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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?  


