiery". In Hindu mythology, Mars is known as Mangala
(मंगल). The planet is also called Angaraka in Sanskrit, after the celibate god of war, who possesses the signs of Aries
and Scorpio, and teaches the occult sciences. The planet was known by the Egyptians as "Ḥr Dšr";;;; or "Horus the
Red". The Hebrews named it Ma'adim (מאדים) — "the one who blushes"; this is where one of the largest canyons
on Mars, the Ma'adim Vallis, gets its name. It is known as al-Mirrikh in Arabic, and Merih in Turkish. In Urdu and
Persian it is written as مریخ and known as "Merikh". The etymology of al-Mirrikh is unknown. Ancient Persians
named it Bahram, the Zoroastrian god of faith and it is written as بهرام. Ancient Turks called it Sakit. The Chinese,
Japanese, Korean and Vietnamese cultures refer to the planet as 火星, or the fire star, a name based on the ancient
Chinese mythological cycle of Five elements.

Its symbol, derived from the astrological symbol of Mars, is a circle with a small arrow pointing out
from behind. It is a stylized representation of a shield and spear used by the Roman God Mars. Mars in
Roman mythology was the God of War and patron of warriors. This symbol is also used in biology to
describe the male sex, and in alchemy to symbolise the element iron which was considered to be

dominated by Mars whose characteristic red colour is coincidentally due to iron oxide.[129] ♂ occupies Unicode
position U+2642.
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Intelligent "Martians"

An 1893 soap ad playing on the popular idea that
Mars was populated.

The popular idea that Mars was populated by intelligent Martians
exploded in the late 19th century. Schiaparelli's "canali" observations
combined with Percival Lowell's books on the subject put forward the
standard notion of a planet that was a drying, cooling, dying world
with ancient civilizations constructing irrigation works.[130]

Many other observations and proclamations by notable personalities
added to what has been termed "Mars Fever".[131] In 1899 while
investigating atmospheric radio noise using his receivers in his
Colorado Springs lab, inventor Nikola Tesla observed repetitive signals
that he later surmised might have been radio communications coming
from another planet, possibly Mars. In a 1901 interview Tesla said:

It was some time afterward when the thought flashed upon
my mind that the disturbances I had observed might be
due to an intelligent control. Although I could not decipher
their meaning, it was impossible for me to think of them as
having been entirely accidental. The feeling is constantly
growing on me that I had been the first to hear the greeting of one planet to another.[132]

Tesla's theories gained support from Lord Kelvin who, while visiting the United States in 1902, was reported to have
said that he thought Tesla had picked up Martian signals being sent to the United States.[133] However, Kelvin
"emphatically" denied this report shortly before departing America: "What I really said was that the inhabitants of
Mars, if there are any, were doubtless able to see New York, particularly the glare of the electricity."[134]

In a New York Times article in 1901, Edward Charles Pickering, director of the Harvard College Observatory, said
that they had received a telegram from Lowell Observatory in Arizona that seemed to confirm that Mars was trying
to communicate with the Earth.[135]

Early in December 1900, we received from Lowell Observatory in Arizona a telegram that a shaft of
light had been seen to project from Mars (the Lowell observatory makes a specialty of Mars) lasting
seventy minutes. I wired these facts to Europe and sent out neostyle copies through this country. The
observer there is a careful, reliable man and there is no reason to doubt that the light existed. It was
given as from a well-known geographical point on Mars. That was all. Now the story has gone the world
over. In Europe it is stated that I have been in communication with Mars, and all sorts of exaggerations
have spring up. Whatever the light was, we have no means of knowing. Whether it had intelligence or
not, no one can say. It is absolutely inexplicable.[135]

Pickering later proposed creating a set of mirrors in Texas with the intention of signaling Martians.
In recent decades, the high resolution mapping of the surface of Mars, culminating in Mars Global Surveyor,
revealed no artifacts of habitation by 'intelligent' life, but pseudoscientific speculation about intelligent life on Mars
continues from commentators such as Richard C. Hoagland. Reminiscent of the canali controversy, some
speculations are based on small scale features perceived in the spacecraft images, such as 'pyramids' and the 'Face on
Mars'. Planetary astronomer Carl Sagan wrote:

Mars has become a kind of mythic arena onto which we have projected our Earthly hopes and fears.[136]

http://en.wikipedia.org/w/index.php?title=File:Kirks_Soap_Yerkes_Mars.jpg
http://en.wikipedia.org/w/index.php?title=Martian
http://en.wikipedia.org/w/index.php?title=Giovanni_Schiaparelli
http://en.wikipedia.org/w/index.php?title=Percival_Lowell
http://en.wikipedia.org/w/index.php?title=Nikola_Tesla
http://en.wikipedia.org/w/index.php?title=William_Thomson%2C_1st_Baron_Kelvin
http://en.wikipedia.org/w/index.php?title=New_York_Times
http://en.wikipedia.org/w/index.php?title=Edward_Charles_Pickering
http://en.wikipedia.org/w/index.php?title=Harvard_College_Observatory
http://en.wikipedia.org/w/index.php?title=Lowell_Observatory
http://en.wikipedia.org/w/index.php?title=Arizona
http://en.wikipedia.org/w/index.php?title=Texas
http://en.wikipedia.org/w/index.php?title=Mars_Global_Surveyor
http://en.wikipedia.org/w/index.php?title=Richard_C._Hoagland
http://en.wikipedia.org/w/index.php?title=Cydonia_Mensae%23Face_on_Mars
http://en.wikipedia.org/w/index.php?title=Cydonia_Mensae%23Face_on_Mars
http://en.wikipedia.org/w/index.php?title=Carl_Sagan


Mars 87

In fiction
The depiction of Mars in fiction has been stimulated by its dramatic red color and by early scientific speculations
that its surface conditions not only might support life, but intelligent life.

Alien tripod illustration from the
1906 French edition of H.G. Wells'

The War of the Worlds.

