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1. In curvilinear coordinates systems, three coordinates(orthogonal is defined) ¢1, g2 and g3. Any vector in 3D space
is written as follows:

V = Vidi + Vago + Vs

The regular cartesian coordinates can be written as follows:

x =x(q1,92,93)
Yy = y(leQQaQS)
z = Z(Q17Q2,(J3)

(a) apply the above equations for the case of spherical and cylindrical coordinates
(b) Write the full derivative dz, dy and dz in terms of the three curvilinear coordinates.
(c) Use the results of the previous part to write dr = dai + dyj + dzk as a summation in curvilinear coordinates
(d) Calculate ds? = dr - dr
(e) Prove that
ds® = (hidg;)*
i
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(f) Calculate h,, hg, and hy (called scale factor)

2. The Cartesian surface element dxdy, which becomes an infinitesimal rectangle in the curvilinear coordinates ¢,
g2. The transformation between area element in cartesian coordinates (x,y,z) and curvilinear coordinates is given

by:
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and the volume element is given by:
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Apply the area element for polar coordinate and the volume element for spherical coordinate. Comment on the
results.

3. In curvilinear coordinates the gradient, divergence, curl, and the lamarckian are give by:
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Apply these three for cylindrical and spherical coordinates, check your answers with the ones in the book. In
addition find the laplacian



