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(picture 1: music system, page 19)

[Brinda's uncle Vivek was listening to an old recording of Western classical music by the Italian composer Antonio Vivaldi.]

Vivek: Today is June 21st, so it is Summer. Do you know why the seasons occur?

Brinda: Yes, I know: the Earth is inclined.

(picture 2: equator and ecliptic, page 21)

Vivek: You mean the axis of Earth's rotation is inclined. See, in this picture, the path of the Earth around the Sun defines a plane, which we call the Ecliptic. But the Earth rotates so that its axis --which is imaginary and there is no stick hanging out like in the picture--is inclined. The angle between the Ecliptic and our Equator is 23 and a half degrees.

Brinda (innocently): Celsius or Fahrenheit?

Vivek: What do you mean ... ? (starts laughing as he sees Brinda smiling.) You want to have your joke, don't you?

Brinda: Well, it is confusing, isn't it, having degrees of angles in geometry and degrees of latitude in geography and degrees of temperature in physics on top of that!

Vivek: Not to mention my Kumbakonam degree coffee (now Brinda starts to laugh).

(picture 3: more sunlight, page 22 top)

Vivek: Okay, now that we are serious again, do you see that because of the inclination, there is more daylight in one of the hemispheres of the Earth? Summer is happening there because the axis is inclined towards the Sun. Our days are longer and we get more sunlight.

Brinda: This will mean that the Sun will rise earlier and set later in summer, but why is it hotter?

Vivek: The intensity of sunlight is higher because the Sun is high above in the sky.

Brinda: I don't understand ...

Vivek: Imagine that you are standing in space a little above the Earth holding a big cardboard one square meter in area. Wherever the Earth is in its orbit, the amount of sunlight falling on the cardboard is nearly the same.

(picture 4: areas, page 22 bottom)

Vivek: When the Sun is overhead, in the picture that is on the Tropic of Cancer, that much sunlight falls on around one square meter of the Earth's surface. But when the Sun is at an angle, say at the Tropic of Capricorn, the same amount of sunlight falls on a larger area of the Earth, because of the curvature. So if you are holding your cardboard there at the Tropic of Capricorn, it only gets about half the sunlight, so it is less hot. It is winter there.

(picture 5: shirish, page 1)

Brinda: Here is Shirish Uncle ... When did you get back from Bengaluru, Uncle?

Shirish: Just last night. I tell you, Bangalore and Madras might be at the same latitude, but Bangalore is a good 5 degrees colder.

Vivek (smiling): Degrees Celsius, you mean.

[Brinda is thinking, she does not notice.]

Brinda: Chennai is on the coast, but Bengaluru is higher. Uncle, why does it get colder as we go higher? After all, we are closer to the Sun as we go higher.

Shirish: That is a good question, young Brindavanam.

Vivek: “Closer” is a red herring. Compared to the Earth-Sun distance, a thousand metres of height makes no difference.

Shirish: Correct. As we go higher the air is thinner.

Vivek: Remember when we went to Ladakh, we had to rest for a day to get our bodies used to breathing in the thinner air?

Shirish: Exactly. Now sunlight heats up the Earth's surface and not its atmosphere. The lower atmosphere is almost transparent to sunlight. The Earth's hot surface re-radiates. The air is thinner and there is less atmosphere above acting as a greenhouse, so more of the re-radiation escapes into space. So the higher you go, the colder it is.

Brinda: Why is it hotter in a greenhouse? Is it because the sunlight is trapped and keeps circulating inside it?

Vivek: No, the glass roof of the greenhouse cannot prevent light from going out. It is the air warmed by the sunlight which is trapped inside.

Shirish: Okay, let us take that as an explanation. Now the atmosphere is pretty bad compared to glass, but molecules of water, carbon dioxide and other gases like methane and nitrous oxide do manage to trap the heat of the re-radiating Earth in a greenhouse effect. Air currents transport this heat to all over the Earth including the night side. So the daytime and nighttime temperature do not differ that much. Say at the Equator it might be 30 degrees in the day and 20 degrees at night.

Vivek: What about the direct sunlight? Does it all reach the Earth?

Shirish: No, only about 23 per cent reaches the Earth directly. About 35 per cent is reflected back to space (mostly by clouds), about 25 per cent is scattered to Earth from the blue sky and from the clouds, and about 17 per cent is absorbed by the nitrogen and oxygen in the upper atmosphere.

Vivek: So the atmosphere does a good job of insulating us from the heat of the Sun.

Brinda: What do you mean? There is no atmosphere on the Moon. Is it hotter there?

Vivek: Yes, it is hundreds of degrees there.

Shirish: No, no, only around 120 degrees C, but that is more than anywhere on the Earth.

Brinda: But Chandrayaan found ice on the Moon. How can there be ice at 120 degrees C?

(pic 6: astronaut, page 10)

Shirish: That is another good question. Think about greenhouses again.

Brinda (quickly): The Moon has no atmosphere. So all the heat from the Moon will escape and it will be cold!

Shirish: Hold on. During the daytime it is 120 degrees C, as I said. Because one side of the Moon is locked facing the Earth, daytime on the Moon lasts for about 14 earthdays and then nighttime lasts for the next 14 earthdays. At night after the Sun has set, there is nothing to hold this heat, so it gets colder and colder and at “midnight” it is around -150 degrees C.

Vivek: But then does the ice on the Moon keep melting and freezing?

(pic 7: inclination of moon's orbit, page 34)

Shirish: Ah, no, but unlike the Earth whose axis is tilted by 23 degrees, the Moon tilts on its axis only by about 2 degrees. And its orbit around the Earth is inclined to the Earth's orbit around the Sun by about 5 degrees. So the variation is not enough for the Moon to have seasons.

Vivek: So?

Shirish: Because of this lack of tilt there are craters near the poles of the Moon inside which sunlight never reaches. The Lunar Reconnaissance Orbiter measured the coldest temperature there to be around -240 degrees C. This is colder than Pluto! It is inside some of these always dark craters that Chandrayaan detected water-ice. But that was sharp of you to remind me of the ice on the Moon, Brinda.

Brinda (nonchalantly): Good enough for an ice-cream treat?
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