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Archimedes Principle 



Background

• [C. 250 B.C]



Definitions

In On Floating Bodies, Archimedes suggested that (c. 250 BC):

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



Definitions

Archimedes' principle shows buoyant force and displacement of fluid. 
However, the concept of Archimedes' principle can be applied when 
considering why objects float. Proposition 5 of Archimedes' treatise On 
Floating Bodies states that:

“Any floating object displaces its own weight of fluid.”



Example

• For an object floating on a liquid surface (like a boat) or floating 
submerged in a fluid (like a submarine in water) the weight of the 
displaced liquid equals the weight of the object.
• When any boat displaces a weight of water equal to its own weight, it 

floats. This is often called the "principle of flotation": A floating object 
displaces a weight of fluid equal to its own weight.



Formulation

•F = ρ g V, where
oF= Buoyant Force
oΡ = Density
o g = 9.81 m/s^2
oV = Volume of displaced 

fluid



Example
•A ship floating in sea water, with density of 
1025 [Kg/m^3], displaces 115 m^3:

a) Determine the weight of the ship.
b)The volume of water that the ship will 

displace if it were in fresh water. 

Ans: 1156 [kN], 118 [m^3]



Problem
•A block of wood 4m long, 0.3 m wide and 
0.25m thick floats at a draught of 0.15 in sea 
water [1025 kg/m^3]:

a) Calculate the mass of the wood.
b) Calculate the density of the wood.

Ans: 184 [kg], 615 [kg/m^3]



Hydrostatics



Overview

• Pressure.
• Fluid Pressure.
• Hydrostatic pressure on submerged surfaces.



Pressure

• The pressure acting on a surface is defined as the perpendicular force 
per unit area of the surface.
• P = F/A [Pascals]
• Example: Calculate the force exerted by the atmosphere on a pool of 

water that is 30m long and 10 m wide, when the atmospheric 
pressure is 100 kPa. 
• Ans: 30 MN



Fluid Pressure 

• A fluid is either a liquid or a gas and there are four basic factors 
governing the pressure within fluids



Factor 1

The pressure at a given depth in a fluid is equal in all directions



Factor 2

The pressure at a given depth in a fluid is independent of the shape 
of the container in which the fluid is held.
Here, the pressure in X is the same as the pressure in Y.



Factor 3

Pressure acts at right angles to the surface containing the fluid.
Here, the pressure at points A to F all act at right angles to the 
container.



Factor 4

When a pressure is applied to a fluid, this pressure is transmitted 
equally in all directions. 
Here, if the mass of the fluid is neglected, the pressure at points A 
to D are all the same. 



Fluid Pressure

• The pressure at any point in a fluid depends on the three factors:
1. The density of the fluid [ ρ: Kg/m^3].
2. The gravitational acceleration [ g: 9.8 m/s^2].
3. The height of fluid vertically above the point [h: meters]
• The relationship connecting these quantities is:

P = ρ g h [Pa] 



Fluid Pressure

• Example: The container shown is filled with water of density 1000 
kg/m^3. What is the pressure due to the water at a depth of 0.03 m 
below the surface?



Problem

• A tank contains water to a depth of 600 mm. Calculate the water 
pressure

a) At a depth of 350 mm
b) At the base of the tank.
Take the density of water as 1000 kg/m^3 and the gravitational 
acceleration as 9.8 m/s^2.

Ans: a) 3.43 kPa b) 5.88 kPa



Applications

• The vertical side of an oil tank is 3.6m wide. The depth of oil in 
the tank is 2.4m. Calculate the total horizontal thrust on the side 
due to the oil in the tank, if the relative density of the oil is 750 
kg/m^3.

Ans: 76 kN



Applications

• A storage tank 1.5 m wide has two compartments separated by a 
vertical partition across the width. One side contains water to a depth 
of 2.4 m and the other side contains oil to a depth of 1.2 m

Find the resultant horizontal force on the partition if the density of oil is 
800 kg/m^3 and the density of water is 1000 kg/m^3

Ans: 33 kN



Fluid Flow 



Flow Continuity 

Volumetric flow rate: V = A v [m^3/s]

Mass flow rate: M =  ρ A v [kg/s]



Flow Continuity 



Flow Continuity 

• The fluid flows at a constant rate so the mass flowing past each point 
over a given period of time must be the same. Therefore;
• m = ρ1 A1 v1 = ρ2 A2 v2 = ρ3 A3 v3



Flow Continuity 

• We only have to consider liquids and in this case the density does not 
change from one point to another. Therefore the volume flow rate 
must be the same at all sections, as follows;
• V =  A1 v1 =  A2 v2 =  A3 v3



Example

• Water, with a density of 1000kg/m3, flows through a pipe which 
tapers from a diameter of 1m to a diameter of 0.5m, at a rate of 150 
kg/s.

a) Calculate the volumetric flow rate.
b) Calculate the velocity of flow at the entrance to the taper.
c) Calculate the velocity of flow at the exit from the taper.

Ans: a) 0.15 m^3/s b) 0.191 m/s c) 0.765 m/s



Problem
• Oil, with a relative density of 800 [kg/m^3], flows 

along a horizontal pipe which varies uniformly in 
section from 100mm diameter at a to 150mm 
diameter at b. If a flow rate of 40kg/s is required, 
calculate the velocity of the oil at the inlet and outlet 
to the taper.

Ans: inlet = 6.4 m/s , outlet = 2.8 m/s



Hydraulic System Basics 

• The basic idea behind any hydraulic system is very simple: Force that 
is applied at one point is transmitted to another point using an 
incompressible fluid.
• The fluid is almost always an oil of some sort. The force is almost 

always multiplied in the process.



Pedal Force = 10N
Piston Force = 
40N


