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1 The Concept of the Continuum 
and Kinematics 

1.1 Properties of Fluids, Continuum Hypothesis 

Fluid mechanics is concerned with the behavior of materials which deform 
without limit under the influence of shearing forces. Even a very small shear
ing force will deforrn a fluid body, but the velocity of the deformation will be 
correspondingly small. This property serves as the definition of a fluid: the 
shearing forces necessary to deform a fluid body go to zero as the velocity 
of deformation tends to zero. On the contrary, the behavior of a solid body 
is such that the deformation itself, not the velocity of deformation, goes to 
zero when the forces necessary to deform it tend to zero. To illustrate this 
contrasting behavior, consider a material between two parallel plates and 
adhering to them acted on by a shearing force F (Fig. 1.1). 

If the extent of the material in the direction normal to the plane of Fig. 1.1 
and in the x-direction is much larger than that in the y-direction, experience 
shows that for many solids (Hooke's solids), the force per unit area T = 
F /A is proportional to the displacement a and inversely proportional to the 
distance between the plates h. At least one dimensional quantity typical for 
the material must enter this relation, and here this is the shear modulus G. 
The relationship 

T=G"( ("!«1) (1.1) 

between the shearing angle 'Y = ajh and T satisfies the definition of a solid: 
the force per unit area T tends to zero only when the deformation 'Y itself 
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Fig. 1.1. Shearing between two parallel plates 