Thus originated a large number of science fiction scenarios, the best known of
which is H. G. Wells' The War of the Worlds, published in 1898, in which
Martians seek to escape their dying planet by invading Earth. A subsequent US
radio adaptation of The War of the Worlds on October 30, 1938 by Orson Welles
was presented as a live news broadcast, and became notorious for causing a
public panic when many listeners mistook it for the truth.[137]

Also influential were Ray Bradbury's The Martian Chronicles, in which human
explorers accidentally destroy a Martian civilization, Edgar Rice Burroughs'
Barsoom series and a number of Robert A. Heinlein stories before the
mid-sixties.

Author Jonathan Swift made reference to the moons of Mars, about 150 years
before their actual discovery by Asaph Hall, detailing reasonably accurate
descriptions of their orbits, in the 19th chapter of his novel Gulliver's
Travels.[138]

Another reference is found in C. S. Lewis' Space Trilogy, and in particular in the first book entitled Out of the Silent
Planet (1938). Three men, Weston, Devine and Ransom, set out for an interplanetary voyage from Earth to Mars
(called Malacandra in the narrative). Ransom, who had been brought along forcefully by Weston and Devine, in
order to be handed over to the Sorns, succeeds in escaping after they have landed on the red planet, and thus comes
to discover the geology, flora, fauna, and cultures present on Malacandra. He also discovers the relationship of planet
Earth (called Thulcandra, the silent planet, in the narrative) with the other planets and forms of life present in the
Solar System.
A comic figure of an intelligent Martian, Marvin the Martian, appeared on television in 1948 as a character in the
Looney Tunes animated cartoons of Warner Brothers, and has continued as part of popular culture to the present.
After the Mariner and Viking spacecraft had returned pictures of Mars as it really is, an apparently lifeless and
canal-less world, these ideas about Mars had to be abandoned and a vogue for accurate, realist depictions of human
colonies on Mars developed, the best known of which may be Kim Stanley Robinson's Mars trilogy. However,
pseudo-scientific speculations about the Face on Mars and other enigmatic landmarks spotted by space probes have
meant that ancient civilizations continue to be a popular theme in science fiction, especially in film.[139]

Another popular theme, particularly among American writers, is the Martian colony that fights for independence
from Earth. This is a major plot element in the novels of Greg Bear and Kim Stanley Robinson, as well as the movie
Total Recall (based on a short story by Philip K. Dick) and the television series Babylon 5. Many video games also
use this element, including Red Faction and the Zone of the Enders series. Mars (and its moons) were also the setting
for the popular Doom video game franchise and the later Martian Gothic.
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In music
In Gustav Holst's The Planets, Mars is depicted as the "Bringer of War".
The Flaming Lips's Grammy-award-winning song "Approaching Pavonis Mons by Balloon" from the album Yoshimi
Battles the Pink Robots portrays travel across the Red Planet.

See also
• 2007 WD5 – asteroid that had a possible impact with Mars on January 30, 2008
• Colonization of Mars
• Darian calendar – system of time-keeping
• Extraterrestrial life
• List of artificial objects on Mars
• List of chasmata on Mars
• List of craters on Mars
• List of valles on Mars
• Mars Direct
• Mars Society
• Terraforming of Mars

Notes
a. Best fit ellipsoid
b. There are many serpentinization reactions. Olivine is a solid solution between forsterite and fayalite whose

general formula is . The reaction producing methane from olivine can be written as:
Forsterite + Fayalite + Water + Carbonic acid → Serpentine + Magnetite + Methane , or (in balanced form):

 → 

External links
• 3D maps of Mars in NASA World Wind (http:/ / www. worldwindcentral. com/ wiki/ Mars)
• Google Mars (http:/ / www. google. com/ mars/ ) – Interactive image of Mars
• Guide to Mars (http:/ / mars. skymania. com/ ) – information about Mars and how to observe it.
• Nine Planets Mars page (http:/ / www. nineplanets. org/ mars. html)
• On Mars: Exploration of the Red Planet 1958–1978 (http:/ / history. nasa. gov/ SP-4212/ on-mars. html) from the

NASA History Office.
• Martian Law – a CATO white paper (http:/ / www. cato. org/ pubs/ wtpapers/ 980815paper. html)
• Computer Simulation of a flyby through Mariner Valley (http:/ / www. maniacworld. com/ mars_mariner_valley.

htm)
• Mars Unearthed (http:/ / www. marsunearthed. com/ ) – Comparisons of terrains between Earth and Mars
• Ralph Aeschliman's Online Atlas of Mars (http:/ / ralphaeschliman. com/ id30. htm)
• Be on Mars (http:/ / dualmoments. com/ marsrovers/ index. html) – Anaglyphs from the Mars Rovers (3D)
• NASA/JPL OnMars WMS Server for Mars Data (http:/ / onmars. jpl. nasa. gov/ ) – Work as Google Earth client

overlays
• Exploring Mars: Image Center (http:/ / www. lpi. usra. edu/ expmars/ images. html)
• Mars (http:/ / www. astronomycast. com/ astronomy/ episode-52-mars/ ) Astronomy Cast episode #52, includes

full transcript.
• Feb 07: ESA Prepares for a Human Mission to Mars (http:/ / www. space-nasa. com/ 02-apr-2007-esa-1. html)
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• Mars' apparent relative size (http:/ / hubblesite. org/ newscenter/ archive/ releases/ 2005/ 34/ image/ l) at
opposition as seen by HST

• Mars articles in Planetary Science Research Discoveries (http:/ / www. psrd. hawaii. edu/ Archive/ Archive-Mars.
html)

• BBC News update on Mars Express' findings of polar water ice and water-eroded features on the surface (http:/ /
news. bbc. co. uk/ 1/ hi/ sci/ tech/ 3426539. stm)

• BBC News Mars pictures reveal frozen sea (http:/ / news. bbc. co. uk/ 1/ hi/ sci/ tech/ 4285119. stm)
• Flight Into Mariner Valley (http:/ / themis. asu. edu/ valles_video/ ) – NASA/JPL/Arizona State University 3D

flythrough of Valles Marineris
• Geody Mars (http:/ / www. geody. com/ ?world=mars) – World's search engine that supports NASA World Wind,

Celestia, and other applications
• Mars Society (http:/ / www. marssociety. org) – The Mars Society, an international organization dedicated to the

study, exploration, and settlement of Mars.

