
People have been using a great variety of boats and ships for 
thousands of years and during that time they developed ever 
greater expertise in boat design, loading and navigation – mainly 
through trial and error. As they became more adventurous they 
built bigger ships that could carry more cargo and could travel 
faster and further. With these developments there came the 
need for more accurate methods of determining distance, 
speed and position at sea. Although boat-building is still largely 
an art in many cultures modern ship design is more dependent 
on the application of scientifi c principles.

The Irish Maritime Development Offi ce (IMDO) is the State 
Agency responsible for the development and promotion of the 
Irish shipping services sector and related industries. Since its 
creation, the offi ce has focused on implementing a strategy that 
will underpin the long-term sustainable development of the Irish 
shipping services sector. 

The shipping services sector in Ireland is a dynamic multifaceted 
industry and it contains many different niche components such 
as maritime fi nance, banking, legal and technology sectors, 
shipbroking, ship management, ship ownership, ship agency, 
Ports, liner shipping, education and training. When combined, 
these segments form an essential part of the Irish economic 
strategic infrastructure that facilitates the Irish economy to connect 
with the global market. A key component of this industry, is its 
lifeblood, the seafarer.

Life at Sea
Life at sea has always appealed to young people who want to 
combine travel with a challenging career offering exciting future 
prospects. This is the life for those who relish the challenge 
of working with the sea — one of Nature’s most powerful and 
temperamental elements.

Ships carry 95% of world’s traded goods, and seaborne traffi c 
is forecast to double by the year 2010. This is generating a great 
demand for high-quality personnel to manage and operate today’s 
technically sophisticated ships. Ship’s Offi cers are key members of 
a highly qualifi ed team, whether on a giant supertanker, a container 
ship, a cross-channel ferry, 
a cruise liner, a specialised 
vessel servicing the offshore 
oil industry or on a small 
cargo ship. 

National Maritime College
of Ireland (NMCI)     

Merchant Navy Offi cers 
are trained at Ireland’s new 
National Maritime College, 
located in Cork harbour 
close to Haulbowline Naval 
Base. A combination of state 
of the art fi re fi ghting, sea 
survival & simulator facilities 
ensure that the NMCI leads 
the world in navigation & 
marine engine technology.  

What is buoyancy?
When a body of fi xed volume is immersed in water it experiences an 
upward force; the size of the force increases until the body is fully 
submerged and after that it does not change. It is worthwhile investigating 
this for yourself. (See experiment. 2)

As you should have discovered the upward force or upthrust can be quite 
signifi cant. When a sealed 2 L bottle (containing air) is fully submerged 
the upthrust is equivalent to the weight of 2 kg (i.e. about 20 N); this is the 
amount of force required to push the bottle under the water. If the bottle 
is full of water, then when the bottle is fully submerged, the upthrust 
is balanced by the weight of the water. The upward thrust is known as 
buoyancy. If buoyancy exceeds weight of object, then the object fl oats. 
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Fig.2  Some nautical terms

You can fi nd out more about the work of the IMDO 
and NMCI at www.imdo.ie, www.nmci.ie or at 
www.sta.ie

How does a steel ship fl oat?
A block of steel will sink in water but if it is reshaped so that it displaces at 
least eight times its own volume then it will fl oat. If it displaces 1000 times 
its own volume then it will be able to fl oat and carry almost 1000 times its 
own weight of goods as well.

Why is the stability of ships so important? 
The centre of mass (or centre of gravity) of a body is the point though 
which its weight acts. For a rigid body such as a ship this is a fi xed point 
relative to the ship — so long as the load does not move about. 

The centre of buoyancy is the point through which the buoyancy force 
or upthrust acts. This however is not a fi xed point; it is the geometric 
centre of the displaced volume of water or, alternatively, the geometric 
centre of the submerged part of the ship. As the ship tilts the shape of 
the displaced body of water changes and the centre of buoyancy moves 
– usually in the same direction as the tilt. For stability in the water the 
centre of buoyancy should move further than the centre of gravity.

If the load on a ship is stacked very high then the centre of gravity rises; if 
it becomes so high that it can sway beyond the centre of buoyancy then 
the ship will be unstable and will easily capsize. So the distribution the 
load on a ship is an important factor in its stability.

Just as the position of a skater’s arms affects the rate of spinning, the 
lateral distribution of a ship’s load affects the period of its rolling.

What other technologies are related
to shipping?
In many ways the development of science and technology was 
infl uenced by the requirements of navigation and many newly-developed 
technologies found their earliest use on ships. 

Until the 20th century navigation depended on accurate measurement of 
speed and direction and meticulous plotting of a ship’s position on a map. 

These positions were then 
checked by measuring the 
angle of the Sun or the position 
of stars; these readings were 
useless unless the time was 
known accurately. The race 
to develop a chronometer for 
use on ships is a fascinating 
story in itself.

The development of radio 
communication  (‘wireless 
telegraphy’) in the 1890s 
improved navigation by 
providing    time synchronisation, 
rudimentary directional information and the possibility of requesting 
help in case of emergency. The radio transmitters emitted bursts of radio 
frequency waves as Morse code. By the 1920s voice communication had 
been introduced; this involved changing the strength of the radio signal 
to match the variation in the audio signal (speech) – a process called 
modulation. It required more complex transmitters and receivers and 
was more prone to interference than the simpler Morse transmission; for 
this reason Morse code radio communication remained in general use 
until the advent of satellite communication. 

The invention in 1884 and subsequent development of a practical 
steam turbine engine by Charles Parsons was a major advance in ship 
propulsion. It was ten times more effi cient than a steam engine and 
could propel ships at 30 knots.

Plimsoll mark
A ship sinks in water until it has displaced its own weight of water. It will 
fl oat higher in saltier, denser water than in less dense warm, fresh or 
brackish water. This must be taken into account when ships are loaded. A 
Plimsoll mark painted on the outside of a ship indicates the loading limit 
for different seas. It is named after the 19th-century English politician 
Samuel Plimsoll who devised it. A ship should not be loaded to such and 
extent to put the relevant Plimsoll mark below water level.
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Why do some objects fl oat and others sink?
Is it true that heavy things sink and light things fl oat? At fi rst sight this 
seems reasonable but on closer examination it is found to be inaccurate. 
If items having the same weight but made of different materials (e.g. 
wood, stone, wax, copper, steel etc.) are placed in water some will sink 
and others will fl oat. The ‘sinkers’ are the same weight as the ‘fl oaters’ 
so what distinguishes them? In this case the sinkers will be found to be 
the physically smaller items – that is, smaller in volume. So we could say 
that the sinkers are heavier for their size than the fl oaters.

Alternatively if we had a selection of items that were all the same physical 
size (e.g. 1 cm3) we would fi nd again that some would fl oat and others 
would sink; in this case the sinkers would be heavier that the fl oaters. So 
whether something fl oats or sinks depends not just on its weight or its 
volume but on both. Materials or bodies that are more than 1 gram per 
cubic centimetre will sink in fresh water, while those that are less than
1 gram per cubic centimetre will fl oat. This relationship between mass 
and volume is what the concept of density describes. In simple terms, 
dense materials are relatively heavy for their size.

The density of fresh water is 1 g/cm3 or 1 kg/dm3 (one kilogram per cubic 
decimetre). The density of wood is around 0.8 g/cm3; this is less than 
the density of water and so it fl oats. The density of iron is about 8 g/cm3 
and so it sinks in water.

The density of salty water can be a much as 10% greater than that of 
fresh water – i.e. up to 1.1 g/cm3. An egg will sink in fresh water but it will 
fl oat in very salty water; the density of the egg is greater than the density 
of fresh water but less than the density of the salty water.

Fig.3    Chronometer as developed in 
1770 by John Harrison
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Fig.1  A loaded container ship
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been introduced; this involved changing the strength of the radio signal 
to match the variation in the audio signal (speech) – a process called 
modulation. It required more complex transmitters and receivers and 
was more prone to interference than the simpler Morse transmission; for 
this reason Morse code radio communication remained in general use 
until the advent of satellite communication. 

The invention in 1884 and subsequent development of a practical 
steam turbine engine by Charles Parsons was a major advance in ship 
propulsion. It was ten times more effi cient than a steam engine and 
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The density of salty water can be a much as 10% greater than that of 
fresh water – i.e. up to 1.1 g/cm3. An egg will sink in fresh water but it will 
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the upthrust is equivalent to the weight of 2 kg (i.e. about 20 N); this is the 
amount of force required to push the bottle under the water. If the bottle 
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least eight times its own volume then it will fl oat. If it displaces 1000 times 
its own volume then it will be able to fl oat and carry almost 1000 times its 
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Why is the stability of ships so important? 
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or upthrust acts. This however is not a fi xed point; it is the geometric 
centre of the displaced volume of water or, alternatively, the geometric 
centre of the submerged part of the ship. As the ship tilts the shape of 
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In many ways the development of science and technology was 
infl uenced by the requirements of navigation and many newly-developed 
technologies found their earliest use on ships. 
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frequency waves as Morse code. By the 1920s voice communication had 
been introduced; this involved changing the strength of the radio signal 
to match the variation in the audio signal (speech) – a process called 
modulation. It required more complex transmitters and receivers and 
was more prone to interference than the simpler Morse transmission; for 
this reason Morse code radio communication remained in general use 
until the advent of satellite communication. 

