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“Maya, what are you watching? I've been looking at you and you've been in the same place for the last half an hour! It must be a record of sorts!”, said Leela. 

Maya turned from the balcony and looked at Leela who was working at the desk inside the room. 

“I've been watching the little birds. I don't know what they are called, the little brown ones, in the nest in that tree,” said Maya. 

“Babblers?” said Leela. 

“Ah, yes,” said Maya. “I was wondering how the babies sit so comfortably there without fear of falling out. You know, just look at us: here we are, in this balcony, barricaded in, with bars in the windows and other things to keep us safe. But those birds, if they lean over too far, they'll fall out, and they appear too young to fly. I guess the nest is made carefully so they are safe inside.”

Leela came out to the balcony and looked at the nest, but she was clearly thinking of something else. 

“You know, I was thinking of this only the other day,” she began.

“About falling out?” asked Maya.

“No, no,” said Leela. “About this Earth.” Then, as Maya looked blank, she continued, “You know, we, I mean, all living things, live on this Earth, and it's like it's made specially for us.” Maya continued to look blank, so she went on, “Just think, all those astronauts going off to outer space: they have to carry water and oxygen to breathe and I don't know what else. But here on Earth I can go anywhere and find what I need to live naturally.”

“You are right,” said Maya enthusiastically. “Even when we went to Manali and the Rohtang Pass, there was enough air to breathe so high up. And our teacher told us that many people have now climbed Mount Everest without oxygen, though it's tough. Which means there must be enough air there too. But I guess there's no water in the desert and you can't breathe under the sea!”

“Well,” said Leela, somewhat impatiently, “there are living things in the desert too, only perhaps they are specially adapted to living in such difficult places.”

“Yes, and there are oases in the desert, too,” added Maya. 

“And I read about scientists living in the South Pole,” said Leela. So perhaps it's possible that you can live almost anywhere on Earth. Or, more correctly, that life exists almost everywhere on Earth.”

“But you can't live on the Moon, can you?” asked Maya. “Remember those pictures of Moon landings in Jantar Mantar; those astronauts were all dressed in space suits.”

“Yes, there's no atmosphere on the Moon,” said Leela. 

“What do you mean, no atmosphere,” asked Maya. “Why not?”

Leela thought for a while. “I remember reading about it,” she said at last. “But I am not sure why. Let me think.”

At that time Mother walked in. “What are you two doing?” she asked. “Watching the birds,” said Maya. “Thinking,” said Leela at the same time. Both laughed.

“Mother, the Moon has no atmosphere, right?” asked Leela. 

“Yes,” said Mother. “But why is that so?” asked Maya. 

“Atmosphere just means the air above and around us, isn't it?” asked Leela. And then, as Mother nodded, she continued, “I've learned that the air contains different types of gases like nitrogen, oxygen and carbon-dioxide and also some water vapour. So it's like these gases are attracted to the Earth in some way, so that they are held in place. Otherwise the Universe is so vast and so empty that they would have been simply swept away.”

“What can hold them?” asked Maya. “Well, we are held down by gravity, but how can you hold a gas? Whenever you open a soft-drink bottle, the carbon-dioxide gets lost in a while.”

“But gravity attracts anything that has a mass, and even gases have mass,” said Leela. “So, let's think, what is different about the Moon?”

“It's much smaller, for a start,” said Maya. 

“That's it,” said Leela. “The gravity on the Moon's surface must be a lot smaller than on Earth. So it's not enough to hold the gases together into an atmosphere.”

“Yes,” said Mother. The gravity on Moon's surface is only about 1/6th that on Earth.”

“Both of you keep saying `at the surface',” said Maya. “Does it matter?”

“The pull of gravity is measured by acceleration due to Earth's gravity, written as g. It was Newton who said that any two masses attract due to gravitational forces. The force between them is proportional to the product of their masses and falls off as the square of the distance r between them.” She turned to the little black-board on the wall and wrote,

Force = G m1 m2/r2 .

“The constant of proportionality G is called Newton's constant and is the same for any pair of masses. Earth pulls any object on Earth with its entire mass, M. If this object is on the surface, the distance is the radius of the Earth. As the distance increases, the force of gravity decreases. So Earth pulls objects in air less than objects on Earth.”

“So if I jump in the air, Earth pulls me less and I should never come down!” said Maya.

“Nice point,” said Mother. “But the Earth is so massive that the little amount you jump hardly changes the gravitational pull. You have to go really far away to stop feeling it.”

