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VENUS





Introduction


Venus is the second planet from the Sun, lying between the orbits of Mercury and Earth. In size, it is a virtual twin of Earth, with a diameter 95 per cent that of Earth and a mass 81 per cent that of Earth. Venus is also slightly less dense than Earth, and its surface gravity is slightly lower. It and Mercury are the only two major planets to lack a moon (the dwarf planet Ceres is also moonless).


Venus is a brilliant naked-eye object, exceeded only by the Sun and the Moon. Under favourable conditions, it can be seen in broad daylight, even at noon, if you know exactly where to look1. Being closer to the Sun than Earth, Venus can never be seen throughout the night. Its maximum elongation (angular distance from the Sun) is 47°, and it never rises or sets more than five and a half hours before sunrise or after sunset. Maximum eastern and western elongation refers to Venus being at maximum elongation after sunset and before sunrise, respectively. Venus dominates the predawn or evening skies and is often referred to as the Evening Star or the Morning Star, although of course, it is a planet and not a star.


Like the Moon, Venus exhibits a full range of phases. This is because it is closer to the Sun than Earth, and for much of the time, portions of the unlit side are facing Earth. The gibbous and full phases occur when Venus is on the opposite side of the Sun to the Earth, and hence further away, so it is actually brighter when in the half or crescent phases. Maximum brightness occurs when about 30 per cent of the illuminated side is facing Earth. A telescope with an aperture of 50 to 100 mm (2 to 4 inch) will readily show the crescent phase, and it can just about be discerned with a pair of 7×50 or 10×50 binoculars. There are persistent claims that the crescent phase can even be seen with the naked eye by people with exceptional eyesight. However, the deep, cloudy atmosphere permanently hides the surface, and even a large telescope will show very little detail. There are persistent claims that a subtle glow known as the Ashen Light has been seen on the unlit side of Venus, but no photographs of the phenomenon exist, and it has never been viewed by space probes or the Hubble Space Telescope.


Venus takes its name from the Roman goddess of love and beauty, equivalent to the Greek Aphrodite. The Greek name for the planet is Afrodíti. The goddess Venus is the origin of the day Friday (Lat. Dies Veneris), though in English, Venus was substituted for the Norse equivalent Freyja. The French vendredi preserves the original Latin naming. The forerunner of Venus/Aphrodite in ancient Mesopotamia was the Sumerian goddess Inanna, known as the Queen of Heaven, and later worshipped by the Akkadians, Babylonians, and Assyrians as Ishtar. Inanna/Ishtar represented war and political power as well as love and beauty. The Mesopotamians also associated this goddess with the planet Venus. In pre-Columbian Mesoamerica, the Maya associated Venus with war, and its appearance in the sky was seen as a propitious time for military action. Decisive victories were marked with what is now known as the ‘Star Wars glyph’, which represented the planet above another glyph representing the defeated enemy. In Hindu texts, Venus is known as Shukra, a Sanskrit word meaning ‘clear’ or ‘bright’.


Viewed through a telescope, Venus appears tranquil, its association with love and beauty entirely apt. But beneath the shining white clouds that permanently shroud the plant, a very different picture emerges. With temperatures hot enough to melt lead and atmospheric pressures comparable to oceans at depths of one kilometre, surface conditions on Venus are hellish, more hostile than anywhere else in the Solar System.





Venus in brief


Data


Distance from Sun:

Semi-major axis: 108.208 million km (67.237 million miles; 0.723332 AU)

aphelion: 108.939 million km (67.691 million miles; 0.728213 AU)

perihelion: 107.477 million km (66,783 million miles; 0.718440 AU)

Orbital eccentricity: 0.006772

Orbital period: 224.701 days

Synodic period: 583.92 days

Orbital inclination: 3.39458°

Rotation period: 243.025 days (retrograde)

Axial tilt: 177°21' (to orbit); 3°39' (retrograde)

Diameter: 12,103.6±2.0 km (7,520.8±1.24 miles)

Density 5.243 gm cm-3

Mass: 4.8675×10 24 kg (0.815 mass of Earth)

Surface gravity: 8.87 ms -2 (0.904g)

Escape velocity: 10.36 kms -1 (6.44 miles/s)

Surface temperature: 465°C

Surface pressure: 9,300 kPa (90 atm)

Apparent magnitude: -4.92 to -2.98

Known moons: none

Magnetic field: weak, 0.000015 times that of Earth



Datum and Prime Meridian on Venus


Elevations on Venus use a sphere with a radius of 6,051.881 km (3,760.465 miles), corresponding to the mean radius of the planet. More complex definitions like those used for Mars are not required, because Venus rotates far more slowly, and is much closer to a perfect sphere. Topographic data for Venus is also of a lower resolution than that which we have for Mars.


The Prime Meridian on Venus, as on Earth, is an arbitrary point. On Venus, it was defined by the International Astronomical Union in 1986 to run through the central peak of the 23 km (14 mile) diameter crater Ariadne in the lowland plain Sedna Planitia. The feature was visible on high-resolution radar images obtained by the Arecibo Observatory, Puerto Rico, and in images obtained by the Russian Venera 15 and Venera 16 orbiters. Ariadne superseded Eve (now Eve Corona), a much larger feature (diameter 330 km (205 miles) in the Alpha Regio region. As the name suggests, Alpha Regio was one of the first regions on Venus to be identified in 1960s ground-based radar surveys of Venus.