The invention in 1884 and subsequent development of a practical 
steam turbine engine by Charles Parsons was a major advance in ship 
propulsion. It was ten times more effi cient than a steam engine and 
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The density of salty water can be a much as 10% greater than that of 
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strategic infrastructure that facilitates the Irish economy to connect 
with the global market. A key component of this industry, is its 
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is forecast to double by the year 2010. This is generating a great 
demand for high-quality personnel to manage and operate today’s 
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What is buoyancy?
When a body of fi xed volume is immersed in water it experiences an 
upward force; the size of the force increases until the body is fully 
submerged and after that it does not change. It is worthwhile investigating 
this for yourself. (See experiment. 2)

As you should have discovered the upward force or upthrust can be quite 
signifi cant. When a sealed 2 L bottle (containing air) is fully submerged 
the upthrust is equivalent to the weight of 2 kg (i.e. about 20 N); this is the 
amount of force required to push the bottle under the water. If the bottle 
is full of water, then when the bottle is fully submerged, the upthrust 
is balanced by the weight of the water. The upward thrust is known as 
buoyancy. If buoyancy exceeds weight of object, then the object fl oats. 
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You can fi nd out more about the work of the IMDO 
and NMCI at www.imdo.ie, www.nmci.ie or at 
www.sta.ie

How does a steel ship fl oat?
A block of steel will sink in water but if it is reshaped so that it displaces at 
least eight times its own volume then it will fl oat. If it displaces 1000 times 
its own volume then it will be able to fl oat and carry almost 1000 times its 
own weight of goods as well.

Why is the stability of ships so important? 
The centre of mass (or centre of gravity) of a body is the point though 
which its weight acts. For a rigid body such as a ship this is a fi xed point 
relative to the ship — so long as the load does not move about. 

The centre of buoyancy is the point through which the buoyancy force 
or upthrust acts. This however is not a fi xed point; it is the geometric 
centre of the displaced volume of water or, alternatively, the geometric 
centre of the submerged part of the ship. As the ship tilts the shape of 
the displaced body of water changes and the centre of buoyancy moves 
– usually in the same direction as the tilt. For stability in the water the 
centre of buoyancy should move further than the centre of gravity.

If the load on a ship is stacked very high then the centre of gravity rises; if 
it becomes so high that it can sway beyond the centre of buoyancy then 
the ship will be unstable and will easily capsize. So the distribution the 
load on a ship is an important factor in its stability.

Just as the position of a skater’s arms affects the rate of spinning, the 
lateral distribution of a ship’s load affects the period of its rolling.

What other technologies are related
to shipping?
In many ways the development of science and technology was 
infl uenced by the requirements of navigation and many newly-developed 
technologies found their earliest use on ships. 

Until the 20th century navigation depended on accurate measurement of 
speed and direction and meticulous plotting of a ship’s position on a map. 

These positions were then 
checked by measuring the 
angle of the Sun or the position 
of stars; these readings were 
useless unless the time was 
known accurately. The race 
to develop a chronometer for 
use on ships is a fascinating 
story in itself.

The development of radio 
communication  (‘wireless 
telegraphy’) in the 1890s 
improved navigation by 
providing    time synchronisation, 
rudimentary directional information and the possibility of requesting 
help in case of emergency. The radio transmitters emitted bursts of radio 
frequency waves as Morse code. By the 1920s voice communication had 
been introduced; this involved changing the strength of the radio signal 
to match the variation in the audio signal (speech) – a process called 
modulation. It required more complex transmitters and receivers and 
was more prone to interference than the simpler Morse transmission; for 
this reason Morse code radio communication remained in general use 
until the advent of satellite communication. 

The invention in 1884 and subsequent development of a practical 
steam turbine engine by Charles Parsons was a major advance in ship 
propulsion. It was ten times more effi cient than a steam engine and 
could propel ships at 30 knots.

Plimsoll mark
A ship sinks in water until it has displaced its own weight of water. It will 
fl oat higher in saltier, denser water than in less dense warm, fresh or 
brackish water. This must be taken into account when ships are loaded. A 
Plimsoll mark painted on the outside of a ship indicates the loading limit 
for different seas. It is named after the 19th-century English politician 
Samuel Plimsoll who devised it. A ship should not be loaded to such and 
extent to put the relevant Plimsoll mark below water level.
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Why do some objects fl oat and others sink?
Is it true that heavy things sink and light things fl oat? At fi rst sight this 
seems reasonable but on closer examination it is found to be inaccurate. 
If items having the same weight but made of different materials (e.g. 
wood, stone, wax, copper, steel etc.) are placed in water some will sink 
and others will fl oat. The ‘sinkers’ are the same weight as the ‘fl oaters’ 
so what distinguishes them? In this case the sinkers will be found to be 
the physically smaller items – that is, smaller in volume. So we could say 
that the sinkers are heavier for their size than the fl oaters.

Alternatively if we had a selection of items that were all the same physical 
size (e.g. 1 cm3) we would fi nd again that some would fl oat and others 
would sink; in this case the sinkers would be heavier that the fl oaters. So 
whether something fl oats or sinks depends not just on its weight or its 
volume but on both. Materials or bodies that are more than 1 gram per 
cubic centimetre will sink in fresh water, while those that are less than
1 gram per cubic centimetre will fl oat. This relationship between mass 
and volume is what the concept of density describes. In simple terms, 
dense materials are relatively heavy for their size.

The density of fresh water is 1 g/cm3 or 1 kg/dm3 (one kilogram per cubic 
decimetre). The density of wood is around 0.8 g/cm3; this is less than 
the density of water and so it fl oats. The density of iron is about 8 g/cm3 
and so it sinks in water.

The density of salty water can be a much as 10% greater than that of 
fresh water – i.e. up to 1.1 g/cm3. An egg will sink in fresh water but it will 
fl oat in very salty water; the density of the egg is greater than the density 
of fresh water but less than the density of the salty water.

Fig.3    Chronometer as developed in 
1770 by John Harrison

Fig.4  Plimsoll markings

TF Tropical fresh water
F Fresh water
T Tropical salt water
S Salt water in summer
W  Salt water in winter
WNA Winter in North Atlantic
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Fig.1  A loaded container ship

People have been using a great variety of boats and ships for 
thousands of years and during that time they developed ever 
greater expertise in boat design, loading and navigation – mainly 
through trial and error. As they became more adventurous they 
built bigger ships that could carry more cargo and could travel 
faster and further. With these developments there came the 
need for more accurate methods of determining distance, 
speed and position at sea. Although boat-building is still largely 
an art in many cultures modern ship design is more dependent 
on the application of scientifi c principles.

The Irish Maritime Development Offi ce (IMDO) is the State 
Agency responsible for the development and promotion of the 
Irish shipping services sector and related industries. Since its 
creation, the offi ce has focused on implementing a strategy that 
will underpin the long-term sustainable development of the Irish 
shipping services sector. 

The shipping services sector in Ireland is a dynamic multifaceted 
industry and it contains many different niche components such 
as maritime fi nance, banking, legal and technology sectors, 
shipbroking, ship management, ship ownership, ship agency, 
Ports, liner shipping, education and training. When combined, 
these segments form an essential part of the Irish economic 
strategic infrastructure that facilitates the Irish economy to connect 
with the global market. A key component of this industry, is its 
lifeblood, the seafarer.

Life at Sea
Life at sea has always appealed to young people who want to 
combine travel with a challenging career offering exciting future 
prospects. This is the life for those who relish the challenge 
of working with the sea — one of Nature’s most powerful and 
temperamental elements.

Ships carry 95% of world’s traded goods, and seaborne traffi c 
is forecast to double by the year 2010. This is generating a great 
demand for high-quality personnel to manage and operate today’s 
technically sophisticated ships. Ship’s Offi cers are key members of 
a highly qualifi ed team, whether on a giant supertanker, a container 
ship, a cross-channel ferry, 
a cruise liner, a specialised 
vessel servicing the offshore 
oil industry or on a small 
cargo ship. 

National Maritime College
of Ireland (NMCI)     

Merchant Navy Offi cers 
are trained at Ireland’s new 
National Maritime College, 
located in Cork harbour 
close to Haulbowline Naval 
Base. A combination of state 
of the art fi re fi ghting, sea 
survival & simulator facilities 
ensure that the NMCI leads 
the world in navigation & 
marine engine technology.  

What is buoyancy?
When a body of fi xed volume is immersed in water it experiences an 
upward force; the size of the force increases until the body is fully 
submerged and after that it does not change. It is worthwhile investigating 
this for yourself. (See experiment. 2)

As you should have discovered the upward force or upthrust can be quite 
signifi cant. When a sealed 2 L bottle (containing air) is fully submerged 
the upthrust is equivalent to the weight of 2 kg (i.e. about 20 N); this is the 
amount of force required to push the bottle under the water. If the bottle 
is full of water, then when the bottle is fully submerged, the upthrust 
is balanced by the weight of the water. The upward thrust is known as 
buoyancy. If buoyancy exceeds weight of object, then the object fl oats. 
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You can fi nd out more about the work of the IMDO 
and NMCI at www.imdo.ie, www.nmci.ie or at 
www.sta.ie

How does a steel ship fl oat?
A block of steel will sink in water but if it is reshaped so that it displaces at 
least eight times its own volume then it will fl oat. If it displaces 1000 times 
its own volume then it will be able to fl oat and carry almost 1000 times its 
own weight of goods as well.

Why is the stability of ships so important? 
The centre of mass (or centre of gravity) of a body is the point though 
which its weight acts. For a rigid body such as a ship this is a fi xed point 
relative to the ship — so long as the load does not move about. 

The centre of buoyancy is the point through which the buoyancy force 
or upthrust acts. This however is not a fi xed point; it is the geometric 
centre of the displaced volume of water or, alternatively, the geometric 
centre of the submerged part of the ship. As the ship tilts the shape of 
the displaced body of water changes and the centre of buoyancy moves 
– usually in the same direction as the tilt. For stability in the water the 
centre of buoyancy should move further than the centre of gravity.

If the load on a ship is stacked very high then the centre of gravity rises; if 
it becomes so high that it can sway beyond the centre of buoyancy then 
the ship will be unstable and will easily capsize. So the distribution the 
load on a ship is an important factor in its stability.

Just as the position of a skater’s arms affects the rate of spinning, the 
lateral distribution of a ship’s load affects the period of its rolling.

What other technologies are related
to shipping?
In many ways the development of science and technology was 
infl uenced by the requirements of navigation and many newly-developed 
technologies found their earliest use on ships. 

