Course 02 : Differential operators

Scalar and Vector fields
Scalar field : Is defined us
f: IR® — IR
(x,vy,z) — f(x,y,2), Scalar
Example : f(x,y,z) = 3x?z+yz, f(1,—-1,3) =6.

Vector field : Is defined us
F: IR® — IR
(x,y,z) — F(x,y,z) = (F,F,,F3) , Vector
Example : F(Fy, F,, F3) = xy2 i+ 2yxzj—3xzk , F(1,-1,1) = i—2]—3k.
Differential operators

Nabla operator : Is defined as

Gradient operator : Let f a scalar field.

The gradient of f is a vector defined us Gradf =Vf
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Example : f,y,z) =xy+2y—3x+4 , Gradf(x,y,z) = (y—3)T+ (x+2)]

Gradf(0,1,1) = —20+27.
Divergence :  Let F a vector field. F(x,y,z) = (F,F,, F3).

The divergence of the vector F is a scalar defined us DivF =V.F .
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Example : F(x,y,z) = xy? T+ 2yxz] —3x3z k
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DivF(x,y,z) =V.F = % + 3y + Fp =y*+2xz—3x

DivF(=2,0,—1) = 7.
Curl (Rotational) : Let F a vector field. F(x,y,z) = (F,, F,, F3).

The curl of the vector F is a vector defined us RotF =V X F .



-

A

0F; OF 0F; OF 0F, O0F;\ -
ROtF=\7><F=i i i:(—B——Z)Z’_(_B__l)]"+(_2__1)k_
ox 0y 0z dy 0z ox 0z ox 0y
F, F, F;

Example : Let F(x,y,z) = xy2 T+ 2yxz] — 3x3z k.
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= —2xy7 4+ 9x22] +2y(z — x)k .
RotF(0,1,1) = 2k.

Laplacian :

If f is a scalar field, the Laplacian is defined us Af = V2f = V.Vf .
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Example : Let f(x,v,2z) = x3y + 5yz — 2y3 — xz + 2.
Af (x,y,z) = 6xy — 12y.
If F is a vector field, the Laplacian is defined us AF = V2F = (V?F;,V?F,,V?F;).
Scalar potential :
If we have the relation : F = —Gradf, we say that F is a vector field derived from a scalar
potential f.
The scalar potential exist if the vector field Fis irrotational. (RotF = 0).
Exemple : F(x,vy,z) = 2xy +z2) T+ (x®> + 3y?) ]+ 2xz k, f?F=—Gradf.
Vector potential :
If we have the relation : F = RotG,we say that F is a vector field derived from a vector
potential G.

The vector potential exist if DivF = 0 .



