Earth has a vanguard
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Asteroids are small bodies which go round the Sun in the same way the eight planets do. They are even smaller than the dwarf planets, to which category the “ninth” planet Pluto now belongs.  Ceres, the first “asteroid” to be discovered, is now classified as a dwarf planet--it is nearly 1000 kilometres in diameter.

In October 2010, an infrared telescope discovered a small asteroid, which has the temporary name 2010 TK 7. It is only 0.3 km in diameter. (Look for the small circled object in the picture). It is estimated that there are around 40 lakh asteroids of approximately this size. What makes this one special?

Most of the asteroids are in the asteroid belt between the orbits of the planets Mars and Jupiter around the Sun. When the solar system was formed, the gravitational attraction of the eight planets ensured that their orbits were cleared of almost all other planetary material.  The asteroid belt is thought to be planetary material which was not allowed to collapse into a “planet” because of the gravitational influence of the massive planet Jupiter. Earlier it was thought to be a planet broken up by Jupiter; perhaps your school textbook might say so, but today's scientists think it is more likely that there never was a planet.

Given two massive bodies in circular orbits around a common center of mass, there are five positions in space where a third body, of comparatively smaller mass, can be placed so as to maintain its position relative to the two massive bodies.

The Italian-French mathematician Joseph Louis Lagrange discovered this in the 18th century and these five places where planetary material can still remain free of disturbance from a planet (see figure) are now called Lagrange points.

Two of the Lagrange points (L4 and L5) are on the orbit of the planet itself, forming equilateral triangles with the Sun and the planet. L4 will be ahead of the planet in its orbit and L5 will be behind the planet in its orbit.

A contour plot of the effective potential of a two-body system showing the 5 Lagrange points is shown. The two body system could be the Sun and the Earth, for instance. In this case, an object such as the Moon in free-fall would trace out a contour as shown.

Lagrange's argument requires some college mathematics to understand.  Intuitively, if the asteroid were moved into a tighter orbit, it would move faster which would counteract the increase in gravity. If the asteroid moves into a wider orbit, the gravity is lower, but it loses speed. So the asteroid remains around the Lagrange point.

The first such “Lagrangian” asteroid discovered was Achilles, by the German astronomer Max Wolf in 1906. Since then these asteroids are named after people who fought in the war between the Greeks and the Trojans (like Achilles), and they are called Trojan asteroids. Although there are 4000 known Trojan asteroids ahead of and behind Jupiter, it is estimated that the actual number is much more since we can only see the larger ones from Earth.

Lagrange's argument applies to any planet. Sure enough, there are Neptune trojans and even a handful of Mars trojans, which have the same orbits as these planets. Planetary scientists have calculated that Saturn trojans may not be as stable because of Jupiter's ability to disturb their orbit. Similarly Uranus trojans would be disturbed by Saturn. There is no reason why Earth should not have trojans in its orbit, but until October 2010, no Earth trojan was known.

Of the asteroids which come close to the Earth's orbit, the most famous is Eros, which is about 10 kilometres in size. In 2001 an American rocket called NEAR reached Eros and landed on it (see photos). The photographs, taken from about 250 m above the surface, as NEAR was landing on it, shows Eros looking rather like a potato. A close-up shows its rough and pitted surface. The spacecraft survived the landing but the signals stopped coming within a month. The temperature there was 170 degrees below zero!

By the way, since July 16 this year we have the American spacecraft Dawn orbiting Vesta, a large asteroid around 500 kilometres in diameter. After spending a year there Dawn will fly to reach Ceres in 2015.

American astronomer James Scotti discovered an “asteroid”, about 10 meters in size, called 1991 VG, when it was very close to Earth (tens of thousands of kilometres). 1991 VG is an asteroid of the Arjuna family, those asteroids whose orbits are very similar to the Earth's. It is a mystery how its orbit can be stable.  Over time the Earth's gravity should bend its orbit and throw the asteroid into the Sun. Some astronomers (including Scotti) wondered whether it was part of a multi-stage rocket which somehow escaped from the Earth into a solar orbit. 1991 VG will next approach close to Earth in 2017; hopefully then we will solve the mystery.

* * *

Think about where you would look for an Earth trojan asteroid in the night sky. It would be in a direction which forms a 60-degree angle with the Sun (since the positions form an equilateral triangle). So we would have to look for it low in the sky after the Sun had set or before the Sun has risen. No such asteroid was found using the usual telescopes, which suggested that if the Earth had trojan asteroids they were rather small.

2010 TK 7 was discovered by Canadian astronomers using an infrared telescope, which is useful for finding faint and cold objects.  The asteroid is around 15 lakh kilometres ahead of the Earth (L4 point). It oscillates up and down from the plane of the Earth's orbit, but its orbit is quite stable.

Trojan asteroids in actuality do not orbit right at Lagrangian points but oscillate in tadpole-shaped loops around them; see figure above.

Now planetary scientists will be looking for an asteroid at the L5 point of the Earth's orbit. It is a very laborious task, so do not expect one to be found tomorrow.

* * *

Thinking a bit more, can we apply Lagrange's argument to the Moon's orbit around the Earth? Planetary material which managed to land up at these Lagrange points would be in stable orbit around the Earth. Is there something there going around the Earth?

In 1960 Polish astronomer Kazimierz Kordylewski claimed to have photographed dust clouds at these points, but they have not been confirmed. In 1991 the Japanese spacecraft Hiten was sent from the Earth to the Moon on an orbit using the L4 and L5 points of the Moon-Earth orbit and it did not find any evidence of dust.

On the contrary, two of Saturn's moons, Tethys and Dione, have smaller moons in each Lagrange point L4 and L5 of their orbits. So far Saturn is known to have 62 moons occupying 58 orbits!

* * *

Can an asteroid have a moon? Sure, why not? (See NASA photo.) The spacecraft Galileo visited the 58-kilometre long asteroid Ida in 1993 on its way to the planet Jupiter. Mission scientist Ann Harch spotted in the photographs that Ida has a 1-kilometre diameter moon of its own, which is now named Dactyl. Can you see it in the picture?

* * * 

The Sun–Earth L1 point is well-suited for observing the Sun 24x7 because a telescope here will never be shadowed by the Earth or the Moon. The SOHO space telescope (Solar and Heliospheric Observatory) is stationed at L1 for this reason.

The Sun-Earth L2 point is a good spot for observing the sky since it lies well outside the Moon's orbit. The Wilkinson (WMAP),  Herschel and Planck space telescopes are already placed near the Sun-Earth L2 point. The Gaia and James Webb space telescopes will join them there after they are launched.

The Earth–Moon L1 point is useful for lunar orbits. Since there is very little force on a spacecraft at L1 from either the Earth or the Moon, it is easy to move it out of this point. The Indian Chandrayaan moon mission was routed via this L1 point.
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