Let f:R3 — R and F:R? — R3. Write F = (f1, fo, f3).
Similarly for g and G.

Define:
grad(f) = VS = (8,%.%)
div(F)=V-F _%12+88];2+88J;3
curl(F)EVxF:(%_%7%_%,%_%>
)

laplace(f) = V2f 8;; + 8yf —|—
laplace(F) = V2F = (V2f1, V2 fa, V2f3)
The following properties hold:

grad(f+g)EV(f+g) =Vf+ Vg
diviF+G)=V- (F+G) =V-F+V- -G
crl(F+G)=Vx(F+G)=VxF+VxG
grad(fg) = V(fg) = fVg+gVf
div(fG) =V - (fG) =Vf-G+fV-G
curl(fG) =V x(fG) =VfixG+ fVxG
grad(F G)EV( G) =F - V) G+ (G- V) F+Fx (VXxG)+Gx (VxF)
div(F x G) = (FXG) =G -VxF-F -VxG
carl(FxG)=Vx(FxG)=FV -G)-G(V-F)+(G-V)F - (F-V)G
divgrad f =V -V f = V2f = laplace f
curlgrad f =V x Vf =0

divewrlF=V - (VxF) =0
curl>?F =V x (Vx F) =VV - F — V2F = graddiv F — laplace F
graddivF = VV - F =V x (V x F) + V?F = curl> F + laplace F

The other combinations, grad?, div? and grad curl are meaningless.



