Spherical coordinates (1,0, ¢) € R} x [0, 7] x [0,27)

x = rsin(f) cos(¢),y = rsin(f) sin(¢), z = r cos()
= sin(6) cos(¢)x + sin(0) sin(¢)§ + cos(6)z
6 = cos(0) cos(¢)X + cos(0) sin(¢)y — sin(6)z
¢ = —sin(¢)% + cos(¢)y
Gradient:
or. 10T , 1 JT -
viI= Er—i_ r 80 + rsin(f) ¢
Divergence:
LA L9 1 v
Vov=Eoa or (rfor) + rsin(f) 06 (sin(B)vo) + rsin(f) 0¢
Curl:
_ 1 g, . Ovg | . 1 1 v, 0 A~ 1
V Xv= ’I"Slin(e) [89(5111(9)%)) — 3(25:| r+ ; |:SH1@% - aT(T’U(z,)] 0+ ;
Laplacian:

op_ L O (20T 1 0 [0 0T\, 1
VT_T287" " or +r251n(9)80 Sm(e)@@ +ﬂsin2(0) 0¢?

Cylindrical coordinates (s, ¢,z) € R x [0,27) x R

x = scos(¢),y = ssin(g),z = z
§ = cos(¢)X + sin(¢)y

Gradient:
or, 10T . 0T,
VT = gs—k ;%(b"- az
Divergence:
1 10vy  Ov,
A\v4 V—*as(své)—F*ai(b a
Curl:
10v, Ovg\ . ovy, Ov,\ -~ 1[0
Vxv= (sa¢ —az>s+<az - as)¢+s[as<5“¢>‘
Laplacian:
by 10 (DTN LPT 5T
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Spherical coordinates Cylindrical coordinates




General
Identities:

V(fg)=fVg+gVf
(A B)=AX (VXB)+BXx(VXA)+(A-V)B+(A-V)A
V- (fA)=f(V-A)+A-(V])
V( xB)=B-(VxA)—A-(V x B)
X (fA)=f(VXA)-AXx(Vf)
Vx(AxB):( “V)A-(A-V)B+A(V-B)-B(V-A)

Fundamental theorems:



