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: Introduction

J
Text Books:
»  Sadiku, Elements of Electromagnetics, Oxford University.
»  Griffiths, Introduction to Electrodynamics, Prentice Hall.
»  Jackson, Classical Electrodynamics, New York: John Wiley & Sons.
»  Open sources: MIT open courses, Salman bin Abdelaziz Univ. ....

Evaluation will be done through:

*» Final Written exam
*» Oral exam

+» Quizzes during the lecture, you need vour tools (pencile, papers, calculator)
s Homework
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!’Q Keywords of the course

» Vector analysis, Coordinate systems, and transformations

> Electric field in materials, Polarization in dielectric materials,
Continuity equation, Relaxation time, Boundary conditions

» Electrostatic boundary value problems, variable separation, method of
Images

» Magnetic fields: Bio-Savart’s law and Problems, Ampere’s law and
problems, Analogy between electric and magnetic fields

» Maxwell’s equations in vacuum and matter, Problems
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- Spherical Coordinates

= Any point in space is represented as the intersection of three
surfaces:

o A sphere of radius r from the origin {r=constant)
o A cone centered around the z axis (8=constant)
o A vertical plane (@=constant)

= Any point in spherical coordinate system is considered to be at the
intersection of the above three planes.
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B=constant




- Spherical Coordinates l

Ranges :0=r<m
O=8=m
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— gpherical Coordinates —

®
J . ~
\&.T l:]'_r .
- ai:-
“\ e
/ R "5.5-
Hlﬁ
e Y
-~ Ranges - 0=r<=o0
P 0=8=m
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= Three unit vectors of the spherical coordinate system are shown in
the figure.

= Unit vector -5’, lies along the radially outward direction to the
spherical surface. It lies on the cone B8=constant and the plane
D=constant

= The unit vector a, is normal to the conical surface and lies in
D=constant plane and is tangential to the spherical surface.

= Unit vector :}Q Is the same as in cylindrical coordinate system. It is

normal to ®=constant plane and is tangential to both the cone and
the sphere.

= The unit vectors are mutually perpendicular and forms a right C N
v handed set. An RH screw when rotated from g, fo a, will move it I A
towards &_  direction.
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- Spherical Coordinates I

= A vector ;{ in spherical coordinate system may be expressed as
A=Aa, +4.4,+ 44,

a,.d,.a,

= Magnitude of the vector is given by

are unit vectors along r.6.¢ directions

‘E!‘ = \ff-if + A+ A7

= The unit vectors a..da




& Spherical Coordinates

r=/x24 y2+ 22
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@iﬁerential Volume in Spherical Coordinates

dV =r2sin@ drd@d¢
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- Bot Products of Unit Vectors in the Spherical l

@ and Rectangular Coordinate Systems

dy 1) a¢
a,- sin & cos ¢ cos 6 cos @ —sin ¢
ay- sin & sin ¢ cos 6 sin ¢ CoS ¢

a,- cos 6 —sin6 0




- Example: Vector Component l

o
’ Transformation
Transform the field, G = (xz/y)ay, into spherical coordinates and components
G, =G-a = X—Zax -a, = e sin 6 cos ¢
y y
2
= rsin@cos@C?S ¢
sin ¢
Gy =G-ay = Eax -ay = ﬁcosecosqb
2
= rcos’ 6 CO,S ¢
sin ¢
Gp=G-a, = X—Zax -y = X—Z(—sin )}
y y
= —r cos 6 cos ¢
G =rcosfcos¢ (sinf cotg a, + cosb cotp ag — a,) { M:’b




*, nstant coordinate sur!ace!—

: Cartesian system

= |f we keep one of the coordinate
variables constant and allow the
other two to vary, constant
coordinate surfaces are generated in
rectangular, cylindrical and
spherical coordinate systems.

