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MARS





Introduction


Mars is the fourth planet from the Sun, lying between the orbits of Earth and Jupiter. It is the second-smallest of the eight major planets, only exceeding Mercury in size. However, it is much larger than Pluto and any of the objects now classed as ‘dwarf planets’. It is also larger than any of the Solar System’s seven largest moons, including our own. The diameter of Mars is just over half that of Earth, or twice that of the Moon. Unlike Earth, Mars lacks oceans, so its surface area is only slightly less than that of Earth’s landmasses. Mars is less dense than Earth, and its mass is only 11 per cent that of Earth. Surface gravity is less than 40 per cent of that of Earth.


Mars is an easy naked-eye object, and when favourably placed, it is one of the brightest objects in the night sky. A telescope with an aperture between 50 and 100 mm (2 and 4 inch) will show it as a clear disk, though 115 to 130 mm (4.5 to 5 inch) and a magnification of 150x is the minimum normally required to see any detail on the surface. Bigger telescopes of 200 to 250 mm (8 to 10 inch) and a magnification of 300x will show fine details, including the classical albedo features (dark areas) and the polar icecaps. Note that higher magnifications alone are very little use without commensurately larger apertures. A 250 mm (10 inch) telescope is normally required to see the two small Martian moons, though they have been seen with a 200 mm (8 inch) telescope under favourable conditions.


The distinctive orange-red colour of Mars, shared with no other Solar System planet, is due to iron oxide on the planet’s surface. It has earned Mars its longstanding nickname, the Red Planet, but it has also led to associations with war and bloodshed. Both the name Mars and the adjectival form Martian come from Martius, the Roman god of war. In Greek, Mars is known as Aris, from Ares, the Greek equivalent of Martius. The same god is also the origin of the names of the month March (Lat. Mensis Martius) and the day Tuesday (Lat. Dies Martius). In English, Martius was substituted for the Norse god Týr (Tiw in Old English), but in French (mardi), the original name has remained. The warlike connection is found in many other cases. The Babylonian name for Mars was Nirgal, who was a Mesopotamian deity associated with war and pestilence. In Hindu texts, Mars is known as Mangala, god of anger and aggression. Tuesday is Mangalavara in Hindu, again derived from Mars.





Mars in brief


Data


Distance from Sun:

mean: 227.94 million km (141.63 million miles; 1.52 AU)

aphelion: 249.20 million km (154.84 million miles; 1.66 AU)

perihelion: 206.70 million km (128.43 million miles; 1.38 AU)

Orbital eccentricity: 0.0934

Orbital period: 687 days

Synodic period: 765–800 days (average 780 days)

Orbital inclination: 1°51'

Rotation period: 1.025957 days (1 day, 0 hrs, 37 min, 22.7 sec)

Axial tilt: 25°11'

Diameter: 6,779.0±0.4 km (4,212.3±0.25 miles)

Density 3.9335 gm cm-3

Mass: 6.4171×1023 kg (0.107 mass of Earth)

Surface gravity: 3.72076 ms-2 (0.379 g)

Escape velocity: 5.027 kms-1 (3.124 miles/s)

Surface temperature: -143 °C (polar winter) to +35 °C (equatorial summer)

Surface pressure: 0.636 kPa (0.00628 atm.)

Apparent magnitude: -2.94 to +1.86

Known moons: 2

Magnetic field: none detected


Geological timescales


Strictly speaking, the term ‘geology’ pertains only to Earth, and the Mars-specific term ‘areology’ has been favoured by some, including American science-fiction author Kim Stanley Robinson. In practice, the usual terms are ‘geology of Mars’ or ‘Martian geology’. The geological history of Mars, like that of Earth, has been divided into timescales. Four periods, based on impact crater densities, have been identified. They have each been named for large-scale features on Mars that date to the period in question. They are as follows:




Pre-Noachian: The period from the formation and internal differentiation of Mars 4.603 billion years ago to the formation of the Hellas impact basin, 4.1–3.8 billion years ago. Due to subsequent geologic processes, few features from this period survive. However, the crustal dichotomy between the northern and southern hemispheres is thought to date to the pre-Noachian, as do the Argyre and Isidis basins.




Noachian: Named for Noachis Terra; dates from the formation of the Hellas impact basin, 4.1–3.8 billion years ago, to the formation of Hesperian Planum around 3.5 billion years ago. The period was characterised by extensive asteroid impacts and the possible existence of large bodies of water on the surface. Surface features from this period are heavily cratered. The volcanic Tharsis region dates to the Noachian, as do features arising from the presence of liquid water on the surface. The latter include widely distributed dendritic (branched) valley networks.




>Hesperian: Named for Hesperia Planum; dates from its formation 3.5 billion years ago to the formation of Amazonis Planitia 3.0 billion years ago, although these dates are subject to considerable uncertainty. The Hesperian was a transitional period from the warmer, wetter conditions of the Noachian to the cold, arid conditions of the current Amazonian. This period was characterised by widespread volcanic activity and the formation of extensive lava plains. The formation of shield volcanoes, including Olympus Mons, began during this period. Outburst floods produced large outflow channels across the surface, and lakes or seas might have formed in the northern lowlands.




Amazonian: Named for Amazonis Planitia; dates from its formation 3.0 billion to the present day. Regions dating to this period are less cratered than older regions. Geologic processes, including lava flows and glacial activity, have continued. Releases of liquid water have occurred, but on a smaller scale.


