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Physics Note for grade 9 

UNIT 6 

Fluid Statics 

How does a massive ocean liner, made of steel, float on the water, yet a tiny penny sinks? Why is it when 

you go swimming you can feel the water pushing up on you, yet you can’t feel the massive weight of the 

column of air on top of your head? This is all down to fluid statics, the study of the density and pressure 

in stationary liquids and gases. 

Air Pressure 

If you’ve ever had an injection you will have noticed how easy it is for the doctor to push the needle 

through your skin. This is because the needle has a very sharp point and so when the doctor exerts a 

relatively small force the needle creates a greater deal of pressure on the skin. 

 Pressure is defined as the amount of force acting per unit area. 

If a large force acts on a small area it creates a greater pressure. The reverse is also true, the increase in 

the area over which the force is acting and so reduce the pressure.  

The pressure exerted by a force may be calculated using the equation below: 

• pressure = force / area 

• p = F / A 

P — pressure in Pa. 

F — force in N. 

A — area in m
2
. 

Pressure is measured in pascals. One pascal is equal to a pressure of 1 N per square metre (1 N/m
2
). 

Causes of Air Pressure 

Although we can’t feel it in our day to day lives, air has mass. This means it 

also has a weight. One cubic meter of air has a mass of about 1 kg and so a 

weight of 10 N. The simplest way to think about air pressure is to treat it as 

the pressure due to the weight of the air above pushing down on a certain 

area. When the air particles are near a surface some will bounce into it and 

so exert a force on the surface. It is this force that will gives rise to pressure.  

Atmospheric Pressure 

The atmosphere is the layer of air that surrounds the Earth. Above your head right now there is a column 

of air about 40km tall. The exact height is quite hard to determine due to the fact that as the height above 

the ground increases the air gets thinner and thinner until there is practically no air. These column of air 

has a weight, which presses down on you and it is this that gives rise to atmospheric pressure. 

There is a kind of Equilibrium between the pressure in our bodies and the surrounding atmosphere. If you 

went somewhere where pressure was much greater than atmospheric pressure our bodies would be 

crushed. For example, deep-sea submarines have to be very strong to withstand the crushing effect caused 

by the pressure of the water. 



The reverse is also true. If you went somewhere the pressure was very low (e.g. into space without a 
pressurized space suit) the pressure inside our bodies would push outwards with some very nasty effects! 

How big is Atmospheric Pressure? 

The weight of the column of air above 1m
2
 at ground level is around 101,000N! This means atmospheric 

pressure at ground level is around 101kpa. This is often referred to as 1 atmosphere or 1atm: 

 1 atm = 101 kpa 
What effect does altitude have on atmospheric pressure? 

The actual atmospheric pressure in the room today might be a bit 

higher or lower than 1 atm. The heating effect from the sun causes 

small changes in pressure due to the uneven heating of the Earth’s 

surface. This leads to high or low pressure weather systems.  

The height above sea level, or altitude, also has a significant effect on 

atmospheric pressure. As altitude increases the atmospheric pressure 

decreases. This means there is a smaller mass of air above you and so 

less weight pushing down.  

 
 
 
  
 

Measuring Atmospheric Pressure 

There are several instruments used to measure atmospheric pressure. The most common is a barometer. A 

mercury barometer is long and inconvenient, heavy, and contains a liquid that is hazardous and easily 

spilt. Therefore, an aneroid barometer is commonly used. (Aneroid means without liquid.) It is compact 

and portable. 

 

The construction of an aneroid barometer 

Why 760mm Hg? 

Pressure is often expressed in the units of mmHg. If the atmospheric pressure is equal to 1 atm then the 

height of the column of mercury in a barometer is 760 mm. We can prove this mathematically. 

The column of mercury will have a weight and the weight must equal the force due to the atmospheric 

pressure pushing up on the bottom of the column. Let’s imagine a column of mercury 760 mm tall with a 

radius of 5 mm. This exerts a force equal to its weight. The weight is given by w = mg and we can 

determine the mass of the column from its density and volume (ρ = m / V and so m = ρV and V = πr
2
h as 

this is the volume of a cylinder). So: 

 V = πr
2
h 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The areas cancel, which shows that the area of the column does not matter. Any column will reach the 

same height. This gives us: 

 

We use Mercury because of its density relatively higher than water.  

Some Uses of Air Pressure 

There are several uses for air pressure. Most rely on creating a pressure difference by pumping air into or 

out of a chamber. Pumping air into a chamber creates a greater pressure and pumping air out of a chamber 

creates a lower pressure. 

A suction pad is a round rubber pad, perfectly flat on one side. Wet this side and press the pad against a 

window or smooth wall, pushing out all the air from under it. The pad sticks firmly. Atmospheric pressure 

holds it in place. The pads are used to lift and move large sheets of plate glass, metal and plastics, to put 

notices on windows, and on many toys, e.g. arrows, that stick to walls. 

