Vector valued fuhctions.

g i

Definition: Let D C R” be open and let ‘ D — R Y be a vector valued
function.

The function f is called partial differentiable on x c D, if for all
=17 h the limits

of , 4
OX; (x7) = tll—% t

exist. The calculation is done componentwise

(8751\

OX;
(x°) = : fori=1,...,n
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Definition: If m = n the function f : D — R%is called a vectorfield on D.
If every (coordinate-) function fi(x) of f = (f,..., )" is a Cxfunction,

. k .
then f is called C*—vectorfield. "E

Examples of vectorfields:

e velocity fields of liquids or gases;
‘o elektromagnetic fields;
e temperature gradients in solid states.

Definition: Let f : D — R" be a partial differentiable vector field. The
divergence on x € D is defined as

div f(x°) := Z 8X
i | ‘ f{'\
divE(x) = VTE(x) = (V,£(x) (mn}:,w %7 )|

‘“,;- Yok
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Rules of computation and the rotation. |

The following rules hold true:
div(af+5g) = adivf+Bdivg forf,g: D — R"

div(e-f) =_(Ve,f)+ pdivf forgp:D%Rf D — R"
‘é 3 let) = S + 6t = qanf +fv¢)
Remark: Let f : D — R be a Cz—functlon then for the Laplauan we have

Af = div(VF)s E & @‘( f

i %A 0'4

Definition: Let D C R3 openand f: D — R3 2 partial differentiable
vector field. We define the rotation as

ch () — (O _ 0k Oh  Of 0h af\ "
-\ Oxo Ox3'Ox3 Ox1 Ox1  Oxo

x©

i
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Alternative notations and additional rules. |

€1 €- €3
(4" .
Leg‘rf(x) =V xf(x)=| 22 2| =
X1 j X2X X3
hl!l h[1f
Remark: The following rules hold true: , |
CQL CW‘ éhj
ot (af +5g) = aueotf+ Bretg

ol got(p-f) = (Vi) xf+protf

Remark: Let D C R3 and ¢ : D — R be a_Ci—function. Then

Mt (Vi) = 0,

using the exchangeability theorem of Schwarz. l.e. gradient fileds are rotation-free
everywhere.
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e
el @) = (@_(bél a«(@&\l | )

=0 .( ‘fecz (Seh want-)

™ (t{f ) =(1(§’_(_".. QSL@) é%«l ab) VAN, 5(‘6‘7’)
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