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Vector Fields 
 

The state of a point within a natural object is 
frequently characterized by a vector or a tensor. 
Hence inside a spatial object there arises what we call 
a vector or tensor field. 
The position of a point in space is characterized by 
three numbers called coordinates of the point. 
In a general coordinate system the position of a point 
in space is determined uniquely by three numbers. 
These are referred to as curvilinear coordinates if the 
frame is not Cartesian. 
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Vector Fields 
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If we fix two of the coordinates and change the 
third, we get a line in space called a coordinate 
line. 



    

Reciprocal basis 
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Let us introduce the reciprocal basis by the relation 



    

Differentials and the Nabla Operator 
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The length of this infinitesimal vector is defined by 

Let f be a scalar differentiable function.Its differential is 

Let us introduce a symbolic vector 

called the nabla operator 



    

Gradient 
Let us find a formula for the differential of a vector 
function f 
 
 
 
 
 
Thus we can represent this as 
The quantity   , known as the gradient of f , is clearly 
a tensor of order two. 
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Divergence and rotation 
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The divergence 

The rotation 

The vector is called the curl of f. 

The tensor of spin 

The divergence and rotation operations for a tensor A of any order: 



    

Nabla operator and radius vector 
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