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Chapter 02:  Fluid Statics 

Buoyant Force and Center of Buoyancy 
When an object is submerged in a fluid, the pressure acting on the object deeper in the fluid (i.e., in the 
direction of gravity) will be larger than the pressure acting on the object shallower in the fluid.  As a result, 
there will be a net pressure force acting on the object.  This net pressure force is known as the buoyant 
force. 
 
To derive the value of the buoyant force, consider the vertical pressure forces acting on a narrow cylinder 
with cross-sectional area dA within a fully submerged object as shown in the following figure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The net pressure force in the vertical direction on the narrow cylinder, assuming an incompressible fluid, is, 

		dFp ,net = p+ ρfluidgl( )dA− pdA= ρfluidgldA   (acting opposite to gravity). (2.65) 

The total net pressure force acting on the object is found by integrating these small bits of pressure force 
over the entire cross-sectional area of the object, 

 
		
Fp ,net = dFp ,net

A
∫ = ρfluidgldA

A
∫    (acting opposite to gravity). (2.66) 

Since the density and gravity are assumed constant here, they may be pulled outside the integral, 

		
Fp ,net = ρfluidg ldA

A
∫   (acting opposite to gravity), (2.67)  

		
Fp ,net = ρfluidgVsubmerged

object
  (acting opposite to gravity), (2.68) 

where the integral is simply the volume of the submerged object.  This net pressure force acting on the 
object is referred to as the buoyant force. 
 
Notes: 
1. Equation (2.68) states that the buoyant force is equal to the weight of the fluid that’s been displaced by 

the submerged object.  This relationship is also known as Archimede’s Principle. 
2. The same analysis can be used for partially submerged objects.  In that case, the pressure acting on the 

top of the object is atmospheric pressure while the pressure at the bottom is patm + ρfluidgl’ where l’ is 
the length of the narrow cylinder that’s submerged in the fluid.  After integrating over the objects 
cross-sectional area (similar to Eq. (2.67)), we would arrive at exactly the same relation as in Eq. 
(2.68) except that the Vsubmerged object refers to just that volume that is submerged in the fluid. 
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