If you drink through a drinking straw, you are making use of atmospheric pressure. You suck on the air 

inside the straw. Therefore the atmospheric pressure outside is greater than the pressure inside, and liquid 

is pushed up. 

A lift pump (common pump) is often used to raise water from wells. A piston moves up and down a tube. 

There is a valve in the piston and also one at the end of the tube. A valve is usually made of leather, and 

has brass on it to make it heavy. The valves are normally shut. They let water pass upwards but not 

downwards. 



A force pump can pump water to a great height. Some, used by firemen, can force water hundreds of 

meters high. 

Bicycle pump 

The handle moves a piston in a metal cylinder in the Figure below. 

There is a cup-shaped leather or rubber washer on the end of the piston. 

This acts as a valve and let’s air move in one direction only. The soft 

edge of the washer fits closely to the sides of the cylinder. A bicycle 

pump with the washer reversed acts as a vacuum pump or suction 

pump. 

• Upstroke: The pressure below the piston is reduced. Atmospheric 

pressure forces air between the washer and the wall of the cylinder. 

• Downstroke: The pressure below the piston is increased. The washer 

is pressed tightly against the walls of the cylinder, making it 

airtight. When the pressure rises above the pressure inside the tyre, 

the tyre valve opens and air is forced into the tyre. 

                                              

                                                                                                                              Figure: how a bicycle pump works 

Siphon 

A siphon is a convenient way of removing liquid from a container such as 

an aquarium or petrol tank. 

How a siphon works 

The pressure at A and B is atmospheric. Therefore the pressure at C is 

atmospheric pressure plus the pressure due to the column of water BC. 

Hence, the pressure at C is greater than atmospheric and the water can push 

its way out against the atmosphere. 

                                                                                                                                      

Figure: a siphon  

Exercises 

1. You have 50kg mass and the soles of your feet have an area of 0.02m
2
. Determine the pressure 

you exert if you stands 

a) On booth feet 

b) On one feet 

2. A book rests on a desk. Its covers measures 14cm by 8cm. It exerts a pressure of 64pa. Determine 

the mass of the book in gram? 

3. Complete the table below: 

Force Area Pressure 

6N  200,000pa 

 600cm
2
 32pa 

4N 60m
2
  

640N 200cm
2
  

 2m
2
 4 kpa 

80N  0.6 kpa 

4. Plot a graph of altitude against atmospheric pressure using the information in pressure at different 

altitudes table?  
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Fluid Pressure 

In physics a fluid refers to a substance that will flow along a pipe. In common use fluids tend to 

mean just liquids. However, in science fluids include all gases as well as liquids. Another 

characteristic of fluids is that they can change their shape. This means they always take the shape 

of the container they are put in. 

There are still some very important differences between liquids and gases. Perhaps the most 

important is the fact that gases can be compressed by forces. 

Table: - summarizes the key properties of liquids and gases 

 
Fluid Density 

The density of any fluid may be calculated using the standard equation for density: 

 
As the particles are closer together in a liquid, liquids have higher densities than gases. 

Table: Densities of fluids 

 
Both temperature and pressure have an effect on the volume of a fluid. Therefore the densities in 

the above Table are at standard atmospheric pressure (101kpa) and a temperature of 20
0
C. For 

liquids it is fair to assume that the density is uniform throughout the liquid (as they are 

incompressible). However, for large volumes of gas the density increases as the gas gets closer 

to the surface of the Earth (due to gravity). 



Relative Density 

The term relative density is often used to compare the density between two fluids. In most cases 

this involves comparing the density of a fluid to that of water; however, it could be any other 

substance.  

The relative density of a substance is the ratio between its density and the density of water. For 

example, if something has a relative density of two it means it is twice as dense as water. You can 

calculate relative density using: 

 

Notice relative density has no units since it is a ratio. 

If we are comparing two identical volumes of fluids then the relative density can be calculated as 

the ratio of the masses of the same volume of fluid: 

 Relative density= mass of substance/mass of equal volume of water 

Pressure in Fluids 

We’ve already discussed atmospheric pressure but if we investigate pressure in fluids in general we find 

there are two key points to consider: 

 Pressure increases with depth 

 At any given depth the pressure is equal in all directions 

We have already derived an equation for pressure in fluids: 

 

This equation shows that the pressure increases with depth (h); in fact the pressure exerted by the fluid is 

directly proportional to the depth of fluid. Dive twice as deep and the pressure exerted by the water above 

you is doubled. 

The effect of Atmospheric Pressure 

If you go swimming the pressure acting on you is not just due to the water above you. You must not 

forget to include atmospheric pressure. 