= \We can have infinite planes:
X=constant,
Y =constant,

Z=constant

hese surfaces are perpendicular to x, y and z axes respectivel




*nstant coordinate sur!ace!—

&7 cylindrical system

= Orthogonal surfaces in cylindrical

coordinate system can be generated as ,
p=constnt ——
d=constant N

z=constant
#

Z=constant
= p=constant is a circular cylinder,
= O=constant is a semi infinite plane with
Its edge along z axis
= z=constant is an infinite plane as in the -
rectangular system.




*nstant coordinate sur!ace!—

-_S.g’ Spherical system

= Orthogonal surfaces in spherical
coordinate system can be generated

as
r=constant
O0=constant

d=constant

A

= r=constant is a sphere with its centre at the origin,

* 0 =constant 1s a circular cone with z axis as its axis and origin at
the vertex,

#®«D =constant 1s a semi infinite plane as in the cylindrical system, |-

/
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- Ifferential elements in rectangular
@ coordinate systems

Differential displacement is given by

dl = dxa_+dva +dza,
Differential nomal area iSIQWEH [y
ds = dyvdza_ = dxdza, =dzdya,
Differential volume is given by
dv = dxdyd:z

s Adl and 45 are vectors where as dvis a scalar.
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- Ifferential elements in Cylindrical
@ coordinate systems

= Differential displacement is given by
di=dpa_+ pdga, +d:za.
= [Differential normal area is given by

5
dS = pdgdza, =dpdza, = pdedpa. “ »

« Differential volume is given by a, °

dv = pd pd @d:z
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- Ifferential elements in Spherical
coordinate systems

« Differential displacement is given by

dl =dra, + rd@a, + rsinfdga,
« Differential normal area is given by

dS = 7’ sin 8d 8d pé, = rsin Odrd g4, = rdrd 64,
« Differential volume is given by

dv = r* sin Bdrd 8d ¢




!.Q Example (1) page 9

* Given point P(-2,6,3) and vector A = ya, + (3; + z)a ,
express P and A in spherical coordinates. Evaluate A at i% In the
Cartesian and spherical coordinates.




& Example (1) page 9
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y Homework

 Exercise 2.1 page 11:

 Time to get full mark of the exercise is next week. (otherwise
you will get half of the points)
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Further reading

Revise electromagnetism
course | & Il
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o Line integrals

= Line integral is defined as any integral that is to be evaluated
along a line. A line indicates a path along a curve In space.

As an example if F represents the force acting on a moving particle
along a curve ab, then the line integral of F  over the path
described by the particle represents the work done by the force in

moving the particle from a to b.
The line integral around a closed curve is called closed line integral
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” Surface integrals

= Consider a vector field 4 continuous in a region of space
coniaining a smooth surface 5.

- The surface integral of 1 through S can be definedas v = | 4 -dS

r - - d
- —< _f_.*’__ » d Surface 3
_— - o —
L ds -
2H5 ;

e .-'"'/ ¢ .-'f
//// / // f/
= For a closed surface defining a volume the surface integral becomes
closed surface integral and is denoted by

—

\ A

w=q A-dS

L |

= |t represents the net outward flow of flux from surface S
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: Volume Integrals

= LetV be a volume bounded by the surface S. Let @(x.y.z) bea

function of position defined over V. If the volume V is subdivided in
to n elements of volumes d¥,.dV,.dV,........dV

2]

= Ineachpart letus choose an arbifrary point ®(x..%:.2)

= Then the limit of the sum > @(x....2)dV, as n—wand dV; =0 is
called the volume integral of @(x.y.z) overV and is denoted by

L @dv
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; DEL Operator

The del operator is the vector differential operator and is denoted
by ¥ . In Cartesian coordinates

— f_- f_— 'r:
V=—a_ +—a,+—a.
-Ll'."l E:'L' i I:"_

= DEL Operator in cylindrical coordinates:

— ¢ 1 & c
‘T‘z—.:w +——a +—:’:

op pog © Bz

= DEL Operator in spherical coordinates:

"'%
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!‘gy Gradient of a scalar field

= The gradient of a scalar field V Is a vector that represents the
magnitude and direction of the maximum space rate of increase of V.

