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1 Introduction

A curvilinear coordinate system is a coordinate system composed of intersecting surfaces. If the intersec-
tions are all at right angles, then the curvilinear coordinates are said to form an orthogonal coordinate
system. If not, they form a skew coordinate system. An orthogonal coordinate system is a system of
curvilinear coordinates in which each family of surfaces intersects the others at right angles. Orthogonal
coordinates therefore satisfy the additional constraint that

€; €5 = 51']'

In a curvilinear coordinate system, the position of a point is specified by a set of coordinates, and each
coordinate is associated with a curve or surface. The choice of curves or surfaces is often motivated by
the symmetry of the problem being analyzed. The primary advantage of curvilinear systems is that they
simplify the mathematical representation of physical systems with specific symmetries.
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2 Spherical Polar Coordinates
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Differential Operators
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3 Cylindrical Polar Coordinates
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Differential Elements
Line Element
dr = h,dpp + hyddd + h.dz2 = dpp + pdod + dz2
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Divergence

_ 1 I(hoh.F,) | O(hph.Fy)  O(hphotF:)
N o o . P B S
1o :
_ L|0(pEy) | OF, | paF
pl Op 0¢ 0z
_10(F,)  10F,  OF.
p Op p 0¢ 0z
Rotational
hop  hed  h.2
VXxF= W 0/0p 0/0¢ 0/0z
PR\ F b,  Fyhy Foh,
1, (o) 0heFs)\ ., (0aF)  0hE)\ s, (0heFs)  0hEy)
_p_h”< 96 9. )P e 75, ;K] 20 )*
_L|(oF _ oF\ o (OF. 0F,)\ o (00F) 0,
=5 <a¢> paz>” ”(ap 8z>¢+< op 06 )7
_(LoR oR)\ (9B 0\ 1(00F) 0F,),
_<p8d> 82>p <8p 5‘z>¢+p< ap 0 o
Laplacian

Vf=V-(Vf)=V- <p+ -+ z>

Cvo (o) 1 oy
“oop\"op) T pag? T 022




4 Parabolic Coordinates
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Laplacian
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