 

 

 

 

 

 

 

The pressure on the swimmer would be the sum of the pressure due to the fluid and the atmospheric 

pressure. In terms of an equation this could be written as: 

 

Pascal’s principle 



If you conduct the experiment below the difference in the forces is clear. 

 

 

 

 

This difference comes down to the fact that liquids are incompressible; this means they can transfer 

pressure from one place to another. The force applied to the smaller syringe creates a pressure inside the 

liquid. This pressure is transferred throughout the liquid and is the same value everywhere. This pressure 

acts on the larger syringe and because the area of the syringe is larger the force exerted is also greater. 

This phenomenon is referred to as Pascal’s principle and it states: 

The pressure applied to an enclosed fluid is transmitted to every part of the fluid, as well as to the walls of 

the container without reducing in value. 

Pascal’s principle is used in the design and construction of simple hydraulic machines. 

 

If a force is applied to the left hand piston it will create a pressure inside the fluid. 

• p = F 1 / A 1  

This pressure is transferred throughout the liquid. It is the same everywhere. 

♦ p on the left = p on the right. 

The piston on the right has a much larger area. The force from this piston is equal to: 

• F 2 = p x A  
As the pressure is same throughout the fluid we can summarizes the relationship between the forces and 
areas in the following equation: 

 F1/A1=F2/A2 
Hydraulic Machines 

Pascal’s principle has many applications; one of the simplest is the hydraulic lift. This is used to lift a 
heavy object (such as a car) off the ground. 
Other examples include hydraulic presses and hydraulic brakes (in cars). Hydraulic presses are used to 
shape metal ( e.g. make motor-car bodies), to press waste paper or cotton wool into bales of small size, to 
press oil from oil seeds, and to lift cars so that work can be done easily underneath.  

Atmospheric, gauge and absolute pressure 
When it comes to measuring the pressure of a fluid there are several different terms you may come across. 
These include atmospheric pressure, gauge pressure and absolute pressure. 
Absolute Pressure 

The absolute pressure is the actual pressure at a given point. It is the true pressure of a system if all of the 

factors are taken into account (including atmospheric pressure). 

Atmospheric Pressure 

Atmospheric pressure has already been discussed. It is the pressure of the surrounding air when measured 

at the surface of the Earth. 



It has a value of 101 kPa. Atmospheric pressure varies depending on the temperature, the altitude above 

sea level and the impact of weather systems. 

Gauge Pressure 

Pressure gauges often give readings of gauge pressure rather than absolute pressure. Gauge pressure is the 

pressure difference between a system and atmospheric pressure. 

If the pressure gauge reads 25 kPa it would mean 25 kPa above atmospheric pressure (giving 126 kPa in 
total). 
Gauge pressure can be calculated using the equation below: 
 
 

 

 

 

As gauge pressure is relative to atmospheric pressure it is possible to obtain negative readings. A reading 

of -10 kPa would mean 10 kPa below atmospheric pressure. 

 

The relationship between gauge pressure, absolute pressure and atmospheric pressure 

Measuring pressure 

We have already looked at simple and aneroid barometers. However, there are a number of other ways to 

measure the pressure of a fluid. Most modern techniques use electronic pressure sensors. However, there 

are two other common mechanical techniques. 

Bourdon gauge  

A Bourdon gauge is a more practical instrument for measuring the pressure of a gas. 

 

 

 

 

 

 

 

 



Manometer 

A manometer is a simple instrument often used to measure the pressure of a gas supply. It comprises a U-

shaped tube open at both ends. The tube is filled with a liquid. 

 

 

 

 

 

 

 

 

The height difference between B and C can then be used to determine the pressure of the gas supply. 

 Pressure of gas= atmospheric pressure + pressure due to the column of liquid BC 

 

 

 

 

Forces in Fluids 

There is a force from the water that pushes you up, acting against gravity. This force is called a buoyant 

force (or sometimes upthrust). It arises due to the fact that as pressure increases with depth if you 

immerse an object in a fluid the pressure on the bottom will be greater than the pressure on the top.  

This can be shown by considering the equation, p = hρg. The difference in pressure can be found by 

using: 

 ▲p =▲ hρg 

This difference in pressure means there is a difference in force acting on the top and bottom of the object. 

The force on the bottom is greater and so there is net force upwards. The size of the buoyant force (Fb) 

depends on a number of factors including the density of the fluid and the volume of the object. Buoyant 

forces are not just limited to liquids. Air also provides a buoyant force but it is very small (as the density 

of air is much less than that of water). In order for it to have a significant effect the volume of the object 

must be huge. 

Apparent Weight 

As we mentioned earlier, objects immersed in water (or any liquid) appear to weigh less. Obviously their 

weight has not changed (w = mg) but they now have an apparent weight. The buoyant force pushes 

upwards, acting against the objects weight and so the weight appears to drop. 

