Partial derivative

A partial derivative of a function of several variables is its derivative with respect to one of those variables, with the others held
constant. The symbol used to denote partial derivatives is a

o o9

The partial derivative of a function f(x,y, Z) denoted with respect to the variable by:

af of

Ex: Find the partial derivative — ,— ,— ofafunction f(x,v,z) = 3 x2 y* z° :
p ax’'dy oz f(xy,2) y
g—(Zx) 3yt 28 g=(4y3) 3 x? 26 of = (62°)3 2% y*
______ ax YRy T e R
g g ﬂ : E— 2xz
Ex: Find the partial derivative ox '3y oz of afunction f(x,y,z) = sin(xy) +e
af_ Iyz af_ af_ 2xz
3x = Cos (xy)y+e™* (2z) ¥y cos (xy)x+0 3 0+ e (2x)
af ad i)
Ex: Find the partial derivative o ,—f ,—f of afunction f(x,y,z) = sin"1(xy) + In (xyz) :
dx "dy "oz
af y yz aof x Xz af xy

— + —= - —=0++—
Jx  [1- (xy)? *yz ay [1— (xy)2 xyz dz xyz

The gradient

Grad or del operator, or nabla, is an operator used in mathematics, in particular in vector calculus, as a vector differential
operator, usually represented by the nabla symbol V.

In the three-dimensional Cartesian coordinate system, the gradient is givenby: [ = i i+ i j+—=— J k
dx  dy 0z
Ex: Findthe grad f (Vf) where f=(xy2z)
vf= o i+ - of ; f =>I7f (yz)l+(xz)]+(xy)k
6x By J 62

Ex Fmd the gradf (Vf) where f = sm(x yz) + e(Z 3

_of . of of
Vf_a ay}+6‘zk

= Vf =[cos(x? y*)(2xy?) + 0] i + [cos(x? y*)(x* 2y)+ 0] j + [0 + e(?*) Zz] k
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Divergence divF or V.F
Divergence is a vector operator that operates on a vector field, producing a scalar field giving the quantity of the

vector field source at each point.

or d d ad
. divF — V.F =(—i+—j+— )(F i+F j+F k)
F = in+ij+sz ax ay 0z * y z

EX: Find the divergence of the vector field F — 2xy i+ yzzj +xzk at the point (1,—1,2)

{F=2xyi+yz?j+xzk|

: T Ty di o O v 2 v %) ayity?jtazk
=i e Lk divF = V.F = P ay} a7 (2xyi+yz*j+xzk)
i dx  dy az |
V.F 6(2 )+6( 2)+0()
— V.r = — X -_— VA —(XZ
0x Y ay Y 0z
2 at the point (1,-1,2)
= V.F =2y )+(z°)+(x) > V.F =3
\]’/ \ P/ ' | ] | ’
(@ (b) (©
(a) Positive divergence, (b) negative divergence, (c) zero divergence.
divF>0 divF<0 divF=0
curl
The curl is a vector operator that describes the infinitesimal circulation of a vector field in three-dimensional space.
| F=F,i+F, j+Fk | i j k
l ' Curl F—=V x F 0 9
: 3 5 \ =CurlF=—=VXxF=|- - =
v=_ i+ j+. k | 0x 0y 0z
i dx dy dz I F, Fy, F,

EX: Findthe Curl F where F = (Z%y) i+ (xyz) j+ (yx®)k  at thepoint (1,-1,2)

i j k 7
or a a 2 e 9 e 9 e 9
=CurlF=VxF=| 50 55 5, =VxF=i|dy 09z |—j ox 0z +k| ox 9y
yz) (yx2)|  |@») (2% |@2y) (xy2)

[(Z%y) (xyz) (yx?))

T VxF=i a( 2) J |-, a( ) O 22y 1k |2 O (22
f—} = e —_— — —_— _— —_— _——
i 3y yx az(xyZ)i i3z x az( y) 6x(xy2) By( y)

or .
—VxF= i[(xZJ - (xy)] _]- [(zny _ (ZZ y)] +k [(yZ) o (ZZ)] Curl F at the point (1,—1,2) VX F = 2i+6j— 6k
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Gradient

A vector that gives

Divergence

A scalar that

Curl

A vector operator

direction of the measures the that describes the
maximum rate of magnitude of a rotation/ununiformity
change of a source or sink at a ofa vect.oi‘ﬁeld
quantity i.e. temp  given point TN
l ' .p ,
Physical —\--'/ l ~7
ysic < VXA >0
mearong /'\ /l\ RHC rotation
V-A<0 V-A<0 7 ""\
Sink Source { ae y
i.e. Flux out i.e. Flux out
< flux in > flux in X P
VXA<0

V{ L}i }0 Lulc 1":]ta’tion

Incompressible
Flux out = flux in

VXA=0
Irrotational

Q1: Findthe (Vf) , V.(Vf) , Vx(Vf): f(x,y,z) =e* +cos yz

] ] 0
— xy P+ — (XY P L (eXY
vf I (e +cosyz)i + 3y (e +cosyz)+j + 37 (e”+cosyz) k

Vf=(ye?”+0)i+ (xe”—zsinyz)j+ (0—y sinyz) k =Vf=(ye?)i+ (xe?-zsinyz)j+ (y sinyz)k
Cdvefyf (g 3§ 3§\
— V.(Vf)=[(ve?”)i+ (xe”—zsinyz)j— (y sinyz) k| '(ax' +ny" 5z k)

div of Pf V.(VF) = a vy 4 d Xy ) 4 d )
— V.(Vf)= a(ye ) a—y(xe —zsinyz) 5(—3} sin yz)

div ¥
W, p, Wf) = (¥ ) + (x2 eY—2% cos yz) — (¥* cosyz))

i j k i J k
L/ AR a 9 9| cutvs | 9 9 a
= VxUD=15x ay az| — V0D =| &% ay 2z

F, F, F,

(y* ™) (x*e—z?cosyz) (y* cosyz)

Q1: Findthe grad f (Vf) where:

a) f(x,y,2) = xyz b) f(x,y,z) = 2099 Ofxyz)=x"y+y’z

e) f(x,y,z) = sin”(xy) + In (xyz)

g fx,y,t)=ytan(@)+xIn(y)+e™

d) f(x,y,z) = x* siny + y* cosz
) f(x,y,7) = tan(8 y) + In (xy) + €3
h) f(x,v,2z) = si*n(x2 yz) +e@
02 Find the divergence and the Curl of the vector field forthe folowing:
a)F=2xyi+yz*j+xzk

DF=x*zi+yx?j+yzk ¢ F=xzi+y?zj+xz*k

d) F = 3%%% | 4 sec (yzz)j +sin~1(zx) k f) F=tan™ (xy)i+ e j+cosyzk

g) F=e" i+cosyzj+tan™! (xy)k
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