Coordinate Systems ..

Curvilinear coordinates:

Here we introduce a notation that is applicable, in equal measure, to Carte-
sian, cylindrical, and spherical coordinates in 3-dimensional space. The basic
ingredients (with ¢ = 1,2, 3 or equivalent) are

> €;: mutually orthogonal unit vectors,

> h;: scale factors,

> du;: coordinate increments.

Infinitesimal displacement: ds = hidui€; + hodus€s + hzdusés.

Construction of gradient:
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Construction of divergence:

(V-F)dV =F-dA, dV =]]hidu, dA; = hjuzhsu.
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(Fihihi),  {ijk} = cyel{123}.

Construction of curl:

SV x F)dA; =Y Fdly,  dl; = hidu,.
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hi1hj [ a% (Fyhy) — a%(mi)}, {ijk} = cycl{123}.
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Construction of Laplacian:
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Cartesian coordinates:

position x:xi—i—yj%—zf{

displacement ds = dzi+ dyj +dzk

scale factors hy =1, hy=1, h, =1

volume element | dV = dz dy dz

area elements dA, = dydz, dA, = dxdz, dA, =dzdy
line elements dly, = dz, dl, = dy, dl, = dz
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divergence V.F = o + dy + Ep
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Cylindrical coordinates:

position X=rt+22

displacement ds =drt+rdo (}5 +dzz

scale factors hy =1, hg =1, h, =1

volume element | dV = rdrd¢dz

area elements dA, =rdpdz, dA, = drdz, dA, = rdrdeo

line elements dl, =dr, dly =rdo, dl, = dz
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Spherical coordinates:

position
displacement
scale factors
volume element
area elements

line elements

x=rt

ds=drt+rdf0+rsinddoo

hy =1, hg =71, hg =rsind

dV = r?drsin 6 db d¢

dA, = r*sinfdfde, dAg = rdrsinf do, dAg = rdrdb,

dl, = dr, dle =rdf, dly =rsinddeo
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