v" For Cartesian Coordinates

xr e OV .8V . aV .,
grad V=VV=—a +—a +—a,
cx gy ez

v For Cylindrical Coordinates

al . 1¢V , &V,
a_ +— a, + .
- £ - i ] ::_ i
c 0 o og CZ

grad V=VV=

v For Spherical Coordinates

. = V. 12F . 1 oF. B )
fjf‘log grad V zvxﬁzfﬂ—:?, ——f_h—q:'.’ﬁ + c [

or r &g remn @ g F [~.|
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!’g) Divergence of a vector

v" In Cartesian Coordinates: V-A=

(84 ad, a4 )
ey

. dx dy dz )

v . : _ . (13, . 164 ai)
In Cylindrical Coordinates: ,F_d:‘ 19 (p4)4 1%, 04
L2 ep P og oz )

v" In Spherical Coordinates: v i-[ 1% )s b € (4 naye b 5]

rort 7 rsmf od rsind cg )
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>#sauss’s Divergence theorem

= The divergence of a vector quantity .4 at a given point P is the
outward flux per unit volume over a closed incremental surface as
the volume shrinks about P.

§ 435
av—l Av

CI:;_{IE is the net outflow of flux of a vector field jﬁ'ﬂm

a closed surface S

= The integral of the normal component of any vector field over a

closed surface is equal to the integral of the divergence of this
vector field throughout the volume enclosed by the closed surface.

= The total outward flux of a vector field :*_F through the closed surface
S is the same as the volume integral of the divergence of 4
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; Curl of a vector

= JThe curl of a vector j s an axial or rofational vector uu_ff?::rse
magnitude is the maximum circulation (closed line integral) of 4 per
unit area as the area ftends fo zero and whose direction is the

normal direction of the area when the area is onenfed 50 as o make
the circulation maximum.

= The circulation of a vector field y  around a closed path L is the
iM@mI#jﬁi
i

Curl A=Ve«d=| lim =

I. E 1 E 1
_ _ . f, A -l ‘

'. AS =0 AS
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y Curl of a vector

& - - . = - (a4 a4, (a4 ad). (a4, ad).
artesian Coordinates: ¥-i- —-—li+| === ja+ ==~ 2= a.
a, a, a
Fxd=l £ 2
& &y oz
4, 4, 4
v" In Cylindrical Coordinates:
a, pf‘iq., a.
'.,:— _ j _ c :} C
dp O¢ z
:1_;, J.LL{'Lq., A

v" In Spherical Coordinates:

a, ra, rsinfa,

Guicle & 2

s cr oo ce
; rd, rsmfA,
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%V Stoke’s theorem

\ —
= GSiokes theorem sfates that the circuwation of a veciorfield 4

around a closed path L is equal to the surface integral of the curl of 4
over the open surface S bounded by L provided that 4 gnd V<A
are confinuous on S

—_— ] —

(V xA4)-dS

~  Surface 5
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: Laplacian of a scalar

& The Laplacian of a scalar field V. written as V'V is the divergence

of the gradient of V _It is another scalar field
In Cartesian coordinates Laplacian V=V - V¥V = V'V

le.  ¢&. , 6 ¢. ¢V . eV, eV . |
:| —d, +T{?1. T—d, ‘ T{?I.+ —d, T—d, |
| OO ) U c= J | OoX ay oz J
1 = P p
ey GF OF oVF
VV=——+ +

~ 1
gy

- i}
o=

# A scalar field V 1s said to be harmonic 1n a given region 1f its
Laplacian vanishes in that region.

V*V=0

— Laplace's Equation
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{Q) Laplacian of a scalar

In cylindrical coordinates.

Elf av 1@3V+53V
o\" 6p ) p’og oz

" pop

In spherical coordinates,

oy 1 O 50V 1 - or 1 O
V= ﬁ(r‘ |51n£? |+ — -
P arl or ) rsin@adl df ) rism @ adg

Laplacian of a vector A denoted as V>4 is defined as




