Fun Science Experiments: weightless water
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"It's been a long time", said Leela. "We've not played with Nivedita and Kavita for ages."

"How can you", asked Maya. "They're not even here!"

"I know," said Leela. "But we used to do such fun things when they were there."

"Here, watch me do my science experiment," said Maya. She took an old plastic bottle and made three small holes on one side with a pin.

"Now when I fill this with water, the water will come out from the holes," she said.

"The whole world knows that," said Leela with a shrug.

"No, wait," said Maya. "Look, the water jet coming out from the bottom hole is always stronger than the one from nearer the top. In fact, the water doesn't slowly leak out of the hole, which is what I thought it would do. It comes out almost horizontally, and the jet from the lowest hole shoots out the farthest."

"Yes, that's a good observation," said Leela reluctantly. "But we've learned about this in school. It's because of water pressure. There's more pressure at the bottom because of more height of water above the hole, so the water shoots out more energetically near the bottom."

She took the bottle from Maya and refilled it. She wrapped her hand over the top two holes to close them and watched the water coming out of the bottom one. Then she shook the bottle vigourously to see what would happen.

"Stop it," said Maya. "You're making the whole bathroom wet!" She grabbed the bottle and Leela grabbed it back. The bottle slipped from her fingers and flew up into the air and fell down with a crash.

"Look!" said Leela. "Did you see?"

"What?" asked Maya suspiciously. "I saw you make a mess, that's all!"

"No," said Leela impatiently. She picked up the bottle, filled it, and threw it up again and watched it fall. This time, Maya also noticed it: "the water doesn't seem to leak out when it is falling," she exclaimed.

"Yes, exactly," said Leela. "But I'm not sure, it all happens so fast."

Maya thought for a while. "Well, what's the point of living on the eighth floor if we can't use it for experiments?" she asked.

"You're brilliant!" said Leela. They both went to mother.

"Mother, we want to throw a leaky bottle down from the balcony," they said. "It's an experiment!"

Mother looked up from her book. "Make sure one of you is on the ground, and keep people away from the falling bottle. Better still, use a smaller cup rather than a large bottle so you won't injure yourselves either."

"Let's take turns," Leela said, and they did. While Maya threw the cup, Leela watched from below, and saw that the water did not spill as long as the cup was falling. When it was Leela's turn to throw the cup, she threw it up into the air and Maya noticed that the water did not leak either when it was going up or falling down. On their frequent trips up and down the lift, they were joined by a curious Chandni, Shivani and Sarah. So it was an excited gaggle of girls who finally descended breathlessly on mother, demanding an explanation.

Leela started. "I thought it was something to do with gravity; after all, it's falling due to gravity. But the water doesn't spill even when it is going upwards, so I am confused."

Mother said, "When you are walking up the stairs, is there no effect of gravity on you?"

All the children laughed, but Maya caught on at once. "Yes, there's gravity all the time, even when we throw the cup upwards. After all, if there's no gravity, the cup would never come down!"

"Yes", said Sarah, "and when the cup is in my hand, the water in it is also pulled down by gravity, but it cannot fall down because of the bottom of the cup which supports it. So it can only come out from the side when we put a hole there."

"But when the cup is falling, the water in it is also freely falling, so both are falling due to gravity," said Leela. "Since the water is able to freely fall, it does not exert any pressure on the cup, and so even if there is a hole, the water does not come out of it."

"Yes", said Mother. Since the water is falling due to gravity, the pressure on the water inside is only due to atmospheric pressure. Since this is the same everywhere, including inside and outside the hole, there is no excess pressure to push the water out through the hole."

"But what about when we throw it up?" asked Shivani. 

"It's the same thing", said Leela. “It's difficult to imagine it, but when we throw it up, again, the cup and the water are both being acted on by gravity. In some sense, the water doesn't need the cup or its base, so the cup doesn't matter. Which means there are no excess pressures and so no water comes out. She turned to mother and asked, "is this right?”

"Yes", said mother. "It's not easy to understand, but it's the same thing. Whether the cup is falling or it's been tossed upwards, it is said to be in free fall. For instance, a satellite is in free fall around the Earth. So all objects inside the satellite are also in free fall. That means gravity is the only force acting on it. So it doesn't matter if the object is falling down or going up. Sometimes this is also called weightlessness or zero-g, and the person or thing experiencing it is weightless." (In the photo from Wikipedia, astronaut Marsha Ivins demonstrates the effect of weightlessness on long hair!)

"Instant weight-loss!" said Maya, and every one laughed.

"Yes, but weight is a force, and all you are saying is that there are no forces on the body", said Leela.

"But you just said that gravity is the only thing acting on it", said a puzzled Chandni.

"Yes, but when you are on the ground, gravity is pulling you and you are not going through the ground! You are standing on it. So you are resisting the pull of gravity (actually, the floor is holding you up by opposing gravity). This is the sensation of weight. When you are falling, you are letting gravity take over, so there is no more resistance and you feel weightless."

"When people say they want to gain or lose weight, they actually want to change their mass, not their weight," explained Leela. "It doesn't mean that people on a space-ship have lost all their mass: they just don't feel the gravitational pull, and weight is mass times the acceleration due to gravity." She turned to the others. Can we think of something else to do?”

Mother said, "Have you learned about rotating forces?"

"Centripetal and centrifugal force," shouted all the children together. "Well", said mother, "what happens if you spin the cup when you throw it? If it's freely falling, there is no net force on it and so the water doesn't spill, but what happens when it's rotating?"

"The water should come out", exclaimed Leela. "Why didn't we think of that?"

With one accord all the children got up, grabbed the cup and a bottle of water and rushed off to the balcony.

