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o L Line and Surface Integrals

— Vector Line Integrals

. . \
Vector Field F=F, + Fg + F¢ g
Vector Line I=A+B+C E% x
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+ 1. Line and Surface Integrals

— Vector Surface Integrals

Definition of a vector area:

f--}

S = vector area Direction of this unit
S / normal vector = a

Surface area =S

ELECTROMAGNETIC FIELDS By Ahmed
W.

By Ahmed Wael



Electromagnetics 2/18/2018

+ 1. Basic Vector Algebra

— Vector Surface Integrals

fﬁ-d@: fﬁA-d§+fﬁB-d§+fﬁc-d§
S

Sa S Sc

=Fp-Sy+Fp-Sg+Fo-S¢
:SAﬁA'a‘}_SBﬁB'Ab‘}_SCF)C'é

¢
S= Vector Area \\ i‘x
=Sy +Sp+S¢

=SA5+SBB+Scé

(7
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— Concept of Gradient

* Let us assume a temperature (T) as a function of space parameters.
* Gradient is an extension of the derivative dT/dz
* However, if the (T) is a function of 3-D

position (x, y; z), Z Py(x+dx, y+dy, 7+dz)
then we need to use } &
Gradient to describe i -

the increase if the

dz

temperature (T)

as a function of (x, y, z). APy, 2)
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™~

Py(x+dx, y+dy, z+dz)
— Del or Gradient Operator

dy
di=dxg+dyy+dz2 dy/’
i dz
vodl
=Dax+ Tay+ 2 Eosr
dT_ade+ade+aZdZ
/ >y
~ 0T N 0T ~ 0T -~ '\g ,\a_T Aa_T .
=godi+ggdi+ad di= (=5 +95+25) di

=pr-di

0T | 0T | 0T s
VT_X6X+y6y+Zaz or V_X6x+y6y+zaz
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» 2. Gradient of a Scalar Field

— Gradient Operator of Cylindrical and Spherical Systems

* Spherical System

V—aﬁ+1a(7)+ ! atT)
~ OR R30O Rsin® dd

* Cylindrical System
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o 3 Divergence Theorem of a Vector Field

— Concept of Divergence

* The dot product of del operator V and the vector A gives:

0A4 + 0Ax , 0Ax
ax ox ox

DivA=V-A =

* In the Cylindrical Coordinate System:

o 04, 04
V-d=—2 (/:1»1r)+iﬁ—"’+(:i
r or r o 0z
* In the Spherical Coordinate System:
1. @ fs 1 0 ; 1 o4
Volme AR e (i O
R OR Rsin@ 06 Rsin@ o¢
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o 3 Divergence Theorem of a Vector Field

— The Divergence Theorem

* This powerful theorem converts a surface integral into equivalent volume
integral.

* Figure (a) is adjoining a number of incremental volumes of square shapes.
We made a macroscopic volume V' with enclosing surface S.

* Any interior shared surface between two incremental volumes has a flux of
ZERO (one entering the volume and another leaving it).

* Nonzero flux obtained only for those surfaces which bound the outer
surface S of V.

e All interior flux of volumes cancels each other.

* The divergence theorem states:

d)=j§K-d§=f|7-der
S

\%
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o 4 Curl and Del Operator

— Curl Operator and Curl Identities
* The Curl Operator is:

. = 1 - .
l7><B=cur1B=logAS_,0A—S[ﬁj€B-dl

* Distributive property of two vectors:
Vx(A+B)=VxA+VxB

* Divergence of a curl of a vector field:
V- (VxA)=0

* Curl of a gradient of a scalar field

v x (VA) =0

ELECTROMAGNETIC FIELDS By Ahmed
W.

o 4 Curl and Del Operator

— Stokes’s Theorem

The Stokes’s theorem converts the integral of the curl of a vector over an

open surface (S) into a line integral of the vector along the contour (C)
bounding the surface (S)

(Vxﬁ)-d§=jg§-di

« IftheV X B = 0, then the field is said to be CONSERVATIVE.
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J 5. Laplacian Operator

« Laplacian Operator in Cartesian Coordinates
2 2 7 2217
V2V=V(VV) oV oat! oal!

= 2 1,2 672

2 2 2\
VZE:[ a, P E=XV’E, +yV’E,+iV’E,

2 2

ox* 8yt oz
« Laplacian Operator in Cylindrical Coordinates

) 214 ZV f\2V
VIV :Li(ro_)_ki"a ’,+O >
ror\ or) r-o¢°- o0z°

« Laplacian Operator in Spherical Coordinates

) AT A ~
vy =9 (Rzi}L 3 i[sinei}%
R~ OR OR R sin@ 06 o6 R sin” @
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