Cartographic resources
• Mars Nomenclature (http:/ / planetarynames. wr. usgs. gov/ jsp/ SystemSearch2. jsp?System=Mars)
• PDS Map-a-planet (http:/ / pdsmaps. wr. usgs. gov/ PDS/ public/ explorer/ html/ marspick. htm)
• Viking Photomap (http:/ / planetologia. elte. hu/ terkep/ mars-viking-en. pdf)
• MOLA (topographic) map (http:/ / planetologia. elte. hu/ terkep/ mars-mola-en. pdf)
• Movie of Mars (http:/ / sos. noaa. gov/ videos/ Mars. mov) at National Oceanic and Atmospheric Administration
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UTC date and time of solstices and equinoxes[1]

 year Equinox
Mar

Solstice
June

Equinox
Sept

Solstice
Dec

day time day time day time day time 

2004 20 06:49 21 00:57 22 16:30 21 12:42 

2005 20 12:33 21 06:46 22 22:23 21 18:35 

2006 20 18:26 21 12:26 23 04:03 22 00:22 

2007 21 00:07 21 18:06 23 09:51 22 06:08 

2008 20 05:48 20 23:59 22 15:44 21 12:04 

 2009 20 11:44 21 05:45 22 21:18 21 17:47 

 2010 20 17:32 21 11:28 23 03:09 21 23:38 

 2011 20 23:21 21 17:16 23 09:04 22 05:30 

 2012 20 05:14 20 23:09 22 14:49 21 11:11 

 2013 20 11:02 21 05:04 22 20:44 21 17:11 

2014 20 16:57 21 10:51 23 02:29 21 23:03 

2015 20 22:45 21 16:38 23 08:20 22 04:48 

2016 20 04:30 20 22:34 22 14:21 21 10:44 

2017 20 10:28 21 04:24 22 20:02 21 16:28 
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A solstice is an astronomical event that happens twice each year, when the tilt of the Earth's axis is most inclined
toward or away from the Sun, causing the Sun's apparent position in the sky to reach its northernmost or
southernmost extreme. The name is derived from the Latin sol (sun) and sistere (to stand still), because at the
solstices, the Sun stands still in declination; that is, the apparent movement of the Sun's path north or south comes to
a stop before reversing direction.
The term solstice can also be used in a broader sense, as the date (day) when this occurs. The solstices, together with
the equinoxes, are connected with the seasons. In some cultures they are considered to start or separate the seasons
while in others they fall in the middle.

Definitions and frames of reference
Of the many ways in which solstice can be defined, one of the most common (and perhaps most easily understood) is
by the astronomical phenomenon for which it is named, which is readily observable by anyone on Earth: a
"sun-standing." This modern scientific word descends from a Latin scientific word in use in the late Roman republic
of the 1st century BC: solstitium. Pliny uses it a number of times in his Natural History with the same meaning that it
has today. It contains two Latin-language segments, sol, "sun", and -stitium, "stoppage."[2] The Romans used
"standing" to refer to a component of the relative velocity of the Sun as it is observed in the sky. Relative velocity is
the motion of an object from the point of view of an observer in a frame of reference. From a fixed position on the
ground, the sun appears to orbit around the Earth.[3]

To an observer in inertial space, the Earth is seen to rotate about an axis and revolve around the Sun in an elliptical
path with the Sun at one focus. The Earth's axis is tilted with respect to the plane of the Earth's orbit and this axis
maintains a position that changes little with respect to the background of stars. An observer on Earth therefore sees a
solar path that is the result of both rotation and revolution.
The component of the Sun's motion seen by an earthbound observer caused by the revolution of the tilted axis,
which, keeping the same angle in space, is oriented toward or away from the Sun, is an observed diurnal increment
(and lateral offset) of the elevation of the Sun at noon for approximately six months and observed daily decrement
for the remaining six months. At maximum or minimum elevation the relative motion at 90° to the horizon stops and
changes direction by 180°. The maximum is the summer solstice and the minimum is the winter solstice. The path of
the Sun, or ecliptic, sweeps north and south between the northern and southern hemispheres. The days are longer
around the summer solstice and shorter around the winter solstice. When the Sun's path crosses the equator, the days
and nights are of equal length; this is known as an equinox. There are two solstices and two equinoxes.[4]

Heliocentric view of the seasons

Illumination of Earth by Sun at
the northern solstice.

Illumination of Earth by Sun at
the southern solstice.

Diagram of the Earth's seasons as
seen from the north. Far right:

southern solstice

Diagram of the Earth's seasons as
seen from the south. Far left:

northern solstice

The cause of the seasons is that the Earth's axis of rotation is not perpendicular to its orbital plane (the flat plane 
made through the center of mass (barycenter) of the solar system (near or within the Sun) and the successive 
locations of Earth during the year), but currently makes an angle of about 23.44° (called the "obliquity of the 
ecliptic"), and that the axis keeps its orientation with respect to inertial space. As a consequence, for half the year 
(from around 20 March to 22 September) the northern hemisphere is inclined toward the Sun, with the maximum
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around 21 June, while for the other half year the southern hemisphere has this distinction, with the maximum around
21 December. The two moments when the inclination of Earth's rotational axis has maximum effect are the solstices.
The table at the top of the article gives the instances of equinoxes and solstices over several years. Refer to the
equinox article for some remarks.
At the northern solstice the subsolar point reaches to 23.44° north, known as the tropic of Cancer. Likewise at the
southern solstice the same thing happens for latitude 23.44° south, known as the tropic of Capricorn. The sub-solar
point will cross every latitude between these two extremes exactly twice per year.
Also during the northern solstice, places situated at latitude 66.56° north, known as the Arctic Circle will see the Sun
just on the horizon during midnight, and all places north of it will see the Sun above horizon for 24 hours. That is the
midnight sun or midsummer-night sun or polar day. On the other hand, places at latitude 66.56° south, known as the
Antarctic Circle will see the Sun just on the horizon during midday, and all places south of it will not see the Sun
above horizon at any time of the day. That is the polar night. During the southern solstice the effects on both
hemispheres are just the opposite.

