
~hapter 1 : Differential operators.

1. 1 .
2 Recalls , rotations ,

and terminology.

·I : natural numbers (10 . 1 , 2
.
... 3)

· I : integer 1 : 2
,

-1
,

0
.

1 . 2
, 3. - -.

· For n = 2 (X X2) = (x , Y) , for was (xc
, X2 , Xs) = (X

, 4 1 z)

X = (Xe, X2, X3 ,
---

, Xn) ER ,
170

·

· A function that has real reves defined on 1 R

f :-->

* 1- f(x) = f(x y , x2 ,
- - -

,Xr)

that depends on multiple veribbles (xe , x2 , ..., Xn)



is called adofield defined on 2.

· For KEN we write that feC" (M) if all
the deciatives with order -K exist and are continuous

in 1



· A function that has rector rea values and is defined
ina<ph m

n>0
,

my 1

F : rect-t

*->F(x) = (F(X) ,
F2

,
(x) ,

-
- -

,Fm(X))

where
Fi : 2CH"-R

x + Fi(x) =Fi(X +, Xz ,
-

- -

, Xn)

i= 1 ,
---

,
M

is a retor field. You can see this as a collection
m

of scolor fields &Fili = 1



· Fore IN we write Fe(" ( ,R")

if Fi-Ck(e) , for i 1, . . . ,
m

· The differential operator nable,
denoted as It

,
is defined by

D =( ---xn)



1
.

2 The sudientoperator
-

1. 2. 1 Definition
let bect an open domain.

and f:t-> IR

* f(x) =f(x . . - -

,Xn)

a sadarfield feC'(r). The gradientof f is denoted as

goodf for if ,
or Df) and is defined as

gredf(x) = (Ex, -
It is the "product" ofD and f.



The gredientof a scaler field is a restor fild

godf : -cie-Hen

· f =fix , y) (rCR) , gredf =S
f = f(x , 3 .7) (rC(3) , gredf :(e)



1. 2.
2 Examples

· Exemple 1 : Let be fit-tH
(x, y , z) + - f(x , y , z) = X

< y3 sin(E3)

good fix, y .z) = (Exysinee , 3x2y
2
sinze

, exyz022) expe

· Example 2 : Let's consider a particle with massm that is placed

ot P = (X , 4 , 7) -3 and another potide with mass M . and

placed of Po = (o , Yo , z0) ER3. The potential of the gravitational

field is given by

f : /P-- gmM
-

(X, Y .z) -> f(x , Y,7) = -

1) (x -Xo) + (y- y)2 + (t-2)2



-

I
↑ det 11P-Pol = 1(X-Xo)2 + 1y-40)" + (5-20)2

f(x, y , z) = Y(r) = F ,
C=gmM

good f (x, 4,7) =(E
&Per , -

fdurxxo + (y - 40) + (7 -to)
=

EXXo
rde



=r

of
y

=
-c

good f = - (X- Xo, y - 10 ,
7 - z0)

1. 3 The divergence operator.-

let be eak" on open domain
and F:->R

M

X -F(X)

a rector field such that (s .
t

.) FEC'(1 , RY)



The divergence operator of F ,
denoted divF (or MoF)

is defined by
divF(x) = () + (x)+ )

You can seethic as the scalar product of T and F.

Remark : divF : &--th is a scolor field.

1. 3 . 2 Examples :

Exemple 1 : Let be

F : R3-> IR3

(x, y , z) +e
F(x, y , z) = (X2-

e
,
sin(Xz), y2e3xz)

divF(X , M ,7)= (2-e") + (in(x) + (2)



= 2x + o + 2xy)e
27

= 2x) 1 +yze2x7)-H .

Example 2 : Let us conside the gravitational force of the prev.
ex.

we assome that Po = 10
,

0
,0.

F : (S/ 10 .
0

. 03 -> pe3
(x ,Y , z) 1 F(x, Y .z) =

- (x, Y , z)

-) = - e( -3)

↳
ay 25

divF ==
x +y(+72)

-

33