Until the 20th century navigation depended on accurate measurement of 
speed and direction and meticulous plotting of a ship’s position on a map. 

These positions were then 
checked by measuring the 
angle of the Sun or the position 
of stars; these readings were 
useless unless the time was 
known accurately. The race 
to develop a chronometer for 
use on ships is a fascinating 
story in itself.

The development of radio 
communication  (‘wireless 
telegraphy’) in the 1890s 
improved navigation by 
providing    time synchronisation, 
rudimentary directional information and the possibility of requesting 
help in case of emergency. The radio transmitters emitted bursts of radio 
frequency waves as Morse code. By the 1920s voice communication had 
been introduced; this involved changing the strength of the radio signal 
to match the variation in the audio signal (speech) – a process called 
modulation. It required more complex transmitters and receivers and 
was more prone to interference than the simpler Morse transmission; for 
this reason Morse code radio communication remained in general use 
until the advent of satellite communication. 

The invention in 1884 and subsequent development of a practical 
steam turbine engine by Charles Parsons was a major advance in ship 
propulsion. It was ten times more effi cient than a steam engine and 
could propel ships at 30 knots.

Plimsoll mark
A ship sinks in water until it has displaced its own weight of water. It will 
fl oat higher in saltier, denser water than in less dense warm, fresh or 
brackish water. This must be taken into account when ships are loaded. A 
Plimsoll mark painted on the outside of a ship indicates the loading limit 
for different seas. It is named after the 19th-century English politician 
Samuel Plimsoll who devised it. A ship should not be loaded to such and 
extent to put the relevant Plimsoll mark below water level.
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Why do some objects fl oat and others sink?
Is it true that heavy things sink and light things fl oat? At fi rst sight this 
seems reasonable but on closer examination it is found to be inaccurate. 
If items having the same weight but made of different materials (e.g. 
wood, stone, wax, copper, steel etc.) are placed in water some will sink 
and others will fl oat. The ‘sinkers’ are the same weight as the ‘fl oaters’ 
so what distinguishes them? In this case the sinkers will be found to be 
the physically smaller items – that is, smaller in volume. So we could say 
that the sinkers are heavier for their size than the fl oaters.

Alternatively if we had a selection of items that were all the same physical 
size (e.g. 1 cm3) we would fi nd again that some would fl oat and others 
would sink; in this case the sinkers would be heavier that the fl oaters. So 
whether something fl oats or sinks depends not just on its weight or its 
volume but on both. Materials or bodies that are more than 1 gram per 
cubic centimetre will sink in fresh water, while those that are less than
1 gram per cubic centimetre will fl oat. This relationship between mass 
and volume is what the concept of density describes. In simple terms, 
dense materials are relatively heavy for their size.

The density of fresh water is 1 g/cm3 or 1 kg/dm3 (one kilogram per cubic 
decimetre). The density of wood is around 0.8 g/cm3; this is less than 
the density of water and so it fl oats. The density of iron is about 8 g/cm3 
and so it sinks in water.

The density of salty water can be a much as 10% greater than that of 
fresh water – i.e. up to 1.1 g/cm3. An egg will sink in fresh water but it will 
fl oat in very salty water; the density of the egg is greater than the density 
of fresh water but less than the density of the salty water.

Fig.3    Chronometer as developed in 
1770 by John Harrison
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People have been using a great variety of boats and ships for 
thousands of years and during that time they developed ever 
greater expertise in boat design, loading and navigation – mainly 
through trial and error. As they became more adventurous they 
built bigger ships that could carry more cargo and could travel 
faster and further. With these developments there came the 
need for more accurate methods of determining distance, 
speed and position at sea. Although boat-building is still largely 
an art in many cultures modern ship design is more dependent 
on the application of scientifi c principles.

The Irish Maritime Development Offi ce (IMDO) is the State 
Agency responsible for the development and promotion of the 
Irish shipping services sector and related industries. Since its 
creation, the offi ce has focused on implementing a strategy that 
will underpin the long-term sustainable development of the Irish 
shipping services sector. 

The shipping services sector in Ireland is a dynamic multifaceted 
industry and it contains many different niche components such 
as maritime fi nance, banking, legal and technology sectors, 
shipbroking, ship management, ship ownership, ship agency, 
Ports, liner shipping, education and training. When combined, 
these segments form an essential part of the Irish economic 
strategic infrastructure that facilitates the Irish economy to connect 
with the global market. A key component of this industry, is its 
lifeblood, the seafarer.

Life at Sea
Life at sea has always appealed to young people who want to 
combine travel with a challenging career offering exciting future 
prospects. This is the life for those who relish the challenge 
of working with the sea — one of Nature’s most powerful and 
temperamental elements.

Ships carry 95% of world’s traded goods, and seaborne traffi c 
is forecast to double by the year 2010. This is generating a great 
demand for high-quality personnel to manage and operate today’s 
technically sophisticated ships. Ship’s Offi cers are key members of 
a highly qualifi ed team, whether on a giant supertanker, a container 
ship, a cross-channel ferry, 
a cruise liner, a specialised 
vessel servicing the offshore 
oil industry or on a small 
cargo ship. 

National Maritime College
of Ireland (NMCI)     

Merchant Navy Offi cers 
are trained at Ireland’s new 
National Maritime College, 
located in Cork harbour 
close to Haulbowline Naval 
Base. A combination of state 
of the art fi re fi ghting, sea 
survival & simulator facilities 
ensure that the NMCI leads 
the world in navigation & 
marine engine technology.  

What is buoyancy?
When a body of fi xed volume is immersed in water it experiences an 
upward force; the size of the force increases until the body is fully 
submerged and after that it does not change. It is worthwhile investigating 
this for yourself. (See experiment. 2)

As you should have discovered the upward force or upthrust can be quite 
signifi cant. When a sealed 2 L bottle (containing air) is fully submerged 
the upthrust is equivalent to the weight of 2 kg (i.e. about 20 N); this is the 
amount of force required to push the bottle under the water. If the bottle 
is full of water, then when the bottle is fully submerged, the upthrust 
is balanced by the weight of the water. The upward thrust is known as 
buoyancy. If buoyancy exceeds weight of object, then the object fl oats. 
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You can fi nd out more about the work of the IMDO 
and NMCI at www.imdo.ie, www.nmci.ie or at 
www.sta.ie

How does a steel ship fl oat?
A block of steel will sink in water but if it is reshaped so that it displaces at 
least eight times its own volume then it will fl oat. If it displaces 1000 times 
its own volume then it will be able to fl oat and carry almost 1000 times its 
own weight of goods as well.

Why is the stability of ships so important? 
The centre of mass (or centre of gravity) of a body is the point though 
which its weight acts. For a rigid body such as a ship this is a fi xed point 
relative to the ship — so long as the load does not move about. 

The centre of buoyancy is the point through which the buoyancy force 
or upthrust acts. This however is not a fi xed point; it is the geometric 
centre of the displaced volume of water or, alternatively, the geometric 
centre of the submerged part of the ship. As the ship tilts the shape of 
the displaced body of water changes and the centre of buoyancy moves 
– usually in the same direction as the tilt. For stability in the water the 
centre of buoyancy should move further than the centre of gravity.

If the load on a ship is stacked very high then the centre of gravity rises; if 
it becomes so high that it can sway beyond the centre of buoyancy then 
the ship will be unstable and will easily capsize. So the distribution the 
load on a ship is an important factor in its stability.

Just as the position of a skater’s arms affects the rate of spinning, the 
lateral distribution of a ship’s load affects the period of its rolling.

What other technologies are related
to shipping?
In many ways the development of science and technology was 
infl uenced by the requirements of navigation and many newly-developed 
technologies found their earliest use on ships. 

Until the 20th century navigation depended on accurate measurement of 
speed and direction and meticulous plotting of a ship’s position on a map. 

These positions were then 
checked by measuring the 
angle of the Sun or the position 
of stars; these readings were 
useless unless the time was 
known accurately. The race 
to develop a chronometer for 
use on ships is a fascinating 
story in itself.

The development of radio 
communication  (‘wireless 
telegraphy’) in the 1890s 
improved navigation by 
providing    time synchronisation, 
rudimentary directional information and the possibility of requesting 
help in case of emergency. The radio transmitters emitted bursts of radio 
frequency waves as Morse code. By the 1920s voice communication had 
been introduced; this involved changing the strength of the radio signal 
to match the variation in the audio signal (speech) – a process called 
modulation. It required more complex transmitters and receivers and 
was more prone to interference than the simpler Morse transmission; for 
this reason Morse code radio communication remained in general use 
until the advent of satellite communication. 

The invention in 1884 and subsequent development of a practical 
steam turbine engine by Charles Parsons was a major advance in ship 
propulsion. It was ten times more effi cient than a steam engine and 
could propel ships at 30 knots.

Plimsoll mark
A ship sinks in water until it has displaced its own weight of water. It will 
fl oat higher in saltier, denser water than in less dense warm, fresh or 
brackish water. This must be taken into account when ships are loaded. A 
Plimsoll mark painted on the outside of a ship indicates the loading limit 
for different seas. It is named after the 19th-century English politician 
Samuel Plimsoll who devised it. A ship should not be loaded to such and 
extent to put the relevant Plimsoll mark below water level.
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Why do some objects fl oat and others sink?
Is it true that heavy things sink and light things fl oat? At fi rst sight this 
seems reasonable but on closer examination it is found to be inaccurate. 
If items having the same weight but made of different materials (e.g. 
wood, stone, wax, copper, steel etc.) are placed in water some will sink 
and others will fl oat. The ‘sinkers’ are the same weight as the ‘fl oaters’ 
so what distinguishes them? In this case the sinkers will be found to be 
the physically smaller items – that is, smaller in volume. So we could say 
that the sinkers are heavier for their size than the fl oaters.