Two images showing the amount of reflected sunlight at southern
and northern summer solstices respectively (watts / m²).

At the temperate latitudes, during summer the Sun
remains longer and higher above the horizon, while in
winter it remains shorter and lower. This is the cause of
summer heat and winter cold.

The seasons are not caused by the varying distance of
Earth from the Sun due to the orbital eccentricity of the
Earth's orbit. This variation does make a contribution,
but is small compared with the effects of exposure
because of Earth's tilt. Currently the Earth reaches
perihelion at the beginning of January - the beginning of
the northern winter and the southern summer. Although
the Earth is at its closest to the Sun and therefore
receiving more heat, the whole planet is not in summer.
Although it is true that the northern winter is somewhat
warmer than the southern winter, the placement of the
continents may also play an important factor. In the
same way, during aphelion at the beginning of July, the
Sun is farther away, but that still leaves the northern
summer and southern winter as they are with only minor
effects.

Due to Milankovitch cycles, the Earth's axial tilt and orbital eccentricity will change over thousands of years. Thus in
10,000 years one would find that Earth's northern winter occurs at aphelion and its northern summer at perihelion.
The severity of seasonal change—the average temperature difference between summer and winter in location—will
also change over time because the Earth's axial tilt fluctuates between 22.1 and 24.5 degrees.
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Geocentric view of the seasons

Day arcs at 0° latitude, equator

Day arcs at 20° latitude

Day arcs at 50° latitude

The explanation given in the previous section is useful for
observers in outer space. They would see how the Earth revolves
around the Sun and how the distribution of sunlight on the planet
would change over the year. To observers on Earth, it is also
useful to see how the Sun seems to revolve around them. These
pictures show such a perspective as follows. They show the day
arcs of the Sun, the paths the Sun tracks along the celestial dome
in its diurnal movement. The pictures show this for every hour on
both solstice days. The longer arc is always the summer track and
the shorter one the winter track. The two tracks are at a distance of
46.88° (2 × 23.44°) away from each other.

In addition, some 'ghost' suns are indicated below the horizon, as
much as 18° down. The Sun in this area causes twilight. The
pictures can be used for both the northern and southern
hemispheres. The observer is supposed to sit near the tree on the
island in the middle of the ocean. The green arrows give the
cardinal directions.

• On the northern hemisphere the north is to the left, the Sun rises
in the east (far arrow), culminates in the south (to the right)
while moving to the right and sets in the west (near arrow).
Both rise and set positions are displaced towards the north in
summer, and towards the south for the winter track.

• On the southern hemisphere the south is to the left, the Sun
rises in the east (near arrow), culminates in the north (to the
right) while moving to the left and sets in the west (far arrow).
Both rise and set positions are displaced towards the south in
summer, and towards the north for the winter track.

The following special cases are depicted.
• On the equator the Sun is not overhead every day, as some

people think. In fact that happens only on two days of the year,
the equinoxes. The solstices are the dates that the Sun stays
farthest away from the zenith, only reaching an altitude of
66.56° either to the north or the south. The only thing special
about the equator is that all days of the year, solstices included,
have roughly the same length of about 12 hours, so that it makes no sense to talk about summer and winter.
Instead, tropical areas often have wet and dry seasons.

• The day arcs at 20° latitude. The Sun culminates at 46.56° altitude in winter and 93.44° altitude in summer. In this
case an angle larger than 90° means that the culmination takes place at an altitude of 86.56° in the opposite
cardinal direction. For example in the southern hemisphere, the Sun remains in the
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Day arcs at 70° latitude

Day arcs at 90° latitude, pole

north during winter, but can reach over the zenith to the south
in midsummer. Summer days are longer than winter days, but
the difference is no more than two or three hours. The daily
path of the Sun is steep at the horizon the whole year round,
resulting in a twilight of only about one hour.

• The day arcs at 50° latitude. The winter Sun does not rise more
than 16.56° above the horizon at midday, and 63.44° in summer
above the same horizon direction. The difference in the length
of the day between summer and winter is striking - slightly less
than 8 hours at midwinter, to slightly more than 16 hours in
midsummer. Likewise is the difference in direction of sunrise
and sunset. Also note the steepness of the daily path of the Sun
above the horizon. It is much shallower than at 20° latitude.
Therefore not only is the Sun not reaching as high, it also seems
not to be in a hurry to do so. But conversely this means that the
Sun is not in a hurry to dip deeply below the horizon at night.
At this latitude at midnight the summer sun is only 16.56°
below the horizon, which means that astronomical twilight
continues the whole night. This phenomenon is known as the
grey nights, nights when it does not get dark enough for
astronomers to do their observations. Above 60° latitude the
Sun would be even closer to the horizon, only 6.56° away from
it. Then civil twilight continues the whole night. This
phenomenon is known as the white nights. And above 66.56°
latitude, of course, one would get the midnight sun.

• The day arcs at 70° latitude. At local noon the winter Sun culminates at −3.44°, and the summer Sun at 43.44°.
Said another way, during the winter the Sun does not rise above the horizon, it is the polar night. There will be
still a strong twilight though. At local midnight the summer Sun culminates at 3.44°, said another way, it does not
set, it is the polar day.