Datum and Prime Meridian on Mars


On Earth, elevations use sea level as a datum, but in the absence of any oceans on Mars, another datum had to be chosen. Originally, zero elevation was defined as being the point where atmospheric pressure is 611.657 Pa (0.00603659 atm), corresponding to the thermodynamic triple point of water. In 2001, a new definition known as the areoid was adopted. This is based on the geoid concept used on Earth, i.e., a model of global mean sea levels that is used for precise surface elevations. It represents the shape the oceans would take if they were influenced only by Earth’s gravity and rotation. It takes into consideration variations in gravity due to the Earth not being a perfect sphere and to local topography.


The areoid is defined as a surface of constant gravitational plus rotational potential. At any given longitude and latitude on Mars, zero elevation has a potential equal to the mean potential at a radius of 3,396 km (2110.177 miles). This distance corresponds to the mean radius of Mars at the equator, rounded down. Although the equatorial radius averages 3396.195 km (2110.298 miles), it varies from 3390.219 to 3411.522 km (2106.584 to 2119.821 miles).


The Prime Meridian on Mars, as on Earth, is an arbitrary point. In 1830, German astronomers Johann Heinrich von Mädler (1794–1874) and Wilhelm Beer (1797–1850) selected a prominent dark feature near the equator for their maps of Mars. The feature was named Sinus Meridiani by Camille Flammarion in the late 1870s, although it was not approved by the International Astronomical Union until 1958. After the Mariner 9 mission, a small crater in the region was chosen by Merton Davies of the Rand Corporation for the definition of 0.0° longitude to coincide with the original selection. The crater lies inside Airy, a much larger crater named for the British astronomer Sir George Biddell Airy (1801–1892) and was given the name Airy-0. Airy was Astronomer Royal from 1835 to 1881 and built the transit circle telescope at the Greenwich Observatory through which Earth’s Prime Meridian now runs.


Timekeeping on Mars


The Martian day or sol is only 39 minutes and 35 seconds longer than a terrestrial day, although the Martian year (668 sols or 687 terrestrial days) is almost twice as long as a terrestrial year. Since the Martian and terrestrial days are so similar in length, planetary scientists and rover operations teams have frequently worked in Martian time, using Martian hours of 1/24 th of a sol1.


More recently, the Mars community has adopted a system of enumerating Mars years (MY), with MY 1 having begun on 11 April 1955, the day of the spring equinox on Mars (formally, the solar longitude (LS) on Mars was zero)2. To extend the system to reference earlier telescopic observations, it was later proposed to define Martian Year Zero as beginning on 24 May 1953, with earlier MYs being denoted with a negative number1. This will avoid problems analogous to those caused by the lack of a zero in the Common Era/Christian calendar.


Variations in axial tilt and orbit


The obliquity or axial tilt of Mars is currently very similar to that of Earth: 25°11' against 23°26', but it is subject to far greater variation due to the gravitational influence of other planets. For Earth, these perturbations are largely counteracted by the Moon, restricting variations to the range from 22°00' to 24°30' over a 41,000-year cycle. Phobos and Deimos are far too small to have a similar stabilising effect on Mars, and the axial tilt has ranged from 13° to 40° over timescales of about 10 to 20 million years. At times of high obliquity, the seasonality of the climate would be extreme, and icecaps would either melt or sublime in summer. These effects are further complicated by variations in orbital eccentricity. The eccentricity of the Martian orbit varies from almost circular to a maximum of 0.14 over 96,000 years. It is currently at high eccentricity (0.0934), but this is increasing further and will reach 0.105 in 24,000 years. For comparison, the eccentricity of Earth’s orbit is currently 0.01671 and varies from almost circular to 0.0679 over around 100,000 years.


Did you know?


*Popular: A Google search on Mars brings up more hits than any other planet in the Solar System, apart from Earth.




*Martian or martian? Planetary scientists commonly use a lower-case ‘m’ when referring to the Red Planet in the adjectival form. They are entirely correct; note, for comparison, that the adjectival forms for the Earth, Moon, and Sun (terrestrial, lunar, and solar, respectively) are rarely capitalised. Strictly speaking, Martian (capitalised) refers only to (typically hostile) aliens from Mars. However, a quick glance at Patrick Moore’s New Guide to the Planets3 confirms that Sir Patrick Moore did not adopt this convention, and as it seems a bit strange to me, I shall not be doing so either.




*The tallest mountain? The shield volcano Olympus Mons has a summit elevation of 21,000 m (69,200 ft) above the datum; it is 2½ times higher than Mount Everest above sea level and more than twice the base-to-tip height of Mauna Kea. Its claim to be the Solar System’s tallest mountain has been challenged by the central peak of the impact crater Rheasilvia on the asteroid Vesta, which rises 20,000–25,000 m (65,000–82,000 ft) from the base of the crater. However, there is a degree of uncertainty in the measurement of Rheasilvia. Olympus Mons is 600 km (370 miles) in diameter, comparable in size to the state of New Mexico.




*Not the only red one: Mars is the only visibly red planet in the night sky, but the first-magnitude stars Arcturus, Betelgeuse, and Antares also have a clear orange-red hue. Indeed, Antares means ‘rival to Ares’, i.e., Mars.




*Not the closest: Mars and Earth can approach one another to within 56 million km (35 million miles), but this is further than the minimum Earth-Venus distance of 40 million km (25 million miles).




*On average: Mars is only the third closest planet to Earth. Although Mercury never comes closer than 92 million km (57 million miles), its average distance from Earth is less than that of Mars. However, by this definition, Mercury is the closest planet to any object lying outside its orbit, including Pluto.




*Eccentric: Mars has the most eccentric orbit of any of the major planets, apart from Mercury. Consequently, its distance at opposition varies from 56 million kilometres (35 million miles) when at or close
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