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Line, Area and Volume Elements in Cylindrical Polars

r(p,¢,2) = pcospi + psindj + zk

Line element:
dr = h,e,dp + hgeysdo + h,e,dz

h,=1 e, = cos@i + singj
h¢:p ey :—Sin¢i+COS¢j
h,=1 e, = k
Area elements:
e, pdpdz (p const)
ds = esdpdz (¢ const)
e, pdpdo (z const)

Volume element:
dV = pdpdedz

Differential Operators in Cylindrical Polars

1 0 1 0 1 0

V:h—pepa—p+h—¢e¢a—¢+h—zeza
Gradient: of Lo of
Vf = a—pep + ;6_¢e¢ —+ gez
Curl:
1] e pey e,
VxF = —|9/0p 0/0¢p 0/0z
Pl\'F, pFsy F,
Divergence:
10Fy OF,
F = F -—
Laplacian:

0%f 19f 1 8%f  Of
2 f— [ _—— —_— [
VI =52t 500 T Foer T o

for a scalar field f(r) and a vector field F(r) = F,e, + Fye, + Fle,
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Line, Area and Volume Elements in Spherical Polars

r(r,0,¢) = rsinf cos i + rsinf singj + rcosfk

Line element:
dr = h,e,.dr + hpegdd + hyesdo

h.=1 e, = sinf cos¢i + sinf singj + cosfk
hg =r eyp = cosf cospi + cosfsingj — sinfk
hy = rsinf e, = —singi + cos¢j

Area elements:
e, r?sinfdfd¢ (r const)

dS = eprsinfdrde (0 const)
ey rdrdd (¢ const)

Volume element:
dV = r?sinfdrdf de

Differential Operators in Spherical Polars

V—i 2+i 2+i g
T hTor " he P00 T hy Y99

Gradient: of Lo 1 of
VI= arer T 1 96% T reing 06
Curl:
1 e, reg rsinfey
VxF = ———10/0r 0/00 0/0¢
r? sin 6 .
F, rFop rsinfFy
Divergence:
10 1 0 1 OF,
‘F = = —(r’F. — (sin O F; =2
v r2 8T(T )+ rsin 6 GG(Sm o) + rsinf O0¢
Laplacian:
20f 1 0 of 1 0%f

vep = &8 200 —(Siné’—) SR
or? ror  r2sinf 00 00 72 sin%6 0?2

for a scalar field f(r) and a vector field F(r) = Fr.e, + Fyey + Fye,