• The day arcs at the pole. At the time of the summer or winter solstices, the Sun is 23.44° degrees above or below
the horizon respectively, irrespective of time of day. Whilst the Sun is up (during summer months) it will circle
around the whole sky, appearing to stay at same angle from the horizon, therefore the concept of day or night is
meaningless. The angle of elevation will gradually change on an annual cycle, with the Sun reaching its highest
point at the summer Solstice, and rising or setting at the Equinox, with extended periods of twilight lasting several
days after the autumn equinox and before the spring equinox.

Cultural aspects

Ancient Greek names and concepts
The concept of the solstices was embedded in ancient Greek celestial navigation. As soon as they discovered that the
Earth is spherical[5] they devised the concept of the celestial sphere,[6] an imaginary spherical surface rotating with
the heavenly bodies (ouranioi) fixed in it (the modern one does not rotate, but the stars in it do). As long as no
assumptions are made concerning the distances of those bodies from Earth or from each other, the sphere can be
accepted as real and is in fact still in use.
The stars move across the inner surface of the celestial sphere along the circumferences of circles in parallel planes[7] 
perpendicular to the Earth's axis extended indefinitely into the heavens and intersecting the celestial sphere in a
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celestial pole.[8] The Sun and the planets do not move in these parallel paths but along another circle, the ecliptic,
whose plane is at an angle, the obliquity of the ecliptic, to the axis, bringing the Sun and planets across the paths of
and in among the stars.*
Cleomedes states:[9]

The band of the Zodiac (zōdiakos kuklos, "zodiacal circle") is at an oblique angle (loksos) because it is
positioned between the tropical circles and equinoctial circle touching each of the tropical circles at one
point … This Zodiac has a determinable width (set at 8° today) … that is why it is described by three
circles: the central one is called "heliacal" (hēliakos, "of the sun").

The term heliacal circle is used for the ecliptic, which is in the center of the zodiacal circle, conceived as a band
including the noted constellations named on mythical themes. Other authors use Zodiac to mean ecliptic, which first
appears in a gloss of unknown author in a passage of Cleomedes where he is explaining that the Moon is in the
zodiacal circle as well and periodically crosses the path of the Sun. As some of these crossings represent eclipses of
the Moon, the path of the Sun is given a synonym, the ekleiptikos (kuklos) from ekleipsis, "eclipse."

English names
The two solstices can be distinguished by different pairs of names, depending on which feature one wants to stress.
• Summer Solstice and Winter solstice are the most common names. However, these can be ambiguous since

seasons of the northern hemisphere and southern hemisphere are opposites, and the summer solstice of one
hemisphere is the winter solstice of the other. These are also known as the 'longest' or 'shortest' days of the year.

• Northern Solstice and Southern Solstice indicate the direction of the Sun's apparent movement. The northern
solstice is in June on Earth, when the Sun is directly over the Tropic of Cancer in the Northern Hemisphere, and
the southern solstice is in December, when the Sun is directly over the Tropic of Capricorn in the Southern
Hemisphere.

• June Solstice and December Solstice are an alternative to the more common "summer" and "winter" terms, but
without the ambiguity as to which hemisphere is the context. They are still not universal, however, as not all
people use a solar-based calendar where the solstices occur every year in the same month (as they do not in the
Islamic Calendar and Hebrew calendar, for example), and the names are not useful for other planets (Mars, for
example), even though these planets do have seasons.

• First point of Cancer and first point of Capricorn. One disadvantage of these names is that, due to the
precession of the equinoxes, the astrological signs where these solstices are located no longer correspond with the
actual constellations.

• Taurus solstice and Sagittarius solstice are names that indicate in which constellations the two solstices are
currently located. These terms are not widely used, though, and until December 1989 the first solstice was in
Gemini, according to official IAU boundaries.

• The Latin names Hibernal solstice (winter), and Aestival solstice (summer) are sometimes used.

Solstice terms in East Asia

The traditional East Asian calendars divide a year into 24 solar terms (節氣). Xiàzhì (pīnyīn) or Geshi (rōmaji)

(Chinese and Japanese: 夏至; Korean: 하지(Haji); Vietnamese: Hạ chí; literally: "summer's extreme") is the 10th

solar term, and marks the summer solstice. It begins when the Sun reaches the celestial longitude of 90° (around
June 21) and ends when the Sun reaches the longitude of 105° (around July 7). Xiàzhì more often refers in particular
to the day when the Sun is exactly at the celestial longitude of 90°.
Dōngzhì (pīnyīn) or Tōji (rōmaji) (Chinese and Japanese: 冬至; Korean: 동지(Dongji); Vietnamese: Đông chí; literally:
"winter's extreme") is the 22nd solar term, and marks the winter solstice. It begins when the Sun reaches the celestial
longitude of 270° (around December 22 ) and ends when the Sun reaches the longitude of 285° (around January 5).
Dōngzhì more often refers in particular to the day when the Sun is exactly at the celestial longitude of 270°.
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The solstices (as well as the equinoxes) mark the middle of the seasons in East Asian calendars. Here, the Chinese
character 至 means "extreme", so the terms for the solstices directly signify the summits of summer and winter, a
linkage that may not be immediately obvious in Western languages.

