Del in cylindrical and spherical coordinates

Table with the del operator in cylindrical and spherical coordinates

Operation Cartesian coordinates (z,y,z) | Cylindrical coordinates (p, ¢, 2) Spherical coordinates (r, 6, ¢)
T = pcoso r = rsinfcos¢
Definition of coordinates y = psing y = rsinfsing
z = z z = rcosf
by = IS R
¢ = atan2(y,x) 6 = arccos(z/r)
z = z ¢ = atan2(y,z)
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Differential displacement dl = dxx + dyy + dzz dl = dpp + pdoep + dz2 dl = drt 4 rd66 + r sin Odpp
dS = dydzx+ dS = pdodzp+ dS = r?sinfdfdoi+
Differential normal area dxdzy+ dpdzp+ 7 sin OdrdpO+
drdyz pdpddz rdrdf¢
Differential volume dv = dxdydz dv = pdpdpdz dv = % sin §drdfdo

Non-trivial calculation rules:

1. divgrad f=V-(Vf)=V23f =Af (Laplacian)
curl grad f=V x(Vf)=0

diveurl A=V (VxA)=0

curlcurl A=V x (VxA)=V(V-A)-V2A
Afg= fAg+2Vf -Vg+gAf

Lagrange’s formula for the cross product:
Ax(BxC)=B(A-C)—C(A -B)
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e Note: This page uses standard physics notation; some (American mathematics) sources define 6, as the angle with the zy-plane instead of ¢.

e Note: The function atan2(y, z) is used instead of the mathematical function arctan(y/x) due to its domain and image. The classical arctan(y/x) has an image of
(=m/2,4+m/2), whereas atan2(y, x) is defined to have an image of (—m, 7].



