Experiment

with the submarine

As you have already learnt submarines
submerse into deep waters or float on the
surface of the sea by using simple physics!
They work due to buoyancy. Submarines
have the ability to switch their density and
the exerted buoyant force by using valves
and tanks.

Learning about: Buoyancy and density
Submarine
The first submarine could dive only 4 metres deep.
Today, the advancements in technology enable
submarines to dive up to 500 metres. Learn how
submarines can dive into deep waters!

Discover:
Why do ships float?
How can a submarine float or
immerse?

Level Of Difficulty

Materials Needed:
®
- Engino (STH71).
- 2 Plastic bottles & some pebbles.
- Large sink filled with water

Submarines are designed with two hulls, the
inner and the outer hull. The inner one is
used by the crew. Between the two hulls
there are empty spaces, the tanks. When
there is a need to submerse the valves are
opened and the tanks get full of water.
Therefore, the weight of the submarine
increases and due to this it starts a
downward movement. However, in order to
rise the submarine up highly compressed air
is released and forces the water to pump out
the tanks. This way the tanks are fully filled
with air, the submarine’s weight decreases
and it moves upwards.

Procedure:
1. Find the instructions to build the
Submarine model. Make sure that
the two plastic bottles are placed into
the model as it is shown on the right.
2. To perform this activity it is
essential to have a large sink filled
with water. Make sure that the sink is
large enough so that the model fits
into it. Also, it is important that it has
a depth larger than 50 cm.

20cm

6cm

- Which force surpasses the submarine’s
weight and results in the upward movement?
- Is it the same force that results in the
downward movement?
- What is basically changing when water is
added to or pumped out from the
submarines tanks?

Conduct the next page’s experiment to see
your submarine ﬂoating on the water and
then immersing into the deep!
Get ready to discover what density and
buoyant force is. Find out how these can
determine whether a submarine will ﬂoat or
sink into the sea.
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3. Remember that bottles have to be
closed for all cases. For the first
experiment leave the model on the
water surface and let it free. Observe
whether it floats or not and answer
the question of exercise 1.

1. Does the submarine float or sink? Why do you
think this is happening?
....................................................................................................
....................................................................................................

4. Take your model out of the sink
and remove the two bottles. The
image below shows an easy way to
achieve this. Then do exercise 2.

....................................................................................................

2. Fill the two bottles with pebbles
up to a quarter. It is important that
you do not add more pebbles than
suggested. Check the image on the
right which shows the suggested
amount.
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Procedure:
5. Place the bottles back into the
model and let it on water again.
Answer the question of exercise 3.

3. When pebbles are added into the two bottles,
does the submarine ﬂoat?
....................................................................................................

Fluids in nature

....................................................................................................

We are all familiar with the 3 states of matter,
which are solids, liquids and gases. A
common characteristic between liquids and
gases is the fact that they can flow and
change shape according to the volume in
which they are placed. The ability of a
material to flow is essentially the reason it is
called a fluid. The brunch of physics which
studies the behaviour of fluids is called fluid
mechanics. When studying a fluid in motion,
the field is called fluid dynamics.

4. a) There are 4 different materials which are
involved into this experiment. Can you name them?
....................................................................................................
....................................................................................................
....................................................................................................

6. Materials can be found in 3 states:
solids, liquids and gases. Different
materials are involved into this
experiment. Think which are they and
note them down in exercise 4a.
7. Each material has a unique density
that identifies the substance. Objects
with smaller densities float in
liquids with greater densities.
Having this in mind do exercise 4b
and place the four materials (see
exercise 4a) in order starting from the
one with the highest density.
8. For the last experiment, keep the
pebbles which are inside the two
bottles and fill the rest with water.
Place them back to the model and
check whether it sinks or floats.
Answer the question of exercise 5.

Theory

....................................................................................................

b) Can you place the 4 different materials in order
according to their density?