Alternatively if we had a selection of items that were all the same physical 
size (e.g. 1 cm3) we would fi nd again that some would fl oat and others 
would sink; in this case the sinkers would be heavier that the fl oaters. So 
whether something fl oats or sinks depends not just on its weight or its 
volume but on both. Materials or bodies that are more than 1 gram per 
cubic centimetre will sink in fresh water, while those that are less than
1 gram per cubic centimetre will fl oat. This relationship between mass 
and volume is what the concept of density describes. In simple terms, 
dense materials are relatively heavy for their size.

The density of fresh water is 1 g/cm3 or 1 kg/dm3 (one kilogram per cubic 
decimetre). The density of wood is around 0.8 g/cm3; this is less than 
the density of water and so it fl oats. The density of iron is about 8 g/cm3 
and so it sinks in water.

The density of salty water can be a much as 10% greater than that of 
fresh water – i.e. up to 1.1 g/cm3. An egg will sink in fresh water but it will 
fl oat in very salty water; the density of the egg is greater than the density 
of fresh water but less than the density of the salty water.

Fig.3    Chronometer as developed in 
1770 by John Harrison

Fig.4  Plimsoll markings
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People have been using a great variety of boats and ships for 
thousands of years and during that time they developed ever 
greater expertise in boat design, loading and navigation – mainly 
through trial and error. As they became more adventurous they 
built bigger ships that could carry more cargo and could travel 
faster and further. With these developments there came the 
need for more accurate methods of determining distance, 
speed and position at sea. Although boat-building is still largely 
an art in many cultures modern ship design is more dependent 
on the application of scientifi c principles.

The Irish Maritime Development Offi ce (IMDO) is the State 
Agency responsible for the development and promotion of the 
Irish shipping services sector and related industries. Since its 
creation, the offi ce has focused on implementing a strategy that 
will underpin the long-term sustainable development of the Irish 
shipping services sector. 

The shipping services sector in Ireland is a dynamic multifaceted 
industry and it contains many different niche components such 
as maritime fi nance, banking, legal and technology sectors, 
shipbroking, ship management, ship ownership, ship agency, 
Ports, liner shipping, education and training. When combined, 
these segments form an essential part of the Irish economic 
strategic infrastructure that facilitates the Irish economy to connect 
with the global market. A key component of this industry, is its 
lifeblood, the seafarer.

Life at Sea
Life at sea has always appealed to young people who want to 
combine travel with a challenging career offering exciting future 
prospects. This is the life for those who relish the challenge 
of working with the sea — one of Nature’s most powerful and 
temperamental elements.

Ships carry 95% of world’s traded goods, and seaborne traffi c 
is forecast to double by the year 2010. This is generating a great 
demand for high-quality personnel to manage and operate today’s 
technically sophisticated ships. Ship’s Offi cers are key members of 
a highly qualifi ed team, whether on a giant supertanker, a container 
ship, a cross-channel ferry, 
a cruise liner, a specialised 
vessel servicing the offshore 
oil industry or on a small 
cargo ship. 

National Maritime College
of Ireland (NMCI)     

Merchant Navy Offi cers 
are trained at Ireland’s new 
National Maritime College, 
located in Cork harbour 
close to Haulbowline Naval 
Base. A combination of state 
of the art fi re fi ghting, sea 
survival & simulator facilities 
ensure that the NMCI leads 
the world in navigation & 
marine engine technology.  

What is buoyancy?
When a body of fi xed volume is immersed in water it experiences an 
upward force; the size of the force increases until the body is fully 
submerged and after that it does not change. It is worthwhile investigating 
this for yourself. (See experiment. 2)

As you should have discovered the upward force or upthrust can be quite 
signifi cant. When a sealed 2 L bottle (containing air) is fully submerged 
the upthrust is equivalent to the weight of 2 kg (i.e. about 20 N); this is the 
amount of force required to push the bottle under the water. If the bottle 
is full of water, then when the bottle is fully submerged, the upthrust 
is balanced by the weight of the water. The upward thrust is known as 
buoyancy. If buoyancy exceeds weight of object, then the object fl oats. 
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You can fi nd out more about the work of the IMDO 
and NMCI at www.imdo.ie, www.nmci.ie or at 
www.sta.ie

How does a steel ship fl oat?
A block of steel will sink in water but if it is reshaped so that it displaces at 
least eight times its own volume then it will fl oat. If it displaces 1000 times 
its own volume then it will be able to fl oat and carry almost 1000 times its 
own weight of goods as well.

Why is the stability of ships so important? 
The centre of mass (or centre of gravity) of a body is the point though 
which its weight acts. For a rigid body such as a ship this is a fi xed point 
relative to the ship — so long as the load does not move about. 

The centre of buoyancy is the point through which the buoyancy force 
or upthrust acts. This however is not a fi xed point; it is the geometric 
centre of the displaced volume of water or, alternatively, the geometric 
centre of the submerged part of the ship. As the ship tilts the shape of 
the displaced body of water changes and the centre of buoyancy moves 
– usually in the same direction as the tilt. For stability in the water the 
centre of buoyancy should move further than the centre of gravity.

If the load on a ship is stacked very high then the centre of gravity rises; if 
it becomes so high that it can sway beyond the centre of buoyancy then 
the ship will be unstable and will easily capsize. So the distribution the 
load on a ship is an important factor in its stability.

Just as the position of a skater’s arms affects the rate of spinning, the 
lateral distribution of a ship’s load affects the period of its rolling.

What other technologies are related
to shipping?
In many ways the development of science and technology was 
infl uenced by the requirements of navigation and many newly-developed 
technologies found their earliest use on ships. 

Until the 20th century navigation depended on accurate measurement of 
speed and direction and meticulous plotting of a ship’s position on a map. 

These positions were then 
checked by measuring the 
angle of the Sun or the position 
of stars; these readings were 
useless unless the time was 
known accurately. The race 
to develop a chronometer for 
use on ships is a fascinating 
story in itself.

The development of radio 
communication  (‘wireless 
telegraphy’) in the 1890s 
improved navigation by 
providing    time synchronisation, 
rudimentary directional information and the possibility of requesting 
help in case of emergency. The radio transmitters emitted bursts of radio 
frequency waves as Morse code. By the 1920s voice communication had 
been introduced; this involved changing the strength of the radio signal 
to match the variation in the audio signal (speech) – a process called 
modulation. It required more complex transmitters and receivers and 
was more prone to interference than the simpler Morse transmission; for 
this reason Morse code radio communication remained in general use 
until the advent of satellite communication. 

The invention in 1884 and subsequent development of a practical 
steam turbine engine by Charles Parsons was a major advance in ship 
propulsion. It was ten times more effi cient than a steam engine and 
could propel ships at 30 knots.

Plimsoll mark
A ship sinks in water until it has displaced its own weight of water. It will 
fl oat higher in saltier, denser water than in less dense warm, fresh or 
brackish water. This must be taken into account when ships are loaded. A 
Plimsoll mark painted on the outside of a ship indicates the loading limit 
for different seas. It is named after the 19th-century English politician 
Samuel Plimsoll who devised it. A ship should not be loaded to such and 
extent to put the relevant Plimsoll mark below water level.
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Why do some objects fl oat and others sink?
Is it true that heavy things sink and light things fl oat? At fi rst sight this 
seems reasonable but on closer examination it is found to be inaccurate. 
If items having the same weight but made of different materials (e.g. 
wood, stone, wax, copper, steel etc.) are placed in water some will sink 
and others will fl oat. The ‘sinkers’ are the same weight as the ‘fl oaters’ 
so what distinguishes them? In this case the sinkers will be found to be 
the physically smaller items – that is, smaller in volume. So we could say 
that the sinkers are heavier for their size than the fl oaters.

Alternatively if we had a selection of items that were all the same physical 
size (e.g. 1 cm3) we would fi nd again that some would fl oat and others 
would sink; in this case the sinkers would be heavier that the fl oaters. So 
whether something fl oats or sinks depends not just on its weight or its 
volume but on both. Materials or bodies that are more than 1 gram per 
cubic centimetre will sink in fresh water, while those that are less than
1 gram per cubic centimetre will fl oat. This relationship between mass 
and volume is what the concept of density describes. In simple terms, 
dense materials are relatively heavy for their size.

The density of fresh water is 1 g/cm3 or 1 kg/dm3 (one kilogram per cubic 
decimetre). The density of wood is around 0.8 g/cm3; this is less than 
the density of water and so it fl oats. The density of iron is about 8 g/cm3 
and so it sinks in water.

The density of salty water can be a much as 10% greater than that of 
fresh water – i.e. up to 1.1 g/cm3. An egg will sink in fresh water but it will 
fl oat in very salty water; the density of the egg is greater than the density 
of fresh water but less than the density of the salty water.

Fig.3    Chronometer as developed in 
1770 by John Harrison

Fig.4  Plimsoll markings

TF Tropical fresh water
F Fresh water
T Tropical salt water
S Salt water in summer
W  Salt water in winter
WNA Winter in North Atlantic
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Fig.1  A loaded container ship

People have been using a great variety of boats and ships for 
thousands of years and during that time they developed ever 
greater expertise in boat design, loading and navigation – mainly 
through trial and error. As they became more adventurous they 
built bigger ships that could carry more cargo and could travel 
faster and further. With these developments there came the 
need for more accurate methods of determining distance, 
speed and position at sea. Although boat-building is still largely 
an art in many cultures modern ship design is more dependent 
on the application of scientifi c principles.

The Irish Maritime Development Offi ce (IMDO) is the State 
Agency responsible for the development and promotion of the 
Irish shipping services sector and related industries. Since its 
creation, the offi ce has focused on implementing a strategy that 
will underpin the long-term sustainable development of the Irish 
shipping services sector. 

