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Body = Collection of Material Particles

X= Material Point = Position of particle at time zero

Motion: x = x(X, t) 

Inverse Motion: X=X(x,t)
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Streamlines are curves that are tangent to the 
velocity vector field
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The streak line of point  xo at time t is a line, 
which is made up of material points, that  have 
passed through point xo at different  times t
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 Inverse Deformation 
Gradient

Deformation Gradient
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Lagrangian 
Strain Tensor KLKLKL CE2  KLKLKL CE2 
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Eulerian 
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Partial Time 
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Time Derivatives
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Spin Tensors

Vorticity Vector

)vv(
2
1

k,,kk   )vv(
2
1

k,,kk  

j,kijkkjijki v j,kijkkjijki v

ii 2
1
 ii 2

1


Angular Velocity
Vector vω 

2
1 vω 
2
1

ωdv  T)( ωdv  T)( vζ  vζ 
ME 527 G. Ahmadi

Concluding Remarks
 Motion & Inverse Motion
 Time Derivatives
 Velocity and Acceleration
 Deformation Rate Tensor
 Spin Tensor & Vorticity

ME 527 G. Ahmadi