Name of Material

Force
We cannot see forces, but we can understand
their effects when they are applied on an
object. When a force is applied, it has the
ability to make the object move or change its
shape. We have to push a huge box to make
it move. When we pull a rubber band we can
see that it stretches. A can is squeezed by the
force applied from our hand. Force is a push
or pull acting upon an object. There is a
variety of types of forces. One of the most
known is the Gravity Force. The force of
gravity (also known as Weight) is the force
being applied when the Earth or any other
massively large object attracts any other
object towards itself.

High
Density

1
2
3
4

Low
Density

5. Does the model float or sink? Can you think of
how submarines manage to dive into water when
they are in mission and how they can rise back and
float on the surface?
....................................................................................................
....................................................................................................
....................................................................................................
....................................................................................................
....................................................................................................
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Hydrostatic Pressure
Pressure is stated as the amount of force
acting on an area. Fluids can exert pressure
just because the piled-up layers are pushing
the layers beneath them. Therefore, the
amount of pressure that fluids can exert due
to their weight is called hydrostatic
pressure. The hydrostatic pressure depends
on the depth, since deeper layers feel more
weight. The deeper an object is the more
pressure it feels. Moreover, denser fluids
produce stronger pressure as more mass is
condensed into the same volume.

h1
h2

1

2
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Buoyant Force

Quiz

Buoyancy can be explained by understanding
hydrostatic pressure. In fact, buoyancy is
generated due to the difference of
hydrostatic pressure between two points.
When an object is partially immersed into a
fluid, its bottom area is subjected to
hydrostatic pressure. Thus it feels an
upwards push, the buoyant force. The value
of this force is determining whether the
object will float or sink. If the force of
buoyancy is larger than the weight of the
object, then the object will float! Contrary, if
the buoyancy is smaller than the weight of
the object, it will sink! Thus, the displaced
volume is key for marine engineering.

Exercise 1
Complete the gaps of the following paragraph by using the words from the box.
buoyant, smaller, increase,
ﬂoat, greater
Submarines dive into deep waters or rise above the surface by taking full advantage of
............................. force. Submarines have the ability to ............................. or decrease that force
accordingly. When a submarine immerses into water, a large tank is ﬁlled with water. In this case

Density
Density is a measurement that compares the
amount of matter an object has to its
volume. Every pure substance has a unique
density value, thus density identiﬁes a
substance. To calculate the density (usually
represented by the Greek letter “ρ”) of an
object divide the mass of the object by its
volume. An object with much matter (mass)
in a certain volume has high density.
Meanwhile, an object with little matter (mass)
in the same amount of volume has low
density. Objects with smaller densities ﬂoat in
liquids with greater densities while objects
with greater densities sink in liquids with
lower densities. For instance, a cork ﬂoats
while a pebble sinks if placed in a cup of
water.

the buoyant force is ............................. than its weight. However, when there is need to
............................., the water is pumped out and only air is left into the tank. The buoyant force is
............................. than the submarine’s weight.

Exercise 2
3

Object A has a density of 800kg/m while object B has a density of
1200kg/m3. Both of them are placed in a container full of water that
has a density of 1000kg/m3. State which of the two objects will float
and which will sink. Explain your answer.

..................................................................................................................................
..................................................................................................................................
..................................................................................................................................

Knowledge check: check what you have learned.

From the formula it is obvious that density, mass
and volume are interrelated! As a matter of fact,
density is directly proportional to mass and
inversely proportional to volume. In other words,
the bigger the mass of an object the bigger the
density. While, the greater the volume it has the
smaller the density.
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ρ=m/V
ρ = density
m = mass
V = volume
Formula for calculating Density

B

..................................................................................................................................

..................................................................................................................................

Advanced information:

A

What is ﬂuid dynamics?
What is hydrostatic pressure?
How does the buoyant force determine if an object will sink or ﬂoat?
What is density?
How does density control whether an object will immerse or buoy?
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