The apparent weight may be calculated using the equation below: 

 apparent weight = weight - buoyant force 

This equation is more commonly used to determine the buoyant force 

acting on an object: 

 buoyant force = weight - apparent weight 

 



                                                            

 

                                                         The forces acting on an object in water 

 

 

 

Archimedes’ principle 

Archimedes realized that when an object is immersed in a liquid it displaces a certain volume of the 

liquid. 

 

 

A stone placed in a beaker of 

water will cause the level of 

water to rise as it displaces its 

own volume 

He determined that the weight of the displaced fluid was equal to the buoyant force. Or in his own 

words: 

 Any object, wholly or partially immersed in a fluid, is buoyed up by a force equal to the weight of 

the fluid displaced by the object. 

In other words, the buoyant force acting on an object is equal to the weight of the displaced liquid. 

 buoyant force = weight of displaced fluid 

The greater the volume of liquid displaced the greater the buoyant force. 

We can modify our equation for apparent weight in light of Archimedes’ principle: 

♦ apparent weight = weight - buoyant force 

♦ buoyant force = weight of displaced fluid 

♦ apparent weight = weight - weight of displaced fluid 

Floating and sinking 

Whether or not an object floats or sinks depends on the weight of the object and the size of the buoyant 

force acting on the object. In order to float an object must displace a volume of fluid equal to its own 

weight. This is called the law of 

flotation. 

If the weight of the volume of fluid 

displaced is equal to the weight of 

the object then the object will 

float. 

   

 

 



 

 

 

 

 

 

What about density? 

If, even when fully immersed, the weight of the volume of liquid displaced is less than the weight of the 

object, then the object will sink. A small cube of steel does not displace enough water to float. However, 

if you hammer out the steel into a bowl shape it displaces a greater volume of water and so will float. 

In other words, if the density of the object is greater than the density of the fluid it will sink. 

This means we need to consider the relative density between the object and the liquid. If the relative 

density is less than one the object will float (as the weight of the object will be less than the weight of the 

volume of liquid it displaces). If the relative density is more than one the object will sink (as the weight of 

the object will be more than the weight of the volume of liquid it displaces). We can modify our previous 

equations to include the density of the object and the density of the fluid. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Exercises 

1. Explain what is meant by the term fluid and give three examples. 

2. Calculate the pressure caused by sea water when diving to a depth of 100 m. What is the 

total pressure acting on the diver? 

3. State Pascal’s principle and describe one of its applications. 
4. Two pistons are connected together to make a hydraulic lift. The smaller piston has an 

area of 0.05 m
2
 and the larger piston has an area of 2 m

2
. Calculate the following: 

a) The pressure in the fluid and the force at the larger piston if the force on the smaller 

piston is 50 N. 

b) The pressure in the fluid and the force from the smaller piston required to lift a car of 

mass 1200 kg. 

5. Describe the relationship between the buoyant force and the weight of an object if the 

object: 

a) is floating 
b) is sinking 

6. An elephant has a mass of 3200 kg. Each of its feet covers an area equal to 0.08 m
2
. 

Calculate the pressure from each foot. 

7. Describe what causes pressure in gases in terms of the particles in the gas. 

8. Describe some similarities and difference between liquids and gases. 

9. How deep under water would you need to be in order to be at double atmospheric 

pressure? 

10. Explain the meaning of the terms atmospheric pressure, absolute pressure and gauge 

pressure. 

11. Describe the use of a manometer and calculate the pressure of a gas supply that causes a 

column of water 15 cm high. 

12. State Archimedes’ principle and explain how this leads to the law of flotation. 

13. Explain why a heavily loaded boat sinks lower in the water. 

14. The weight of an object is measured in air to be 7.0 N. The object is then immersed in 

water and its apparent weight is measured to be 4.0 N. Determine the buoyant force and 

state whether or not the object floats. 

15. A large ocean liner floating in the sea has a volume of 375 000 m
2
 and displaces 50 000 

m
2
 of sea water. Determine the density and mass of the ship. Explain why, despite being 



made of metal, the ship is able to float. 
16. Determine the relative density of: 

a) Mercury                    b) carbon dioxide                      C) petrol               d) honey 
17. Calculate the pressure exerted by the water at the bottom of a swimming pool 6m deep? 
18. Calculate the pressure exerted by the fluid in the following situations: 

a) Diving in sea water to a depth of 15m 
b) The base of a column of mercury 760 mm tall 

19. Determine the pressure acting on a diver 20 m below the surface? 
20. A toy submarine has a weight of 6.2 N in air. When immersed in water it has a weight of 

4.6 N. Determine the buoyant force and the weight of water displaced? 
21. A floating wooden block has a volume of 0.4 m

3
 and displaces 0.3 m

3
 of water. 

Determine the density of the block? 
 

 