The shipping services sector in Ireland is a dynamic multifaceted 
industry and it contains many different niche components such 
as maritime fi nance, banking, legal and technology sectors, 
shipbroking, ship management, ship ownership, ship agency, 
Ports, liner shipping, education and training. When combined, 
these segments form an essential part of the Irish economic 
strategic infrastructure that facilitates the Irish economy to connect 
with the global market. A key component of this industry, is its 
lifeblood, the seafarer.

Life at Sea
Life at sea has always appealed to young people who want to 
combine travel with a challenging career offering exciting future 
prospects. This is the life for those who relish the challenge 
of working with the sea — one of Nature’s most powerful and 
temperamental elements.

Ships carry 95% of world’s traded goods, and seaborne traffi c 
is forecast to double by the year 2010. This is generating a great 
demand for high-quality personnel to manage and operate today’s 
technically sophisticated ships. Ship’s Offi cers are key members of 
a highly qualifi ed team, whether on a giant supertanker, a container 
ship, a cross-channel ferry, 
a cruise liner, a specialised 
vessel servicing the offshore 
oil industry or on a small 
cargo ship. 

National Maritime College
of Ireland (NMCI)     

Merchant Navy Offi cers 
are trained at Ireland’s new 
National Maritime College, 
located in Cork harbour 
close to Haulbowline Naval 
Base. A combination of state 
of the art fi re fi ghting, sea 
survival & simulator facilities 
ensure that the NMCI leads 
the world in navigation & 
marine engine technology.  

What is buoyancy?
When a body of fi xed volume is immersed in water it experiences an 
upward force; the size of the force increases until the body is fully 
submerged and after that it does not change. It is worthwhile investigating 
this for yourself. (See experiment. 2)

As you should have discovered the upward force or upthrust can be quite 
signifi cant. When a sealed 2 L bottle (containing air) is fully submerged 
the upthrust is equivalent to the weight of 2 kg (i.e. about 20 N); this is the 
amount of force required to push the bottle under the water. If the bottle 
is full of water, then when the bottle is fully submerged, the upthrust 
is balanced by the weight of the water. The upward thrust is known as 
buoyancy. If buoyancy exceeds weight of object, then the object fl oats. 

Beam Length

Water Line

Ship Dimensions

Draft
Depth
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L

Fig.2  Some nautical terms

You can fi nd out more about the work of the IMDO 
and NMCI at www.imdo.ie, www.nmci.ie or at 
www.sta.ie

How does a steel ship fl oat?
A block of steel will sink in water but if it is reshaped so that it displaces at 
least eight times its own volume then it will fl oat. If it displaces 1000 times 
its own volume then it will be able to fl oat and carry almost 1000 times its 
own weight of goods as well.

Why is the stability of ships so important? 
The centre of mass (or centre of gravity) of a body is the point though 
which its weight acts. For a rigid body such as a ship this is a fi xed point 
relative to the ship — so long as the load does not move about. 

The centre of buoyancy is the point through which the buoyancy force 
or upthrust acts. This however is not a fi xed point; it is the geometric 
centre of the displaced volume of water or, alternatively, the geometric 
centre of the submerged part of the ship. As the ship tilts the shape of 
the displaced body of water changes and the centre of buoyancy moves 
– usually in the same direction as the tilt. For stability in the water the 
centre of buoyancy should move further than the centre of gravity.

If the load on a ship is stacked very high then the centre of gravity rises; if 
it becomes so high that it can sway beyond the centre of buoyancy then 
the ship will be unstable and will easily capsize. So the distribution the 
load on a ship is an important factor in its stability.

Just as the position of a skater’s arms affects the rate of spinning, the 
lateral distribution of a ship’s load affects the period of its rolling.

What other technologies are related
to shipping?
In many ways the development of science and technology was 
infl uenced by the requirements of navigation and many newly-developed 
technologies found their earliest use on ships. 

Until the 20th century navigation depended on accurate measurement of 
speed and direction and meticulous plotting of a ship’s position on a map. 

These positions were then 
checked by measuring the 
angle of the Sun or the position 
of stars; these readings were 
useless unless the time was 
known accurately. The race 
to develop a chronometer for 
use on ships is a fascinating 
story in itself.

The development of radio 
communication  (‘wireless 
telegraphy’) in the 1890s 
improved navigation by 
providing    time synchronisation, 
rudimentary directional information and the possibility of requesting 
help in case of emergency. The radio transmitters emitted bursts of radio 
frequency waves as Morse code. By the 1920s voice communication had 
been introduced; this involved changing the strength of the radio signal 
to match the variation in the audio signal (speech) – a process called 
modulation. It required more complex transmitters and receivers and 
was more prone to interference than the simpler Morse transmission; for 
this reason Morse code radio communication remained in general use 
until the advent of satellite communication. 

The invention in 1884 and subsequent development of a practical 
steam turbine engine by Charles Parsons was a major advance in ship 
propulsion. It was ten times more effi cient than a steam engine and 
could propel ships at 30 knots.

Plimsoll mark
A ship sinks in water until it has displaced its own weight of water. It will 
fl oat higher in saltier, denser water than in less dense warm, fresh or 
brackish water. This must be taken into account when ships are loaded. A 
Plimsoll mark painted on the outside of a ship indicates the loading limit 
for different seas. It is named after the 19th-century English politician 
Samuel Plimsoll who devised it. A ship should not be loaded to such and 
extent to put the relevant Plimsoll mark below water level.
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Why do some objects fl oat and others sink?
Is it true that heavy things sink and light things fl oat? At fi rst sight this 
seems reasonable but on closer examination it is found to be inaccurate. 
If items having the same weight but made of different materials (e.g. 
wood, stone, wax, copper, steel etc.) are placed in water some will sink 
and others will fl oat. The ‘sinkers’ are the same weight as the ‘fl oaters’ 
so what distinguishes them? In this case the sinkers will be found to be 
the physically smaller items – that is, smaller in volume. So we could say 
that the sinkers are heavier for their size than the fl oaters.

Alternatively if we had a selection of items that were all the same physical 
size (e.g. 1 cm3) we would fi nd again that some would fl oat and others 
would sink; in this case the sinkers would be heavier that the fl oaters. So 
whether something fl oats or sinks depends not just on its weight or its 
volume but on both. Materials or bodies that are more than 1 gram per 
cubic centimetre will sink in fresh water, while those that are less than
1 gram per cubic centimetre will fl oat. This relationship between mass 
and volume is what the concept of density describes. In simple terms, 
dense materials are relatively heavy for their size.

The density of fresh water is 1 g/cm3 or 1 kg/dm3 (one kilogram per cubic 
decimetre). The density of wood is around 0.8 g/cm3; this is less than 
the density of water and so it fl oats. The density of iron is about 8 g/cm3 
and so it sinks in water.

The density of salty water can be a much as 10% greater than that of 
fresh water – i.e. up to 1.1 g/cm3. An egg will sink in fresh water but it will 
fl oat in very salty water; the density of the egg is greater than the density 
of fresh water but less than the density of the salty water.

Fig.3    Chronometer as developed in 
1770 by John Harrison

Fig.4  Plimsoll markings

TF Tropical fresh water
F Fresh water
T Tropical salt water
S Salt water in summer
W  Salt water in winter
WNA Winter in North Atlantic

TF

F T

S

W

WNA

Fig.1  A loaded container ship

Syllabus Reference

Leaving Certifi cate Physics
Mechanics - Density and pressure 

Junior Certifi cate Science
Section 3A2 - Density and fl otation 

Learning Objectives

On completing this lesson the student should be able to:

•  Understand that whether things fl oat or sink depends not on their 
mass or their size but on their density, i.e. the ratio between their 
mass and their size (volume) 

•  Explain what is meant by density and express it in correct units 

•  Describe how pressure in a liquid increases in direct proportion to its 
depth and its density

•  Explain what is meant by buoyancy in terms of pressure difference

•  Understand Archimedes’ principle

•  Understand the law of fl otation as an instance of Archimedes’ 
principle.

General Learning Points

•  If a body is immersed in a liquid it appears to lose weight. A rock under 
water feels lighter than when it is out of the water.

•  If the average density of a body is less than the density of a liquid then 
the body will fl oat on that liquid; if its density is greater than that of the 
liquid, it will sink.

•  A body immersed in water displaces some of the water; the more of 
the body that is under the water, the more water it displaces and the 
greater the upthrust.

•  The pressure difference between the top and the bottom of a body in a 
liquid causes the upthrust or buoyancy force.

•  The upthrust is exactly equal to the weight of liquid displaced. This is 
known as the principle of Archimedes.

•  When a body fl oats it appears to lose all its weight; in this case the 
upthrust is equal to the weight of the body — but is in the opposite 
direction to the weight. This is known as the law of fl otation.

•  The word pressure refers to the distribution of force over area. It is 
measured in newtons per square metre (pascals). (1 N/m2. = 1 Pa).

•  The centre of gravity of a body is the point though which all its 
weight acts. 

•  The centre of buoyancy is the point through which the buoyancy force 
or upthrust acts.

Activities

Practical Activity 

For this you will need large containers of water (e.g. a basin and a bucket, 
graduated cylinder or decapitated 3 L plastic bottle), a wooden ruler, a €2 
coin and a small rubber band. 

Place the ruler in the basin of water; it fl oats horizontally. Use the rubber 
band to attach the €2 euro coin to one end of the ruler and try again. 
This time one end of the ruler is weighed down but the other end is above 
the surface. If you put it into deeper water it fl oats vertically. Mark the ruler 
with a pencil, as accurately as you can, at the level where it meets the 
water surface. 

Repeat the procedure using salt water of known concentration (e.g. 
50 g/dm3). You will now have two marks on the ruler. From these you 
should be able to construct a scale to indicate the salt concentration of 
other salt solutions (e.g. seawater).

Extensions: 
1.   Carry out the experiment using a varnished and an unvarnished ruler 

and see if there is any difference. Do the fl oating levels change if the 
rulers are left in the water overnight?

2.   Measure the density of the salt water using a method you have already 
learned. Construct another scale on the ruler to indicate the density of 
the solution (instead of salt concentration). Note that this scale can be 
extended beyond the two initial marks.