Solstice celebrations
The term solstice can also be used in a wider sense, as the date (day) that such a passage happens. The solstices,
together with the equinoxes, are connected with the seasons. In some languages they are considered to start or
separate the seasons; in others they are considered to be center points (in English, in the Northern hemisphere, for
example, the period around the June solstice is known as midsummer, and Midsummer's Day is 24 June, about three
days after the solstice itself). Similarly 25 December is the start of the Christmas celebration, and is the day the Sun
begins to return to the northern hemisphere.
Many cultures celebrate various combinations of the winter and summer solstices, the equinoxes, and the midpoints
between them, leading to various holidays arising around these events. For the December solstice, Christmas is the
most popular holiday to have arisen. In addition, Yalda, Saturnalia, Karachun, Hanukkah, Kwanzaa and Yule (see
winter solstice for more) are also celebrated around this time. For the June solstice, Christian cultures celebrate the
feast of St. John from June 23 to June 24 (see St. John's Eve, Ivan Kupala Day, Midsummer), while Neopagans
observe Midsummer. For the vernal (spring) equinox, several spring-time festivals are celebrated, such as the
observance in Judaism of Passover. The autumnal equinox has also given rise to various holidays, such as the Jewish
holiday of Sukkot. At the midpoints between these four solar events, cross-quarter days are celebrated.
In many cultures the solstices and equinoxes traditionally determine the midpoint of the seasons, which can be seen
in the celebrations called midsummer and midwinter. Along this vein, the Japanese celebrate the start of each season
with an occurrence known as Setsubun. The cumulative cooling and warming that result from the tilt of the planet
become most pronounced after the solstices.
In the Hindu calendar, two sidereal solstices are named Uttarayana and Dakshinayana. The former occurs around
January 14 each year, while the latter occurs around July 14 each year. These mark the movement of the Sun along a
sidereally fixed zodiac (precession is ignored) into Mesha, a zodiacal sign which corresponded with Aries about 285,
and into Tula, the opposite zodiacal sign which corresponded with Libra about 285.

Solstice determination
Unlike the equinox, the solstice time is not easy to determine. The changes in Solar declination become smaller as
the sun gets closer to its maximum/minimum declination. The days before and after the solstice, the declination
speed is less than 30 arcseconds/day which is less than 1/60th of the angular size of the sun, or the equivalent to just
2 seconds of right ascension.
This difference is hardly detectable with indirect viewing based devices like sextant equipped with a vernier, and
impossible with more traditional tools like a gnomon[10] or an astrolabe. It is also hard to detect the changes on
sunrise/sunset azimuth due to the atmospheric refraction[11] changes. Those accuracy issues render impossible to
determine the solstice day based on observations made within the 3 (or even 5) days surrounding the solstice,
without the use of more complex tools.
Ptolemy used an approximation method based on interpolation, which is still used by some amateurs. This method
consists of recording the declination angle at noon during some days before and after the solstice, trying to find two
separate days with the same declination. When those two days are found, the halfway time between both noons is
estimated solstice time. An interval of 45 days has been postulated, as the best one to achieve up to a quarter-day
precision, in the solstice determination[12] .
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See also
• Midsummer
• Winter solstice
• Zoroastrian calendar
• Iranian calendar

External links
• "Do Your Own Test: ELEVATION [13]" (html). The solstice amateur. 2001. Retrieved 2009-03-07.

Calculations, plots and tables
• "Earth's Seasons, Equinoxes, Solstices, Perihelion, and Aphelion, 2000–2020 [12]". United States Naval

Observatory, Astronomical Applications Department.
• Weisstein, Eric (1996–2007). "Summer Solstice [14]". Eric Weisstein's World of Astronomy. Retrieved

2008-10-24. "The above plots show how the date of the summer solstice shifts through the Gregorian calendar
according to the insertion of leap years."

• Solstice Dates and Times [15]

• Solstice, Equinox & Cross-Quarter Moments for 2009 and other years, for several timezones [16]

• Calculation of Length of Day [10] (Formulas and Graphs)
• Calculate the Time of Solstices in Excel, CAD or your other programs. [17] The Sun API is freeware and claimed

accurate. For Microsoft Windows Operating Systems (presumably 32-bit only) (Note DLL may run under Wine
(software)).

Debate about season start
• The seasons begin at the time of the solstice or equinox [18] (from the Bad Astronomer)
• Solstice does not signal season's start? [19] (from the The Straight Dope)

Pictures and videos
• Video of Winter Solstices Celebration at Stonehenge [20]
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Sunrise

Sunrise over the Bristol Channel, England

Sunrise is the instant at which the upper edge of
the Sun appears above the horizon in the east.
Sunrise should not be confused with dawn, which
is the (variously defined) point at which the sky
begins to lighten, some time before the sun itself
appears, ending twilight. Because atmospheric
refraction causes the sun to be seen while it is still
below the horizon, both sunrise and sunset are,
from one point of view, optical illusions. The sun
also exhibits an optical illusion at sunrise similar to
the moon illusion.

The apparent westward revolution of Sun around
the earth after rising out of the horizon is due to the
Earth's eastward rotation, a counter-clockwise revolution when viewed from above the North Pole. This illusion is so
convincing that most cultures had mythologies and religions built around the geocentric model. This same effect can
be seen with near-polar satellites as well.

Sunrise and sunset are calculated from the leading and trailing edges of the Sun, and not the center; this slightly
increases the duration of "day" relative to "night". The sunrise equation, however, is based on the center of the sun.
The timing of sunset with respect to longitude time varies with the time of year and the latitude of the viewer's
location. The precise local time of sunset depends upon the viewer's precise longitude the time zone of the viewer's
location. Small daily changes and noticeable semi-annual changes in timing of sunrise are driven by the axial tilt of
Earth and the planet's movement in its annual orbit around the sun. Some apparent anomalies exist however. In the
Northern Hemisphere, the latest sunrise does not occur on the winter solstice around December 21, but rather in
early January. Likewise, the earliest sunrise does not fall on the summer solstice around June 21, but occurs earlier in
June in the Northern Hemisphere. As one travels farther from the equator, the times of sunrise and sunset change
throughout the year. Even on the equator, sunrise and sunset shift several minutes back and forth through the year,
along with solar noon. These effects are plotted using an analemma.
Due to Earth's axial tilt, whenever and wherever sunrise occurs, it is always in the northeast quadrant from the March
equinox to the September equinox and in the southeast quadrant from the September equinox to the March equinox.
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Sunrises occur precisely due east on the March and September equinoxes for all viewers on Earth. The sunrise and
sunset times for a 12 hr day and 12 hr night do not fall on the "equinox" (equal night), since the timing of sunrises
and sunsets, and hence, the lengths of day and night vary with each viewer's particular latitude.

