Nabla operations

Cartesian coordinates (x, v, z) z
oV oV v az
v f— _ —_— —_
\% axax+ayay+aZaz X
a a, a; ax ay
) F) )
V XA = ﬁ @ E
Ay A, A, Y
0A 0A 0A Y
VA= X422 -
ax + oy "z X
02V 02V 9%v
VWV ==+ s+ =—
0x? * 0y? * 0z2
z
Cylindrical coordinates (v, ¢, z) a;
oV 19V oV a9
VV=arﬁ+a¢;£+az£ L a,
a, asr a;
115 3 3 S
VXA=T\5 g iz b e Y
Ay TAp A
X
10 10Ay 0A;
VA= 1’61’<TAY)+T o * oz
10 ov 1 02V 22V
() A
ar \"ar) Tr2agr T a2 z

Spherical coordinates (R, 0, ¢)
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Coordinate transformations

Cartesian -~ Cylindrical

X =rcos, y =rsing, z=2z
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Cartesian - Spherical

x = Rsin 6 cos ¢, 7y = Rsin 0 sin ¢, z=Rcos@
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Cylindrical ~ Spherical
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Other useful formulas

Cartesian coordinates

df =a,dx+a,dy+a,dz

dsy =dydz
dsy =dxdz
ds; =dxdy
dv =dxdydz

Cylindrical coordinates

dl =a,dr +agrde +a.dz

dsy, =rd¢dz
dse =drdz
ds; =rdrddg

dv =rdrd¢dz
Spherical coordinates
df =agdR +apRdO +agRsin0de¢
dsg = R>sin0d0d¢p
dsg = Rsin0dR dd¢
ds¢ = RdRdO
dv =R?sin0dRdOd¢

Divergence theoremJ V-Adv = § A-ds
v s

Stokes’ theorem J (VXA)-ds= } A-dfb
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