3.  (For those with computer expertise.) Construct an extended scale on 
a spreadsheet and print it. Put two marks on this scale corresponding 
to the densities (or concentrations) of the fresh water and salt water. 
Measure the distance between these two marks. Divide this into the 
distance between the two marks on the ruler; this percentage can 
now be used as the magnifi cation factor on a printer or photocopier to 
produce an accurate printed scale.

Practical Investigation

For this you will need a large container of water - about 30 cm deep - and 
an empty  2 L plastic bottle with cap.

Seal the bottle and slowly immerse it in the water. The upthrust gradually 
increases until the bottle is completely under water. A force of about 20 N 
is needed to counteract the upthrust.

Biographical Notes

Charles Parson 1854 – 1931

Charles Parsons from Birr Castle Co. Offaly, was the fourth son of the 
famous astronomer William Parsons. Charles completed the construction 
of a practical steam turbine engine in 1884 at the age of thirty.  Over the 
next ten years he improved its effi ciency and in 1897 he spectacularly 
demonstrated its superiority over existing ship propulsion engines. 
Although turbine engines have been largely replaced by diesel engines 
they are still being fi tted in some large tankers and are widely used for 
electrical power generation.

Sir Francis Beaufort 1774 – 1857

An Irish-British hydrographer from Navan, Co. Meath, Sir Francis Beaufort 
worked as a Hydrographer of the Admiralty during which time he produced 
detailed and accurate charts of coastal waters.  He also proposed a wind 
scale that was named after him – the Beaufort scale. 

John Holland 1841 – 1914

A native of Liscannor, Co. Clare, John Holland is best known as the 
inventor of the submarine. Initially a teacher with the Christian Brothers, 
he left due to ill health in 1873 and moved to America where his interest in 
submarines developed. He started designing submarines and in 1881, his 
fi rst boat, ‘Fenian Ram’, was launched.

Read more about other famous scientists at  www.sta.ie

Examination Questions

2006 Leaving Certifi cate Higher Level 

Defi ne pressure. 
Is pressure a vector quantity or a scalar quantity? Justify your answer. 

State Boyle’s law. 

A small bubble of gas rises from 
the bottom of a lake. The volume 
of the bubble increases threefold 
when it reaches the surface of 
the lake where the atmospheric 
pressure is 1.01 x 105 Pa. The 
temperature of the lake is 4°C. 

Calculate 
(i)  the pressure at the bottom of the lake; 
(i)  the depth of the lake. 

(acceleration due to gravity = 9.8 m s–2; density of water = 1.0 x 103 kg m–3) 

2004 Leaving Certifi cate Higher Level 

A can of height 10 cm is submerged in water. What is the difference in 

pressure between the top and bottom of the can? 

2006 Leaving Certifi cate Ordinary Level 

Which one of the following instruments can be used to measured the 
density of a liquid? 

 Barometer  hydrometer  thermometer

2005 Junior Certifi cate Science Higher Level

Describe, using a diagram, how to measure the density of a liquid. 

Give the unit used to express density measurements.

Explain why icebergs fl oat on water. 

For further examples of past paper questions
check www.sta.ie

True or False

Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F.

(a) In general heavy things sink and light things fl oat.  T F
(b) Density is how big an object is.  T F
(c) The units of density are: kg/m3, g/cm3 or kg/dm3.  T F
(d) Buoyancy is the force that pushes things under water.  T F
(e) The buoyancy force on a football under water is about 20 N
 (the weight of 2 kg).  T F 
(f) The pressure at a depth of 20 m in fresh water is three time 
 atmospheric pressure.  T F
(g) When a body is fl oating it appears to lose some of its weight.  T F
(h) The pressure in a liquid depends only on its density.  T F

 • Without knowing the exact time, longitude cannot be calculated 
accurately. A time error of four minutes is equivalent to a longitude 
error of one degree; this would give rise to an error of about 70 km in 
calculating position at mid latitudes and an even greater error nearer 
the equator. 

•  Because of the curvature of the Earth distant ships seem to sink 
below the horizon. A tall ship (30 m) at a distance of 25 km cannot be 
seen from the shoreline. From the top of a tall ship even a 1000 m high 
mountain is out of sight at about 130 km. Try calculating these fi gures 
for yourself given that the radius of the Earth is 6400 km.

 • For each additional 10 m depth of water the increase in pressure is 
about one atmosphere (100,000 N/m2 or 1000 hPa).

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention. 

Navigation; scientifi c principles; volume; mass; density; fresh 
water; upthrust; centre of gravity; centre of buoyancy;  geometric 
centre; chronometer; radio; time synchronisation; Morse code;  
modulation; steam turbine; engine; knots; plimsoll line;  lodestone; 
compass; magnetic fi eld; latitude; longitude.

Check the Glossary of Terms for this lesson at www.sta.ie

bottom of lake

surface of lake

Did You Know

•  It is believed that a magnetic mineral (lodestone) was used in China 
as a navigational aid around 200 BC. Magnetised needles have been 
in common use for navigation for about 1000 years. The compass 
needle turns under the infl uence of the magnetic fi eld of the Earth.

•  Without knowing the exact time, latitude can be calculated form the 
highest angle of the Sun (midday) provided one knows the date.

(i) The weight of a body appears to act through a point called the 
 centre of gravity.  T F 
(j) The centre of gravity is the centre of the Earth.  T F

Check your answers to these questions on www.sta.ie

��

�
�

�����������������������
������� ����������������

�
�

�����������������������
������� ��������������

 Buoyancy       How Ships Float an
d



People have been using a great variety of boats and ships for 
thousands of years and during that time they developed ever 
greater expertise in boat design, loading and navigation – mainly 
through trial and error. As they became more adventurous they 
built bigger ships that could carry more cargo and could travel 
faster and further. With these developments there came the 
need for more accurate methods of determining distance, 
speed and position at sea. Although boat-building is still largely 
an art in many cultures modern ship design is more dependent 
on the application of scientifi c principles.

The Irish Maritime Development Offi ce (IMDO) is the State 
Agency responsible for the development and promotion of the 
Irish shipping services sector and related industries. Since its 
creation, the offi ce has focused on implementing a strategy that 
will underpin the long-term sustainable development of the Irish 
shipping services sector. 

The shipping services sector in Ireland is a dynamic multifaceted 
industry and it contains many different niche components such 
as maritime fi nance, banking, legal and technology sectors, 
shipbroking, ship management, ship ownership, ship agency, 
Ports, liner shipping, education and training. When combined, 
these segments form an essential part of the Irish economic 
strategic infrastructure that facilitates the Irish economy to connect 
with the global market. A key component of this industry, is its 
lifeblood, the seafarer.

Life at Sea
Life at sea has always appealed to young people who want to 
combine travel with a challenging career offering exciting future 
prospects. This is the life for those who relish the challenge 
of working with the sea — one of Nature’s most powerful and 
temperamental elements.

Ships carry 95% of world’s traded goods, and seaborne traffi c 
is forecast to double by the year 2010. This is generating a great 
demand for high-quality personnel to manage and operate today’s 
technically sophisticated ships. Ship’s Offi cers are key members of 
a highly qualifi ed team, whether on a giant supertanker, a container 
ship, a cross-channel ferry, 
a cruise liner, a specialised 
vessel servicing the offshore 
oil industry or on a small 
cargo ship. 

National Maritime College
of Ireland (NMCI)     

Merchant Navy Offi cers 
are trained at Ireland’s new 
National Maritime College, 
located in Cork harbour 
close to Haulbowline Naval 
Base. A combination of state 
of the art fi re fi ghting, sea 
survival & simulator facilities 
ensure that the NMCI leads 
the world in navigation & 
marine engine technology.  

What is buoyancy?
When a body of fi xed volume is immersed in water it experiences an 
upward force; the size of the force increases until the body is fully 
submerged and after that it does not change. It is worthwhile investigating 
this for yourself. (See experiment. 2)

As you should have discovered the upward force or upthrust can be quite 
signifi cant. When a sealed 2 L bottle (containing air) is fully submerged 
the upthrust is equivalent to the weight of 2 kg (i.e. about 20 N); this is the 
amount of force required to push the bottle under the water. If the bottle 
is full of water, then when the bottle is fully submerged, the upthrust 
is balanced by the weight of the water. The upward thrust is known as 
buoyancy. If buoyancy exceeds weight of object, then the object fl oats. 
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Fig.2  Some nautical terms

You can fi nd out more about the work of the IMDO 
and NMCI at www.imdo.ie, www.nmci.ie or at 
www.sta.ie

How does a steel ship fl oat?
A block of steel will sink in water but if it is reshaped so that it displaces at 
least eight times its own volume then it will fl oat. If it displaces 1000 times 
its own volume then it will be able to fl oat and carry almost 1000 times its 
own weight of goods as well.

Why is the stability of ships so important? 
The centre of mass (or centre of gravity) of a body is the point though 
which its weight acts. For a rigid body such as a ship this is a fi xed point 
relative to the ship — so long as the load does not move about. 

The centre of buoyancy is the point through which the buoyancy force 
or upthrust acts. This however is not a fi xed point; it is the geometric 
centre of the displaced volume of water or, alternatively, the geometric 
centre of the submerged part of the ship. As the ship tilts the shape of 
the displaced body of water changes and the centre of buoyancy moves 
– usually in the same direction as the tilt. For stability in the water the 
centre of buoyancy should move further than the centre of gravity.

If the load on a ship is stacked very high then the centre of gravity rises; if 
it becomes so high that it can sway beyond the centre of buoyancy then 
the ship will be unstable and will easily capsize. So the distribution the 
load on a ship is an important factor in its stability.

Just as the position of a skater’s arms affects the rate of spinning, the 
lateral distribution of a ship’s load affects the period of its rolling.

