Gauss-Green-Stokes (GGS) & Related Theorems
Irrotational Fields Divergenceless Fields
general form: .[df = Cf) f 1. VxF=0 everywhere 1.V-B=0 everywhere

Grad |VV-dl =V(b)-V(a) 2.

=

F-dl =0V closed loop 2. Cf)E-dA =0 V closed surface

Q S,

b
Stokes '[ (VXE)-dA= Cﬁ E-di 3. J F-dl is path-independent 3. .[E -dA depends only on S
Surface dSurface a S
Gauss _[ (?-E)dV: Cﬁ E-dA 4. F = ? for some g(r) 4. B=VxA for some A(F)
Volume dVolume
Vector-Calculus Identities
Triple Products: ~A-(BxC)=B-(CxA)=C-(AXB) Ax(BxC)=B(A-C)-C(A-B)

Ist Deriv:  V(fg)= f(Vg)+ g(Vf) V(A-
V-(fA) = f(V-A)+A-(Vf) V(A B):BﬁxA)—A-(VxB)
VX(fA)= f(VxA)—AxVf Y

2nd Deriv: Vx(Vf)=0 V. (VxA)=0 Vx(VxA)=V(V-A)-V4A

Cartesian Coordinates Line Element: dl =dx X+dy y+dz 2

Gradient: vV=—x+—y+—z

ox dy 0z
Divergence: ?-E:aalj:+aaE;+aaiz ™ ?=x)?+y9+zﬁ
SR N3 LA Y R P
dy 0z Jdz  oOx ox  dy i
Laplacian: ~ V°’V = gx‘; 3;‘/ + 3; 4



Spherical Coordinates

Line Element: dl =

dr #+rd6 0+rsin0dg ¢

x=rsinfcos@ % =sinOcos¢ 7+ cosOcos¢ O —sing o F=rr
y=rsinf@sin¢ $=sin@sing 7 + cosOsing O+ cos¢ @
z=rcosb 2=cosf F—sin6 6 i
0o/
r=x*+y' +7° 7 =sinOcos¢ X +sin@sing y+cosO 2 reoo
A A . A . A < :
O=tan"'(yx* +y /2) 0 =cos@cos¢ X +cosOsing y—sin@ 2 s !
¢ =tan"'(y/ x) ¢ =—sing x+cos¢ 9 q) T \i
= oV 1 AV ~ 1 9V~
Gradient: VV=—r + —
raden o' 796 rsinf 99 9, % 9%
1 o ,0V 1 0 oV R 1o b in0o
Laplacian: VV=—=— 2_]+ (s 9_) - r 6 sinf¢
apracian r’ ar(r o ) rsin6 0o\ 06" rsin’6 00’ R .
6|0 —r cosB¢
Divergence: ?-E—ii(ﬂ ) i(sint9 E)+ ! aﬂ
senee TP 7 rsin6 06 " rsin® 09 50 o —SMO7
o AR i g1 %
Curl: VxE=— | 9 (sing )~ o | O] L 9E 9 p, ¢[ (rEe)—ﬂ}
rsin@| 00 00 r sin@ d¢  or rlor 00

Acceleration: a = ?[i" —r

6 —

Cylindrical Coordinates

Line Element: dl =

X =S5C0sQ X=cos¢ s—sing ¢
y = ssing $=sing §+cos¢ ¢
z=2z z7=7
s=4x*+y° §=+cos¢ x+sing y
¢=tan" (y/x) ¢=—sing X+cos 3
z=2z z7=7
= aV 10V~ oV
Gradient: vv ——O0+—7
radien =S+ 3 . 2
. 1o oV) 10V 9V
Laplacian: V2V=;£(sgj+s—2a¢2 + .
. oE
Divergence: 'V EZE%(SEY)+§8_J aaiz
= - oE . 5
Curl: VXE=5 l%__«b +¢PE‘Y—8EZ}+Z a( )_ai
s 0p Oz dz Ods | s|O0s 00
Acceleration: a = §[§—s¢2:|+q3[s¢5+2$¢]+2[z]

ds $+sdo ¢+dz 3

r¢’ sin’ 9] + é[ré +270 — r¢* sinfcos 0] + g?)[sin@(rg'b' +27¢) + cosQ(2r9¢)]

N F=885+2
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