Colors

A sunrise with the typical orange colour in the sky (south beach of
Jamaica).

The intense red and orange hues of the sky at
sunrise and sunset are mainly caused by scattering
of sunlight by dust particles, soot particles, other
solid aerosols, and liquid aerosols in the Earth's
atmosphere. These enhanced red and orange colors
at sunrise and sunset are mathematically explained
by the Mie theory or the discrete dipole
approximation. When there are no particulates in
the troposphere, such as after a big rain storm, then
the remaining less intense reds are explained by
Rayleigh Scattering of sunlight by air molecules.
Sunrise colors are typically less brilliant and less
intense than sunset colors, since there are generally
fewer particles and aerosols in the morning air than
in the evening air. Nighttime air is usually cooler
and less windy, which allows dust and soot
particles to settle out of the atmosphere, reducing the amount of Mie Scattering. The reduced Mie Scattering
correspondingly reduces the amount of red and orange scattered light at sunrise. Sunrise color intensities can
however exceed sunset's intensities when there are nighttime fires, volcanic eruptions or emissions, or dust storms to
the east of the viewer. A number of eruptions in recent times, such as those of Mount Pinatubo in 1991 and Krakatoa
in 1883, have been sufficiently large to produce remarkable sunsets and sunrises all over the world.

Sometimes just before sunrise or after sunset a green flash can be seen. [1] [2] [3]

See also

This is a False Sunrise, a very particular kind of
Parhelion

• Dawn
• Dusk
• Day
• Day length
• Daybreak
• False sunrise
• Noon
• Sunrise equation
• Sunset
• Twilight
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Gallery

Beautiful morning at the bank of Tava Reservoir, Satpura National
Park, India

Sunrise as seen from Burnaby, British Columbia.

External links
• Sunrise Sunset Moonrise Moonset Calculation , utilizing Google Maps. [4]

• Rise/Set Calculator. Find sun position for any time/location. [7]

• Sunrise and sunset calculator [5]

• SunRise_SunSet calculator [6]

• Customized Sunset, Sunrise Calculator calendar [7]

• Sun or Moon Rise/Set Table for one Year [9]

• US Navy Sunrise and Sunset calculator [8]

• Full physical explanation of sky color, in simple terms [9]

• An Excel workbook [11] with VBA functions for sunrise, sunset, solar noon, twilight (dawn and dusk), and solar
position (azimuth and elevation); by Greg Pelletier [12], translated from NOAA's online calculators for solar
position [10] and sunrise/sunset [13]

• sun.exnatura.org [11] Online sunrise/-set calendar with interactive location finder
• Formulas to calculate sunrise and sunset [10]

• Provides sunrise/sunset times for location specified by Google Maps [12]

• Daily almanac including Sun rise/set/twillight for every location on Earth [13]

• Monthly calendar with Sun/Moon rise/set times for every location on Earth [14]

• A Video Of Sunrise [15]

• Photos Of Sunrises [16]
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Sunset

The Sun, about a minute before astronomical sunset.

Sunset is the daily disappearance of the sun below the
horizon as a result of the Earth's rotation. The
atmospheric conditions created by the setting of the
sun, occurring before and after it disappears below the
horizon, are also commonly referred to as "sunset".

The time of sunset is defined in astronomy as the
moment the trailing edge of the sun's disk disappears
below the horizon in the west. Due to refraction of light
in the atmosphere, the ray path of the setting sun is
highly distorted near the horizon making the apparent
astronomical sunset occur when the sun’s disk is
already about one diameter below the horizon. Sunset
should not be confused with dusk, which is the moment
at which darkness falls, when the sun is about eighteen degrees below the horizon. The period between the
astronomical sunset and dusk is called twilight.
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Occurrence

Sunset from orbit.

The timing of sunset with respect to longitude time
varies with the time of year and the latitude of the
viewer's location. The precise local time of sunset
depends upon the viewer's precise longitude the time
zone of the viewer's location. Small daily changes and
noticeable semi-annual changes in timing of sunset are
driven by the axial tilt of Earth, the spherical shape of
the Earth, and the planet's movement in its annual orbit
around the sun. Some apparent anomalies exist
however, the main one caused by the Earth's axial tilt
and the Earth's elliptical orbit. In the Northern
Hemisphere, the earliest sunset does not fall on the
winter solstice around December 21, but instead it
occurs earlier in December. Likewise, the latest sunset does not fall on the summer solstice around June 21, but
instead it happens later in June or in early July, depending on one's latitude. The same phenomenon exists in the
Southern Hemisphere except with the respective dates being some time before June 21 in winter and some time after
December 21 in summer, possibly in January of the following year. For one or two weeks surrounding both solstices,
both sunrise and sunset get slightly later or earlier each day. Even on the equator, sunrise and sunset shift several
minutes back and forth through the year, along with solar noon. This effect is plotted by an analemma.[1] [2]

Due to Earth's axial tilt, whenever and wherever sunset occurs, sunset is always to the northwest from the March
equinox to the September equinox, and to the southwest from the September equinox to the March equinox. Sunsets
occur precisely due west on the equinoxes, and the duration of day and night are approximately equal on the
equinoxes for all viewers on Earth (precisely 12 hours if measured from the geometric (unrefracted) centre of the
sun).
As sunrise and sunset are calculated from the leading and trailing edges of the sun, and not the centre, the duration of
"day" is slightly longer than "night". Further, because the light from the sun is bent by the atmospheric refraction, the
sun is still visible after it is geometrically below the horizon. The sun also appears larger on the horizon, which is
another optical illusion, similar to the moon illusion.