What other technologies are related
to shipping?
In many ways the development of science and technology was 
infl uenced by the requirements of navigation and many newly-developed 
technologies found their earliest use on ships. 

Until the 20th century navigation depended on accurate measurement of 
speed and direction and meticulous plotting of a ship’s position on a map. 

These positions were then 
checked by measuring the 
angle of the Sun or the position 
of stars; these readings were 
useless unless the time was 
known accurately. The race 
to develop a chronometer for 
use on ships is a fascinating 
story in itself.

The development of radio 
communication  (‘wireless 
telegraphy’) in the 1890s 
improved navigation by 
providing    time synchronisation, 
rudimentary directional information and the possibility of requesting 
help in case of emergency. The radio transmitters emitted bursts of radio 
frequency waves as Morse code. By the 1920s voice communication had 
been introduced; this involved changing the strength of the radio signal 
to match the variation in the audio signal (speech) – a process called 
modulation. It required more complex transmitters and receivers and 
was more prone to interference than the simpler Morse transmission; for 
this reason Morse code radio communication remained in general use 
until the advent of satellite communication. 

The invention in 1884 and subsequent development of a practical 
steam turbine engine by Charles Parsons was a major advance in ship 
propulsion. It was ten times more effi cient than a steam engine and 
could propel ships at 30 knots.

Plimsoll mark
A ship sinks in water until it has displaced its own weight of water. It will 
fl oat higher in saltier, denser water than in less dense warm, fresh or 
brackish water. This must be taken into account when ships are loaded. A 
Plimsoll mark painted on the outside of a ship indicates the loading limit 
for different seas. It is named after the 19th-century English politician 
Samuel Plimsoll who devised it. A ship should not be loaded to such and 
extent to put the relevant Plimsoll mark below water level.
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Why do some objects fl oat and others sink?
Is it true that heavy things sink and light things fl oat? At fi rst sight this 
seems reasonable but on closer examination it is found to be inaccurate. 
If items having the same weight but made of different materials (e.g. 
wood, stone, wax, copper, steel etc.) are placed in water some will sink 
and others will fl oat. The ‘sinkers’ are the same weight as the ‘fl oaters’ 
so what distinguishes them? In this case the sinkers will be found to be 
the physically smaller items – that is, smaller in volume. So we could say 
that the sinkers are heavier for their size than the fl oaters.

Alternatively if we had a selection of items that were all the same physical 
size (e.g. 1 cm3) we would fi nd again that some would fl oat and others 
would sink; in this case the sinkers would be heavier that the fl oaters. So 
whether something fl oats or sinks depends not just on its weight or its 
volume but on both. Materials or bodies that are more than 1 gram per 
cubic centimetre will sink in fresh water, while those that are less than
1 gram per cubic centimetre will fl oat. This relationship between mass 
and volume is what the concept of density describes. In simple terms, 
dense materials are relatively heavy for their size.

The density of fresh water is 1 g/cm3 or 1 kg/dm3 (one kilogram per cubic 
decimetre). The density of wood is around 0.8 g/cm3; this is less than 
the density of water and so it fl oats. The density of iron is about 8 g/cm3 
and so it sinks in water.

The density of salty water can be a much as 10% greater than that of 
fresh water – i.e. up to 1.1 g/cm3. An egg will sink in fresh water but it will 
fl oat in very salty water; the density of the egg is greater than the density 
of fresh water but less than the density of the salty water.

Fig.3    Chronometer as developed in 
1770 by John Harrison

Fig.4  Plimsoll markings

TF Tropical fresh water
F Fresh water
T Tropical salt water
S Salt water in summer
W  Salt water in winter
WNA Winter in North Atlantic
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Fig.1  A loaded container ship

People have been using a great variety of boats and ships for 
thousands of years and during that time they developed ever 
greater expertise in boat design, loading and navigation – mainly 
through trial and error. As they became more adventurous they 
built bigger ships that could carry more cargo and could travel 
faster and further. With these developments there came the 
need for more accurate methods of determining distance, 
speed and position at sea. Although boat-building is still largely 
an art in many cultures modern ship design is more dependent 
on the application of scientifi c principles.

The Irish Maritime Development Offi ce (IMDO) is the State 
Agency responsible for the development and promotion of the 
Irish shipping services sector and related industries. Since its 
creation, the offi ce has focused on implementing a strategy that 
will underpin the long-term sustainable development of the Irish 
shipping services sector. 

The shipping services sector in Ireland is a dynamic multifaceted 
industry and it contains many different niche components such 
as maritime fi nance, banking, legal and technology sectors, 
shipbroking, ship management, ship ownership, ship agency, 
Ports, liner shipping, education and training. When combined, 
these segments form an essential part of the Irish economic 
strategic infrastructure that facilitates the Irish economy to connect 
with the global market. A key component of this industry, is its 
lifeblood, the seafarer.

Life at Sea
Life at sea has always appealed to young people who want to 
combine travel with a challenging career offering exciting future 
prospects. This is the life for those who relish the challenge 
of working with the sea — one of Nature’s most powerful and 
temperamental elements.

Ships carry 95% of world’s traded goods, and seaborne traffi c 
is forecast to double by the year 2010. This is generating a great 
demand for high-quality personnel to manage and operate today’s 
technically sophisticated ships. Ship’s Offi cers are key members of 
a highly qualifi ed team, whether on a giant supertanker, a container 
ship, a cross-channel ferry, 
a cruise liner, a specialised 
vessel servicing the offshore 
oil industry or on a small 
cargo ship. 

National Maritime College
of Ireland (NMCI)     

Merchant Navy Offi cers 
are trained at Ireland’s new 
National Maritime College, 
located in Cork harbour 
close to Haulbowline Naval 
Base. A combination of state 
of the art fi re fi ghting, sea 
survival & simulator facilities 
ensure that the NMCI leads 
the world in navigation & 
marine engine technology.  

What is buoyancy?
When a body of fi xed volume is immersed in water it experiences an 
upward force; the size of the force increases until the body is fully 
submerged and after that it does not change. It is worthwhile investigating 
this for yourself. (See experiment. 2)

As you should have discovered the upward force or upthrust can be quite 
signifi cant. When a sealed 2 L bottle (containing air) is fully submerged 
the upthrust is equivalent to the weight of 2 kg (i.e. about 20 N); this is the 
amount of force required to push the bottle under the water. If the bottle 
is full of water, then when the bottle is fully submerged, the upthrust 
is balanced by the weight of the water. The upward thrust is known as 
buoyancy. If buoyancy exceeds weight of object, then the object fl oats. 

Beam Length

Water Line

Ship Dimensions

Draft
Depth

W

D

L

Fig.2  Some nautical terms

You can fi nd out more about the work of the IMDO 
and NMCI at www.imdo.ie, www.nmci.ie or at 
www.sta.ie

How does a steel ship fl oat?
A block of steel will sink in water but if it is reshaped so that it displaces at 
least eight times its own volume then it will fl oat. If it displaces 1000 times 
its own volume then it will be able to fl oat and carry almost 1000 times its 
own weight of goods as well.

Why is the stability of ships so important? 
The centre of mass (or centre of gravity) of a body is the point though 
which its weight acts. For a rigid body such as a ship this is a fi xed point 
relative to the ship — so long as the load does not move about. 

The centre of buoyancy is the point through which the buoyancy force 
or upthrust acts. This however is not a fi xed point; it is the geometric 
centre of the displaced volume of water or, alternatively, the geometric 
centre of the submerged part of the ship. As the ship tilts the shape of 
the displaced body of water changes and the centre of buoyancy moves 
– usually in the same direction as the tilt. For stability in the water the 
centre of buoyancy should move further than the centre of gravity.

If the load on a ship is stacked very high then the centre of gravity rises; if 
it becomes so high that it can sway beyond the centre of buoyancy then 
the ship will be unstable and will easily capsize. So the distribution the 
load on a ship is an important factor in its stability.

Just as the position of a skater’s arms affects the rate of spinning, the 
lateral distribution of a ship’s load affects the period of its rolling.

What other technologies are related
to shipping?
In many ways the development of science and technology was 
infl uenced by the requirements of navigation and many newly-developed 
technologies found their earliest use on ships. 

Until the 20th century navigation depended on accurate measurement of 
speed and direction and meticulous plotting of a ship’s position on a map. 

These positions were then 
checked by measuring the 
angle of the Sun or the position 
of stars; these readings were 
useless unless the time was 
known accurately. The race 
to develop a chronometer for 
use on ships is a fascinating 
story in itself.

The development of radio 
communication  (‘wireless 
telegraphy’) in the 1890s 
improved navigation by 
providing    time synchronisation, 
rudimentary directional information and the possibility of requesting 
help in case of emergency. The radio transmitters emitted bursts of radio 
frequency waves as Morse code. By the 1920s voice communication had 
been introduced; this involved changing the strength of the radio signal 
to match the variation in the audio signal (speech) – a process called 
modulation. It required more complex transmitters and receivers and 
was more prone to interference than the simpler Morse transmission; for 
this reason Morse code radio communication remained in general use 
until the advent of satellite communication. 

The invention in 1884 and subsequent development of a practical 
steam turbine engine by Charles Parsons was a major advance in ship 
propulsion. It was ten times more effi cient than a steam engine and 
could propel ships at 30 knots.

Plimsoll mark
A ship sinks in water until it has displaced its own weight of water. It will 
fl oat higher in saltier, denser water than in less dense warm, fresh or 
brackish water. This must be taken into account when ships are loaded. A 
Plimsoll mark painted on the outside of a ship indicates the loading limit 
for different seas. It is named after the 19th-century English politician 
Samuel Plimsoll who devised it. A ship should not be loaded to such and 
extent to put the relevant Plimsoll mark below water level.
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Why do some objects fl oat and others sink?
Is it true that heavy things sink and light things fl oat? At fi rst sight this 
seems reasonable but on closer examination it is found to be inaccurate. 
If items having the same weight but made of different materials (e.g. 
wood, stone, wax, copper, steel etc.) are placed in water some will sink 
and others will fl oat. The ‘sinkers’ are the same weight as the ‘fl oaters’ 
so what distinguishes them? In this case the sinkers will be found to be 
the physically smaller items – that is, smaller in volume. So we could say 
that the sinkers are heavier for their size than the fl oaters.