Longitudes on Venus (and all planets other than Earth) are defined as running from 0 to 360°, increasing in a direction opposite to the planet’s direction of rotation. Were such a system to be used on Earth, the longitude of New York would be written simply as 73°56' rather than 73°56' W or -73.95, but Tokyo would be written as 286°04' rather than 73°56' E or 139.83.


Latitudes on Venus follow the same convention as Earth, running from 90°00' N to 90°00' S, but the north pole is where you would expect the south pole to be, i.e., it is at the ‘bottom’ rather than the ‘top’. The reason for this is by convention, the north pole of a planet is the pole where the planet rotates in an anticlockwise direction as viewed from above.


Did you know?


*The nearest planet: The minimum Earth-Venus distance of 40 million km (25 million miles), rather less than that of Mars, which is never closer than 56 million km (35 million miles).




*Circularity: Venus has the least eccentric orbit of any planet in the Solar System. The eccentricity is 0.006772, and the difference between its aphelion and perihelion distances from the Sun is less than 1,500,000 km (930,000 miles). The planet with the next least eccentric orbit is Neptune, with an eccentricity of 0.008678, followed by Earth with an orbital eccentricity of 0.0167086 or roughly two and a half times that of Venus.




*The longest day: Venus is the only planet in the solar system with a rotation period longer than its orbital period. It rotates on its axis once every 243.025 days, but the orbital period is only 224.701 days; in other words, a Venusian ‘day’ is longer than a Venusian ‘year’. Along with that of Uranus, the rotation of Venus is retrograde (i.e., clockwise as viewed from above the Sun’s north pole). The rotation of most other large Solar System bodies is prograde (i.e., in an anticlockwise direction as viewed from above the Sun’s north pole).




*High or low: The obliquity or axial tilt of Venus is 177°21' in relation to the plane of its orbit, but that is based on the convention that planetary rotation is always direct. If the rotation of Venus is taken to be retrograde, then the obliquity is just 3°39', which is lower than any other planet except Mercury.




*Bright: There are several historical accounts of daytime sightings of Venus. Danish astronomer Tycho Brahe (1546-1601) reported daylight sightings in both the morning and the evening in February 1587. Napoleon Bonaparte is reputed to have seen it at noon while attending a public event in Luxembourg after noticing that the assembled crowd were staring up at the sky rather than listening to him. Napoleon’s followers subsequently referred to Venus as being ‘the star of the Conqueror of Italy’. Venus was also seen in daylight during the inauguration of Abraham Lincoln for his second term as President on 4 March 1865, and it again caused a considerable commotion among those attending.




*Shadows: Venus is bright enough to cast shadows at night, a phenomenon that was first recorded by the Roman author Pliny the Elder (23-79 CE). Unlike the diffuse-edged shadows cast by the Sun or the Moon, shadows cast by Venus are sharp-edged. This is because the Sun and the Moon are extended objects, whereas Venus is effectively a point source.




*Coming together: Venus periodically passes in front of other planets as seen from Earth, but these events are rare. They are referred to as occultations (when the other planet is hidden from view) or transits (when Venus is not large enough to occlude the other planet). To date, only two occultations by Venus have ever been observed: that of Mars on 3 October 1590 and of Mercury on 17 May 1737. A transit of Saturn occurred on 29 August 1771 and of Jupiter on 3 January 1818. No planetary occultation or transit has occurred since; the next will be on 22 November 2065, when Venus again transits Jupiter, but it will be only 8° west of the Sun. Also rare are occultations of first magnitude stars. The last such occultation was of Regulus (α Leonis) on 7 July 1959. Venus will occult Regulus again in 2044 and 2271. An occultation of Spica (α Virginis) will occur in 2197 and Antares (α Scorpii) in 2400.




*Adjective: The most widely used adjectival form of Venus is, of course, Venusian, but Cytherean is sometimes encountered. The word comes from the Greek island of Cythera, the legendary birthplace of Aphrodite/Venus. Early planetary scientists argued that the common adjective ‘Venusian’ is equivalent to the inelegant terms ‘Earthian’ and ‘Jupiterian’ rather than Terran and Jovian. The latter two are derived from the Latin Terra and Jove, just as Martian (rather than ‘Marsian’) is derived from Martis. It was accordingly argued that the correct adjectival form for Venus was Venerian rather than Venusian. Another possibility was Aphrodisian from Aphrodite. Unfortunately, both terms have sexual rather than astronomical connotations, and Cytherean was proposed as an alternative. Both Cytherean and Venerian do occur in scientific journals from time to time, but Venusian remains by far the most commonly used form.




*First interplanetary flyby: NASA’s Mariner 2 became the first crewless space probe to reach another planet, when it made a fly-by of Venus on 14 December 1962, passing to within 34,773 km (21,607 miles) of the planet. The probe was based on the Ranger lunar impactor but enjoyed rather better fortune. At the time of the Venus flyby, Rangers 1 to 5 had all failed, and the Ranger program did not chalk up its first success until Ranger 7 in July 1964.




*Just passing by: A total of six probes have used Venus for a gravity assist while en route to other parts of the Solar System. This is more than for any other planet. Jupiter has featured in three gravity assists and Mars in two. Three other probes made gravity assist flybys of Venus but also returned important data from the planet. The US Mariner 10 probe returned the first pictures of Venus while
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