Colours

Red sunset at Lands End, San Francisco

The intense red and orange hues of the sky at sunrise
and sunset are mainly caused by scattering of sunlight
by dust particles, soot particles, other solid aerosols,
and liquid aerosols in the Earth's atmosphere. These
enhanced red and orange colors at sunrise and sunset
are mathematically explained by the Mie theory or the
discrete dipole approximation. When there are no
particulates in the troposphere, such as after a big rain
storm, then the remaining less intense reds are
explained by Rayleigh scattering of sunlight by air
molecules. Sunset colors are typically more brilliant
and more intense than sunrise colors, since there are
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generally more particles and aerosols in the evening air than in the morning air. Nighttime air is usually cooler and
less windy, which allows dust and soot particles to settle out of the atmosphere, reducing the amount of Mie
scattering at sunrise. The reduced Mie scattering correspondingly reduces the amount of red and orange scattered
light at sunrise. Sunrise color intensities can however exceed sunset's intensities when there are nighttime fires,
volcanic eruptions or emissions, or dust storms to the east of the viewer. A number of eruptions in recent times, such
as those of Mount Pinatubo in 1991 and Krakatoa in 1883, have been sufficiently large to produce remarkable
sunsets and sunrises all over the world.
While ash and soot from volcanic eruptions tends to mute sunset colors when trapped within the troposphere, when
lofted into the stratosphere, thin clouds of tiny sulfuric acid droplets from volcanoes can yield beautiful post-sunset
colors called afterglows. A number of eruptions, including those of Mount Pinatubo in 1991 and Krakatoa in 1883,
have produced sufficiently high stratospheric sulfuric acid clouds to yield remarkable sunset afterglows (and
pre-sunrise glows) around the world. The high altitude clouds serve to reflect strongly-reddened sunlight still striking
the stratosphere after sunset, down to the surface.
Sometimes just before sunrise or after sunset a green flash can be seen.[3] [4] [5]

Sunsets on other planets

Sunset on Mars.

Sunsets on other planets appear different because of the
differences in the distance from the planet to the sun
and in different atmospheric compositions.
Because Mars is farther from the Sun than the Earth is,
the Sun appears only about two-thirds the size that it
appears in a sunset seen from the Earth.[6] Although
Mars lacks oxygen and nitrogen, it is covered in red
dust frequently hoisted into the atmosphere by fast but
thin winds.[7] At least some Martian days are capped by
a sunset significantly longer and redder than typical on
Earth.[7] One study found that for up to two hours after
twilight, sunlight continued to reflect off Martian dust
high in the atmosphere, casting a diffuse glow.[7]

See also
• Afterglow
• Astronomy on Mars
• Day length
• Diffuse sky radiation
• Sunrise equation
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External links
• Accurate Sun Position Calculator - Sunrise/Sunset times worldwide [8]

• Sunsets on other planets [9] (Wikimedia Commons gallery)
• Sunrise and sunset calculator [5]

• Sunset at your location [10] by Wolfram Alpha
• Full physical explanation in simple terms [9]

• Excel workbook [11] with VBA functions for sunrise, sunset, solar noon, twilight (dawn and dusk), and solar
position (azimuth and elevation); by Greg Pelletier [12], translated from NOAA's online calculators for solar
position [10] and sunrise/sunset [13]

• sun.exnatura.org [11] Online sunrise/sunset calendar with interactive location finder
• The colors of twilight and sunset [14]
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Zenith

Diagram showing the relationship between the Zenith, the Nadir, and different
types of Horizon. Note that the Zenith is opposite the Nadir.

In general terms, the zenith is the direction
pointing directly "above" a particular
location; that is, it is one of two vertical
directions at the location, orthogonal to a
horizontal flat surface there. The concept of
"above" is more specifically defined in
astronomy, geophysics and related sciences
(e.g., meteorology) as the vertical direction
opposite to the net gravitational force at a
given location. The opposite direction, i.e.
the direction of the gravitational force is
called the nadir. The term zenith also refers
to the highest point reached by a celestial
body during its apparent orbit around a
given point of observation.[1] This sense of
the word is often used to describe the location of the Sun, but it is only technically accurate for one latitude at a time
and only possible at the low latitudes.

Strictly speaking, the zenith is only approximately contained in the local meridian plane because the latter is defined
in terms of the rotational characteristics of the celestial body, not in terms of its gravitational field. The two coincide
only for a perfectly rotationally symmetric body. On Earth, the axis of rotation is not fixed with respect to the planet
(for example due to constant displacements of its fluid components) so that the local vertical direction, as defined by
the gravity field, is itself changing direction in time (for instance due to lunar and solar tides).

Origin
The word zenith derives from the inaccurate reading of the Arabic expression سمت الرأس (samt ar-ra's) meaning
“direction of the head”/"path above the head", by Medieval Latin scribes in the Middle Ages (during the 14th
century), probably through Old Spanish. It was incorrectly reduced to 'samt' ("direction") and imprecisely written as
'senit'/'cenit' by those scribes. Through Old French 'cenith', Middle English 'senith' and finally 'zenith' 1st appears in
the 17th century[2] [3]

The Arabic word for Zenith is Zawâl, meaning "decline", that is, when the sun ceases to rise and starts to decline.
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Relevance and Use

The picture showing shadow of trees when Sun is directly above
head at Zenith. It's only possible for the Sun to be at the zenith

between the Tropic of Capricorn and Tropic of Cancer.

The zenith is used in the following scientific contexts:
• It serves as the direction of reference for measuring the

zenith angle, which is the angular distance between a
direction of interest (e.g., a star) and the local zenith,
relative to the point for which the zenith is defined.

• It defines one of the axes of the horizontal coordinate
system in astronomy.

See also

• Geodesy
• History of geodesy
• Keyhole problem
• Midheaven
• Nadir
• Subsolar point
• Vertical deflection
• Zenith distance
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