Alternatively if we had a selection of items that were all the same physical 
size (e.g. 1 cm3) we would fi nd again that some would fl oat and others 
would sink; in this case the sinkers would be heavier that the fl oaters. So 
whether something fl oats or sinks depends not just on its weight or its 
volume but on both. Materials or bodies that are more than 1 gram per 
cubic centimetre will sink in fresh water, while those that are less than
1 gram per cubic centimetre will fl oat. This relationship between mass 
and volume is what the concept of density describes. In simple terms, 
dense materials are relatively heavy for their size.

The density of fresh water is 1 g/cm3 or 1 kg/dm3 (one kilogram per cubic 
decimetre). The density of wood is around 0.8 g/cm3; this is less than 
the density of water and so it fl oats. The density of iron is about 8 g/cm3 
and so it sinks in water.

The density of salty water can be a much as 10% greater than that of 
fresh water – i.e. up to 1.1 g/cm3. An egg will sink in fresh water but it will 
fl oat in very salty water; the density of the egg is greater than the density 
of fresh water but less than the density of the salty water.

Fig.3    Chronometer as developed in 
1770 by John Harrison

Fig.4  Plimsoll markings

TF Tropical fresh water
F Fresh water
T Tropical salt water
S Salt water in summer
W  Salt water in winter
WNA Winter in North Atlantic

TF

F T

S

W

WNA

Fig.1  A loaded container ship

Syllabus Reference

Leaving Certifi cate Physics
Mechanics - Density and pressure 

Junior Certifi cate Science
Section 3A2 - Density and fl otation 

Learning Objectives

On completing this lesson the student should be able to:

•  Understand that whether things fl oat or sink depends not on their 
mass or their size but on their density, i.e. the ratio between their 
mass and their size (volume) 

•  Explain what is meant by density and express it in correct units 

•  Describe how pressure in a liquid increases in direct proportion to its 
depth and its density

•  Explain what is meant by buoyancy in terms of pressure difference

•  Understand Archimedes’ principle

•  Understand the law of fl otation as an instance of Archimedes’ 
principle.

General Learning Points

•  If a body is immersed in a liquid it appears to lose weight. A rock under 
water feels lighter than when it is out of the water.

•  If the average density of a body is less than the density of a liquid then 
the body will fl oat on that liquid; if its density is greater than that of the 
liquid, it will sink.

•  A body immersed in water displaces some of the water; the more of 
the body that is under the water, the more water it displaces and the 
greater the upthrust.

•  The pressure difference between the top and the bottom of a body in a 
liquid causes the upthrust or buoyancy force.

•  The upthrust is exactly equal to the weight of liquid displaced. This is 
known as the principle of Archimedes.

•  When a body fl oats it appears to lose all its weight; in this case the 
upthrust is equal to the weight of the body — but is in the opposite 
direction to the weight. This is known as the law of fl otation.

•  The word pressure refers to the distribution of force over area. It is 
measured in newtons per square metre (pascals). (1 N/m2. = 1 Pa).

•  The centre of gravity of a body is the point though which all its 
weight acts. 

•  The centre of buoyancy is the point through which the buoyancy force 
or upthrust acts.

Activities

Practical Activity 

For this you will need large containers of water (e.g. a basin and a bucket, 
graduated cylinder or decapitated 3 L plastic bottle), a wooden ruler, a €2 
coin and a small rubber band. 

Place the ruler in the basin of water; it fl oats horizontally. Use the rubber 
band to attach the €2 euro coin to one end of the ruler and try again. 
This time one end of the ruler is weighed down but the other end is above 
the surface. If you put it into deeper water it fl oats vertically. Mark the ruler 
with a pencil, as accurately as you can, at the level where it meets the 
water surface. 

Repeat the procedure using salt water of known concentration (e.g. 
50 g/dm3). You will now have two marks on the ruler. From these you 
should be able to construct a scale to indicate the salt concentration of 
other salt solutions (e.g. seawater).

Extensions: 
1.   Carry out the experiment using a varnished and an unvarnished ruler 

and see if there is any difference. Do the fl oating levels change if the 
rulers are left in the water overnight?

2.   Measure the density of the salt water using a method you have already 
learned. Construct another scale on the ruler to indicate the density of 
the solution (instead of salt concentration). Note that this scale can be 
extended beyond the two initial marks.

3.  (For those with computer expertise.) Construct an extended scale on 
a spreadsheet and print it. Put two marks on this scale corresponding 
to the densities (or concentrations) of the fresh water and salt water. 
Measure the distance between these two marks. Divide this into the 
distance between the two marks on the ruler; this percentage can 
now be used as the magnifi cation factor on a printer or photocopier to 
produce an accurate printed scale.

Practical Investigation

For this you will need a large container of water - about 30 cm deep - and 
an empty  2 L plastic bottle with cap.

Seal the bottle and slowly immerse it in the water. The upthrust gradually 
increases until the bottle is completely under water. A force of about 20 N 
is needed to counteract the upthrust.

Biographical Notes

Charles Parson 1854 – 1931

Charles Parsons from Birr Castle Co. Offaly, was the fourth son of the 
famous astronomer William Parsons. Charles completed the construction 
of a practical steam turbine engine in 1884 at the age of thirty.  Over the 
next ten years he improved its effi ciency and in 1897 he spectacularly 
demonstrated its superiority over existing ship propulsion engines. 
Although turbine engines have been largely replaced by diesel engines 
they are still being fi tted in some large tankers and are widely used for 
electrical power generation.

Sir Francis Beaufort 1774 – 1857

An Irish-British hydrographer from Navan, Co. Meath, Sir Francis Beaufort 
worked as a Hydrographer of the Admiralty during which time he produced 
detailed and accurate charts of coastal waters.  He also proposed a wind 
scale that was named after him – the Beaufort scale. 

John Holland 1841 – 1914

A native of Liscannor, Co. Clare, John Holland is best known as the 
inventor of the submarine. Initially a teacher with the Christian Brothers, 
he left due to ill health in 1873 and moved to America where his interest in 
submarines developed. He started designing submarines and in 1881, his 
fi rst boat, ‘Fenian Ram’, was launched.

Read more about other famous scientists at  www.sta.ie

Examination Questions

2006 Leaving Certifi cate Higher Level 

Defi ne pressure. 
Is pressure a vector quantity or a scalar quantity? Justify your answer. 

State Boyle’s law. 

A small bubble of gas rises from 
the bottom of a lake. The volume 
of the bubble increases threefold 
when it reaches the surface of 
the lake where the atmospheric 
pressure is 1.01 x 105 Pa. The 
temperature of the lake is 4°C. 

Calculate 
(i)  the pressure at the bottom of the lake; 
(i)  the depth of the lake. 

(acceleration due to gravity = 9.8 m s–2; density of water = 1.0 x 103 kg m–3) 

2004 Leaving Certifi cate Higher Level 

A can of height 10 cm is submerged in water. What is the difference in 

pressure between the top and bottom of the can? 

2006 Leaving Certifi cate Ordinary Level 

Which one of the following instruments can be used to measured the 
density of a liquid? 

 Barometer  hydrometer  thermometer

2005 Junior Certifi cate Science Higher Level

Describe, using a diagram, how to measure the density of a liquid. 

Give the unit used to express density measurements.

Explain why icebergs fl oat on water. 

For further examples of past paper questions
check www.sta.ie

True or False

Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F.

(a) In general heavy things sink and light things fl oat.  T F
(b) Density is how big an object is.  T F
(c) The units of density are: kg/m3, g/cm3 or kg/dm3.  T F
(d) Buoyancy is the force that pushes things under water.  T F
(e) The buoyancy force on a football under water is about 20 N
 (the weight of 2 kg).  T F 
(f) The pressure at a depth of 20 m in fresh water is three time 
 atmospheric pressure.  T F
(g) When a body is fl oating it appears to lose some of its weight.  T F
(h) The pressure in a liquid depends only on its density.  T F

 • Without knowing the exact time, longitude cannot be calculated 
accurately. A time error of four minutes is equivalent to a longitude 
error of one degree; this would give rise to an error of about 70 km in 
calculating position at mid latitudes and an even greater error nearer 
the equator. 

•  Because of the curvature of the Earth distant ships seem to sink 
below the horizon. A tall ship (30 m) at a distance of 25 km cannot be 
seen from the shoreline. From the top of a tall ship even a 1000 m high 
mountain is out of sight at about 130 km. Try calculating these fi gures 
for yourself given that the radius of the Earth is 6400 km.

 • For each additional 10 m depth of water the increase in pressure is 
about one atmosphere (100,000 N/m2 or 1000 hPa).

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention. 

Navigation; scientifi c principles; volume; mass; density; fresh 
water; upthrust; centre of gravity; centre of buoyancy;  geometric 
centre; chronometer; radio; time synchronisation; Morse code;  
modulation; steam turbine; engine; knots; plimsoll line;  lodestone; 
compass; magnetic fi eld; latitude; longitude.

Check the Glossary of Terms for this lesson at www.sta.ie

bottom of lake

surface of lake

Did You Know

•  It is believed that a magnetic mineral (lodestone) was used in China 
as a navigational aid around 200 BC. Magnetised needles have been 
in common use for navigation for about 1000 years. The compass 
needle turns under the infl uence of the magnetic fi eld of the Earth.

•  Without knowing the exact time, latitude can be calculated form the 
highest angle of the Sun (midday) provided one knows the date.

(i) The weight of a body appears to act through a point called the 
 centre of gravity.  T F 
(j) The centre of gravity is the centre of the Earth.  T F

Check your answers to these questions on www.sta.ie
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