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Hidden danger
Er Azl

A submarine floats on the ocean. The lookout sailor searches all
around. He spots smoke in the distance. An enemy battleship is
moving towards them. The only escape is to go under water. The
captain shouts the order, “Dive! Dive! Dive! ”

Submarines are special boats. They can travel under water. Some
submarines are used to explore the oceans. They look for shipwrecks.
They look for amazing sea animals.

Most submarines belong to navies. In war time, submarines spy on
enemy ships. They might try to sink the ships with guns. They also use
torpedoes. Torpedoes are weapons. They can be fired under water.

Submarines can float on the surface of the ocean. But they can also
do something that other boats cannot. They can hide deep under the
water.
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V¥ Submarines let
a crew of sailors hide
under water.
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Floating and diving
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Some submarines weigh as much as 2500 elephants! It might seem strange
that they can float. But they can float because of forces.

Forces are pushes or pulls. They can make objects move. They can make
objects change shape.

Gravity is a force. It pulls everything towards the centre of Earth. The pull of
gravity gives an object its weight.
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Gravity makes things fall to the ground when you drop them. Gravity
can also pull objects down through water. That is why a stone sinks
when you drop it into a pond. But some objects do not sink.

When something is in water, it pushes some of the water out of its
way. The water pushes back! Try pushing a beach ball under water.
You can feel the water pushing back.
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V¥ Gravity pulls
the submarine
downwards. The water
pushes it upwards.
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How hard does the
water push back?
INBENB B K2

Water has a pushing force. It pushes up on everything in it. This is
called a buoyant force. It pushes a submarine upwards.

Weight is the force caused by gravity. Weight pulls the submarine
downwards.

* The submarine will rise if the buoyant force is greater than its weight.

*The submarine will float if the buoyant force is exactly the same as its
weight.

* The submarine will sink if the buoyant force is less than its weight.

The size of the buoyant force is different for every object. It depends on
the amount of water that the object pushes out of its way.
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The buoyant force makes it easy to lift a person in a
swimming pool. Weight pulls the person downwards. The
buoyant force pushes them upwards. It cancels out some of
the person's weight.
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V¥ The arrows show the forces
pushing and pulling on an
empty floating bottle.
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Gravity pulls the
bottle downwards.
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The buoyant force and the bottle’s The buoyant force

weight are the same size. They cancel of the water pushes
each other out. The bottle floats. the bottle upwards.
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Objects that are denser than water will ¥
sink. Objects less dense than water
will float. Objects that are the same
density as water will float too.
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A hollow submarine weighs W
the same as a submarine-sized
amount of water. It floats.
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Making metal float
iLERIFEXR

Weight pulls an object downwards. The object will only float if the
buoyant force cancels out the weight.

The upward push of water is greater if more water is displaced.
Displaced means moved out of the way. A stone displaces a stone-sized
amount of water. A submarine displaces a submarine-sized amount of
water. The buoyant force on a submarine is greater than the force on a
stone.

The density of the object is important. Density is how heavy an object
is for its size. It is the mass of an object divided by its size. Mass is
how much there is of an object. Metal is denser than water. Solid metal
weighs more than the water it displaces. It sinks.

A submarine is made of metal. But it can float. This is because it is
hollow. There is an empty space inside. This makes it bigger than the
same mass of solid metal. It displaces more water. The buoyant force is
much greater.
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Submarines have big ballast tanks. If the ballast tanks are empty, the
submarine is less dense than water. It is less heavy for its size. It floats.

To dive, the submarine must get heavier. Its weight must increase to
pull it down through the water. Its weight must become greater than the
buoyant force pushing it upwards.
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To dive, a submarine ¥«
needs to become
heavier than the
water it displaces.
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The ballast tanks are empty.
The buoyant force is the same
as the weight of the submarine.
The submarine floats.
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The crew open
small holes in the tanks.
Sea water rushes in.
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The submarine now weighs more than the
water it displaces. The buoyant force is
less than the weight of the submarine. The
submarine sinks.
BELANEETXTCHFO RN ETE, iF
T EHAEGEE, BETIT,

To dive, the crew fills the ballast tanks with water.
The density of the submarine is now greater. The
submarine is heavier than the water it displaces. The
submarine sinks.
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Water force
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Water pushes on a diving submarine from all directions. Deep in the
ocean, the force of water is enormous.

Try crushing an air-filled plastic bottle. It is easy because the plastic is not
strong. The force of your hands can squash the air into a smaller space.
But you cannot squeeze the air inside a glass bottle. The glass is much
stronger than plastic.
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A pressing force cannot W
squash something with
strong walls.
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Water presses hard on the walls of a submarine. Submarines have very
strong walls. They stop the force of the water outside from squeezing
the air inside.

The body of a submarine is called the hull. It has two layers. The first
layer is the outer hull. The second layer is the inner hull. The crew live
and work in the inner hull. The inner hull protects the crew. It protects
the air that the crew breathe. It stops them being crushed by the force
of the water outside.
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On the move
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Most submarines are powered by diesel engines. They burn diesel fuel to
release energy. The energy turns the propeller. The propeller has blades
that spin around. It pushes the submarine through the water.

Diesel needs air to burn. The diesel engines are turned off when the
submarine dives. The air on board must be saved. The crew need the air
to breathe.

An electric engine is used under water. Giant batteries store electricity.
Electricity is used to turn the propeller. It is used to light and heat the
submarine.

The diesel engine is switched back on when the submarine comes to the
surface. It recharges the batteries for the next dive.
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