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CURVILINEAR COORDINATES
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6.1 INTRODUCTION
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UNIT VECTORS IN CURVILINEAR COORDINATE SYSTEM

Since the three coordinate curves are generally not straight lies , as in the rectangular co
' ,such a coordinate system is called the curvilinear coordmate system ]

r o x?+y'j\+z; be the position vector of a point P . Then the set of equations
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YECTOR AND TENSOR ANALYS)S

The quantities |, o
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onhogonal‘[ see figure (6.3) below ] :
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6.5
If the coordinate curves intersect at right angles ,

the curvilinear coordinate system is called orthogonal .

The u,,u,, and u, coordinate curves of an orthogonal
curvilinear system are similar to the x,y, and z coordinate

axes of a rectangular Cartesian system . For this system ,
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the two sets of unit vectors e,,¢e;,¢3 and E, ,E,,E,
are the same. [see theorem (6.1) below] . In an orthogonal
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are the components of A .

rthogonal curvilinear coordinate system can be expressed in terms of uni

=C; and u, = C, respectively .
system there exist , in general , two sets of unit vector

A
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» the two sets become identical if and only if the curvilinear coordinate system i

ORTHOGONAL CURVILINEAR COORDINATE SYSTEM
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Figure (6.3)
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Combining the three equations , we can write | Vu;| = b: . )= 250

By definition ,

- = hy Ve = é_;, j = 1,2,3 and the result is proved .

6.6 EXPRESSIONS FOR ARC LENGTH , AREA , AND VOLUME ELEMENTS IN
ORTHOGONAL CURVILINEAR COORDINATES

ARC LENGTH ELEMENT
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_ VOLUME ELEMENT
3 We know that the absolute value of the scalar wniple product gives U
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EXPRESSION FOR JACOBIAN IN ORTHOGONAL |
COORDINATES

If u,,u;,a0d u, are the orthogonal curvilinear coordinates . and
- x=x(u,,u,,u,), y=y(u,,u,,u,). l-l(\l‘.ux.“])
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CURVILINEAR COORDINATES
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EXPRESSION FOR CURL
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CURVILINEAR COORBINATES
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EXPRESSION FOR LAPLACIAN
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