Atmosphere, climate, life

Kamal Lodaya, Bengaluru
This is the first of a series of articles on the close correlation between the atmosphere, the ocean, and the weather ... and not just on Earth alone.
Moon has weather. It is hot in the day at 100o C (one Moon daytime is 15 Earth days), cold at night at -180oC (again 15 Earth days). It doesn't have much of climate. This is what keeps on happening all round the year.
Earth's distance from the Sun is the same as the Moon (15 crore km), give or take a couple of lakh kilometres. The distance to the Sun changes by about 45 lakh kilometres over the year, but this does not affect Earth very much since it is just a 3% variation. Earth has climate because its gravity allows it to hold on to an atmosphere, made up of nitrogen, oxygen and other gases.
BOX Planets and their orbits
The planets in our Solar System revolve around the Sun in almost the same plane; see the blue orbits of the planets in the picture. But dwarf planets like Pluto and Eris have orbits which are well outside this plane. Moreover, all the planets spin around an axis which may not be exactly perpendicular to the plane. For instance, you may know that the Earth's spin axis is at an angle of 23.5 degrees from the vertical. You can see from the picture that Uranus spins almost completely 'on its side'. (Have you ever wondered why all planets spin?)
End of Box

Mercury's distance from the Sun is a little less than 6 crore km. In fact all the four inner planets are very close to the Sun. See the picture which shows the distance of all planets from the Sun, along with their period of revolution. You may more often see the picture where the the distances of the inner planets are not to scale; see the picture where the colours of the planets are correct, but not their distances.
Mars also has no atmosphere
Since Mars is so close to the Sun as a result it is more than 400o C in the day and -170o C at night. It is much smaller than Earth and only a little bigger than the Moon. Like the Moon its gravity is too small to let it hold on to an atmosphere. (The light gases that made up its atmosphere slowly escaped over time.)
Venus has an atmosphere

Venus's distance from the Sun is a little over 10 crore km. Venus is around the same size as Earth; its gravity allows it to hold on to its atmosphere. Venus's atmosphere is mostly carbon dioxide, so about 90 times as dense as Earth's. This creates a greenhouse effect, heating up the whole planet to 500o C or more, whether it is day or night. It is possible that very high in its atmosphere where the temperatures are more moderate, some form of life could survive. No one really expects this. Although we haven't studied it a lot, Venus doesn't appear to have much climate variation.
Earth and its Seasons
Earth's atmosphere also creates a greenhouse effect. It is not so dense that the whole Earth is heated up to the same temperature. Earth's axis on which it rotates is tilted by 23 degrees, so that also makes a difference. When the North Pole is tilted towards the Sun, the region North of 67 degrees North latitude receives sunlight all day long (summer) at 10o C. The South Pole is tilted away from the Sun, so when it is hot and sunny at the North pole, the region South of 67 degrees South latitude is in darkness (winter) at -40o C. The entire Northern hemisphere has longer days (summer) and shorter nights. The entire Southern hemisphere has shorter days (winter) and longer nights.

We call these seasons. They are determined by the tilt of the axis. In summer the Sun is directly overhead at 23 degrees North latitude of the Equator, which is called the Tropic of Cancer. This imaginary line passes through eight Indian states: Gujarat, Rajasthan, Madhya Pradesh, Chhattisgarh, Jharkhand, West Bengal, Tripura, and Mizoram. See the line marked on the Bhopal-Sanchi highway near Salamatpur in the picture! This is called the Summer Solstice; see figure. 

Six months later at the other end of Earth's orbit around the Sun, the North Pole is tilted away from the Sun and the South Pole towards the Sun. So the Southern hemisphere has longer days (summer) and shorter nights. The Sun is directly overhead 23 degrees South latitude of the Equator, which is called the Tropic of Capricorn. This is the Winter Solstice (see figure), and at this time, the Northern hemisphere has winter.
Climate Zones on Earth
The area between these two latitudes (23 degrees North to 23 degrees South) is called the Tropics. The Equator receives sunlight at a high angle, so it is hotter, say 40o C in the day time and 15o C at night. Tropical climate is hot in summer, a little less in winter. The area between 23 degrees and 67 degrees in both hemispheres is called the Temperate zone. It has less warm summers and colder winters. The Poles receive sunlight at a low angle, so they are much colder, even in summer. The climate North of 67 degrees North latitude and South of 67 degrees South latitude is called Tundra. It has very mild summer and very cold winter.
Does Mars have seasons?
The planet Mars also has seasons, its axis is also tilted like Earth's. It is a smaller planet than Venus and Earth, its gravity is less, its atmosphere is mostly carbon dioxide but much less dense, about 1 per cent of Earth. The greenhouse effect of its atmosphere has saved Mars from the harshness of the Moon's weather. Mars is 23 crore km from the Sun, the hottest in tropical summer is 35o C, the coldest in polar winter is -110o C.

Mars has climate too. Mars could have had life in the past when it is believed it had more air. No evidence has been found but several rovers have been landed on Mars. They are travelling around on Mars and looking for evidence.
Towards Jupiter
Two spacecraft, JUICE (Jupiter Icy Moons Explorer) and Europa Clipper, are on their way to Jupiter and Europa, a moon of the giant planet Jupiter. They will reach in 2030-2031 in the hope of finding life there. Europa is one of the four moons discovered by Italian scientist Galileo Galilei with his telescope in the 17th century. These moons can be easily seen with a small telescope. Europa is as big as our Moon, so it does not have much gravity. Its axis does not have a tilt to cause seasons. Temperatures are from -160o C at the Equator to -220o C at its Poles.

We do not expect any climate there. So why send spacecraft there? Europa has a very thin oxygen atmosphere, much less than Mars, but an atmosphere. Why didn't Europa lose its atmosphere like Mercury and our Moon did with their weak gravity? The most likely cause is continuous supply of oxygen from an ocean under its surface. It is thought that primitive life forms like bacteria could survive in the ocean. The table summarizes all that we have seen above and also other moons of Jupiter.
Historical note. In most civilizations, yellowish-red coloured Mars has been seen as a god of war. Its becoming brighter is seen as presaging some conflict. Science requires the greatest humility, one should be prepared for the fact that the colour of Mars may have nothing to do with civilization. Mars is yellowish-red for the same reason that the land around us looks brown, it is covered with dust. Even after the telescope was invented, in the 19th century some scientists thought some dark shades in the brown were because of Martians building canals. The 19th century Greek-French astronomer Eugene Antoniadi argued against them, pointing out that just like we have dust storms on Earth. Mars has huge planet-wide dust storms.

In this section we did not talk of humanity or even of trees. The only form of life we mentioned is bacteria. It may be that in any place where life exists (including Earth), the most important life form may be bacteria.
To be continued
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