“What happens if you go deep inside the Earth?” asked Leela. “For instance, if you are in the exact centre of the Earth, the Earth should pull you equally in all directions so the net force on you will be zero!”

“That's right,” said Mother, as Maya quickly stopped sniggering. “In fact, if you think it through, that should tell you that Earth's gravity decreases almost uniformly as you travel towards its centre.” (See figure).

Leela said, “We've learned that the force with which the Earth pulls us is our weight, so if my mass is m, the force or weight is m times g. But if you look at the force equation you have written, then the force between Earth and me should be G M m/r2.”

“They're the same,” said Mother. “You've just shown that g = G M/r2! In fact, if you measure g and know the mass M and radius r of the Earth, you can find G and then you will know the force between any two masses in the Universe!” 

“So, if Earth were bigger, the atmosphere will be thicker and we'll have more air to breathe,” said Maya. “Maybe Jupiter or Saturn are good choices!”

“It's not just the thicker air. If the Earth were bigger, it would hold back molecules like sulphur dioxide which are poisonous. So too small an Earth would have no atmosphere like the Moon. Too large an Earth will not have the right mix of gases for us to breathe! By the way, Jupiter, Saturn, Uranus and Neptune are not even solid: they are mostly gas, so there is no real surface to live on. They are called Gas Giants; they are at least 10 times heavier than the Earth.” (See the picture on the inside back cover).

“So Earth's size is just perfect,” said Maya.

“It's not just the size,” said Leela. “Mars and Venus are not so different in size but I can't imagine life on a hot and dusty or cold planet. We learned that the water in oceans is also responsible for Earth not to get too hot or too cold. And of course, we know all about the land and sea breezes. So the large amount of water on Earth is also important to make it comfortable for us to live in.”

“It can't be just the atmosphere and the water,” said Maya. “If we were much farther from the Sun like Mars it would be much colder, so even the distance to the Sun has to be just right.”

“It's an interesting point,” said Mother. “Mars has almost the same gravity as the Earth. In fact, it is also tilted on its axis so it has seasons just like on Earth but it is very cold there. While Venus has a very dense atmosphere so it is too hot!”

“What is the use of being tilted on its axis?” asked Maya. 

“Well, we've learned about seasons, right?” asked Leela. “If the Earth is not tilted, then each place on Earth will always see the Sun from the same angle and so would always have the same length of day or night. Then some places would be perfect to live in while in other places the temperature change between day and night would be too extreme for comfort.”

“What a wonderful thing Earth is,” said Maya. “Not just the bird's nest, but every single thing about it!”

“Well,” said Mother, “since you brought back the discussion to life and living things, there's one more thing about Earth that makes it perfect for life. Can you guess what it is?”

Leela and Maya were thinking. “Food,” said Leela. “We've talked about air and water, so it must be to do with food.”

“Very good,” said Mother. “Of course, all living beings are food for each other: you know smaller animals eat plants, tigers and other bigger animals eat smaller animals or plants, and so on. But what's so special about Earth?”

“Ultimately it comes down to plants as food, right? That means sunlight from the Sun, carbon-dioxide from the air, and nutrients from the soil. Aha, I got it: it's the soil that's special too, correct?”

“Perfect,” said Mother. “The combined action of Nature makes soil which is not found on any other planet. Soil, water and air, along with sunlight together sustain life on this Earth.”

“It's curious,” said Leela. “How so many things are just perfect for life on Earth. Now I understand why astronomers are looking for Earth-like planets. It's hard to believe life can be found anywhere else.”

“Life on Earth is perfect enough for me, thanks,” said Maya. “I don't need to look elsewhere.” And she went back to watching her favourite birds in their nest.

But Leela was thoughtful all that day. Just one perfect Earth, she thought. Just one planet in the entire Universe that seems to support life. Surely we should care for and protect it in every way we can. Don't you agree?

Aside: What does it really mean when you say that the Earth attracts you with a force m times g? Think of a ball of mass m being dropped from a height. Its mass m is a constant and so is g; but its velocity keeps on increasing since the force never switches off. The picture shows the position of the ball at equal intervals of time taken with a strobe light flashing 20 times a second. So each picture was taken 1/20 secs apart. You can see that the position of the ball changes more and more with time since it is falling faster and faster. If the distance travelled in the first time interval is 1 unit, then it has travelled 4 units in the second interval, 9 units in the third and so on.
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