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1 definition of divergence
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3 Divergence and Laplacian in orthogonal curvlinear coordinates

In the curvlinear coordinate
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q = {z,y,z} : Cartesian coordinates (20)
q = {r6,z} : cylindircal coordinates (21)
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The differential distance vector dr and the unit vector e; may be given
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Here we only consider orthogonal curvlinear coordinates such as cylindrical coordinate and spherical coordinates.
The gradient can be defined by the sum of the product of the slope (rate of change) and the unit vector in the
i-direction. The slope can be written as
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Then the gradient in the orthogonal curvlinear coordinates
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In the cartesian coordinates,
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We will consider the flux vector J in Fig.3. The mass balance of the flow-in and flow-out in the J; direction can be
obtained if we consider the flow-out area also depends on ¢; !
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1The expansion may be done by s; but the differentiation should be done by ¢;. So the approximation is used here.
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In the same way we have the total amount for the volume element dsidsodss
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In the same way from Eq.(4) to Eq.(5) the divergence is given by the divide of the unit volume
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We also get Laplacian V2 when we use
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3.1 Laplacian in P. Chem.

J(qla q2, Q3) = gradqf =€

The Laplacian is very important in physical chemistry.
(I) For the diffusion equation
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(IT) For the wave equation
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In the spherical coordinates
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