17.1 Vector Fields
Multivariable Calculus

Vector Field in R’ is represented by a vector whose components are functions:
F(x,y,2) =(F 1(x, ¥, Z), Fz(x, v,z),F 3(x, y, z)>

F= F i+ F j+ F k

. . ) .
It is not practical to draw a vector field in R, so we use a computer program to do it for us:
ﬁ(z,y,z) =227 -2yj 22k
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V= (f:n f‘ya fz)

This is a vector field and often called the gradient vector field

2. Find the gradient vector field of:
a. f(xy) = x"sin(5y) b. f(xy,2) = ze

2
-P% = 2XS\NSY “‘\a = D% cosSYy

7§ = <2%xs\n Sy, szc.ossa> = <—-itd€.—"% -ye.-x/ e."%)

Divergence of a vector field F=(F F,F, )

_ _OF  9F,  OF,
div(F)= .-+ Bt%-'- a2
Often write as a dot product:
(9 9 _a
V_(Bx’ ay’ az>
VeF={Z, 7 Z){F F,F )=+ gt e

Properties:
1. div(F+G)=div(F)+div(G)

2. div(cF)=cdiv(F)

What is divergence?
Example: consider a gas with a velocity vector field given by E
If div(F)>0 at a point P, then an outflow of gas occurs, expanding
If div(F)<0 at a point P, then the gas is compressing toward P
If div(F)=0 the gas is neither compressing nor expanding

3. Evaluate the divergence of F=<exy, Xy, z4) atP = (1,0,2)

dw@F) = & %9 d > L9
= A ~ 2. 2
O% dy d >2

A
=g¢%+0\-\-l-\23

aw (¥ 0,0,2) = 0e® + 1 +4(D° =] 33\
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Curl of a vector field F=<F 1 F2 F 3 )
i j k
i i} il
curl(F) %z By Oz
F1 F2 F3
(o R R B RaEi |
Jdy 0Oz oz 9z )° Ox Oy
curl(F)=V x F

Properties:
3. curl(F+G)=curl(F)+curl(G)

4. curl(cF)=c curl(F)

What is curl?
Curl tells us about the rotation.

4. (Calculate the curl of F=<xy, e, v+ z)
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c.oﬂ(F) =




