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SOURCES AND EFFECTS OF ELECTROMAGNETIC FIELDS

Electromagnetic theory is a prerequisite for a wide spectrum of studies in the field of

Electrical Sciences and Physics. Electromagnetic theory can be thought of as

generalization of circuit theory. There are certain situations that can be handled

exclusively in terms of field theory. In electromagnetic theory, the quantities involved

can be categorized as source quantities and field quantities. Source of electromagnetic

field is electric charges: either at rest or in motion. However an electromagnetic field

may cause a redistribution of charges that in turn change the field and hence the

separation of cause and effect is not always visible.

Electromagnetics (EM) is a branch of physics or electrical engineering in which

electric and magnetic phenomena are studied.

Sources of Electromagnetic Fields:

Current Carrying Conductors
Mobile Phones
Microwave @ven
Computer and.delevision
High Voltage Power lines
Transformer

Electric relays

Television /Radio
Electric Motors

Wave guides

Antennas

Optical Fibers

Radars and lasers

Effect of Electromagnetic Fields
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Fields are classified as
= Scalar Field
= Vector Field
Electric charge is a fundamental property of matter. Charge exists only in positive or
negative integral multiple of electronic charge,e—, e= 1.60 x 10-19 coulombs. It may be
noted here that in 1962, Murray Gell-Mann hypothesized Quarks as the basic building
blocks of matters. Quarks were predicted to carry a fraction of electronic charge and the
existence of Quarks has been experimentally verified.] Principle of conservation of
charge states that the total charge (algebraic sum of positive and negative charges) of an
isolated system remains unchanged, though the charges may redistribute under the
influence of electric field. Kirchhoff's Current Law (KCL) is an assertion of the for
conservative property of charges under the implicit assumption that there is no
accumulation of charge at the junction.
Electromagnetic theory deals directly with the electric and magnetic field vectors where
as circuit theory deals™with the" voltages and currents. Voltages and currents are
integrated effects of glectric and magnetic fields respectively. Electromagnetic field
problems involve three space variables along with the time variable and hence the
solution tends to become correspondingly complex. Vector analysis is a mathematical
tool with which electromagnetic concepts are more conveniently expressed and best
comprehended. Since use of vector analysis in the study of electromagnetic field theory
results in real economy of time and thought, we first introduce the concept of vector
analysis
VECTOR FIELDS
Scalars and Vectors
Vector analysis is a mathematical tool with which electromagnetic concepts are most
convenient expressed and best comprehended.
A Scalar is a quantity that has only magnitude.
Quantities such as time, mass, distance, temperature, entropy, electric potential and
population are scalar

A Vector is a quantity that has both magnitude and direction.
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Vector quantities include velocity, force, displacement and electric field intensity.
Another class of physical quantities is called tensors, of which scalars and vectors are
special cases.

A Scalar quantity is represented by a letter e.g., A, B, U and V.

A Vector quantity is represented by a letter with an arrow on top of it, such as Aand B
A field is a function that specifies a particular quantity everywhere in a region.

Unit Vector

A vector A that has both magnitude and direction. The magnitude of A is a scalar
written as A or |A|.A unit vector aaalong A is defined as a vector whose magnitude is

unity (i.e., 1) and its direction is along A, that is

A
U= T

SN

Notes that |as| = 1
We may write A as
A= AaA

Which completely specifies A in terms of.its magnitude A and its diréction a,4

Figure 1.1.1 Unit Vectors

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-06]

A Vector A in Cartesian or rectangular coordinates represented by

(Ay, Ay, A;) Or Aya,+Aya, + A,a,
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Ay Ay, A, are called the components of A in the x, y, z directions respectively; a,,

a,, a,are unit vector in the X, y, z directions respectively

The magnitude of vector A is given by

A =+/A2Z + A2 + A2

x y z

and the unit vector along A is given by
Acay + Aya, + A,a,
VA2 + A2 + A?

x y z

A=

Sum and Difference of two vectors

The sum of two vectors is the resultant of two vectors.

Two vectors A and B can be added together to give to another vector C

C=A+B

The vector addition.is carried out compenents by component. Thus if
A=A, +Aa, +A,4,
B =B,d, + B,d, + B,a,

Sum of two vectors C=A+B

A +B= (A8, +A,d, +A,d,)+(B,d, + B,d, + B,d,)

A +B = (Ax + Bx)dx +(Ay + By)dy + (A2 + B.)d:

4

Figure 1.1.2 Vector Addition
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[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-07]

Difference of two vectors C=A-B
A -B=(Agd, +A,d, +A,8,) — (Bd, +B,d, + B,a,)

A — B = (Ax — Bx)dx +(Ay — By)dy + (A2 — B.)d,
B

.
B B

Figure 1.1.2 Vector Subtraction

[Source: “Elements of Electifomagnetics” by Matthew N.O.Sadiku, page-07]

Multiplication of a Scalar and a Vector

When two vectors A and B are multiplied, the result is either a scalar or a vector

depending on they are multiplied. Thus there are two types of vector multiplication:
= Scalar or dot product : A.B
= Vector or Cross product: A X B
Multiplication of three vectors A, B and C can result in either
= Scalar triple product:A. (B X C)
= Vector triple product: A X (B X C)
Dot Product or Scalar Product

The dot product of two vectors A and B written as A.B is called either the scalar

product because it is scalar or the dot product due to the dot sign. If
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A=A, +A,d, +A,d,
B =B,d, + B,d, + B,a,
A.B= (A, +A,d, +A,d,).(B,d, +B,a, +B,d,)
A.B=(A.B, +A,B, +A,B,)
a,.a, =d,.d,=d,.d, =1
a,.a, =d,.a,=0d,.a,;, =0
Cross Product or Vector Product

The Cross Product of two vectors A and B written AXB, is a vector quantity whose
magnitude is the area of the parallelogram formed by A and B and is in the direction of

advance of a right-handed screw as Avis turned into B
The vector product isgiven by
A.B = ABcos0

Let A and B are two vectors
A=Ad, +Aa, +A4,8,
B = B,d, + B,d, + B,d,
Where @, , @, and’a, are unit vectors in the direction of x, y, z
a, ad, d,
|A X Bl = |Ax Ay Azl
B, B, B,
Note:

d,.d, =1,
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a,.d, = d,
a,.da,=d,
The vector B X A has the same magnitude but the opposite direction

BxXxA=-AXB
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1.2 CO-ORDINATE SYSTEMS

A point or vector can be represented in any curvilinear coordinate system, which

may be orthogonal or non orthogonal.
An orthogonal system is one in which the coordinates are mutually perpendicular.

To describe a vector accurately and to express a vector in terms of its components, it
IS necessary to have some reference directions. Such directions are represented in
terms of various co-ordinate systems. There are various co-ordinates systems

available in mathematics, the co-ordinate systems are
= Cartesian or Rectangular co-ordinate system
= Cylindrical co-ordinate system
= Spherical co-ordinate system
CARTESIAN OR RECTANGULAR CO-ORDINATE SYSTEM

There are three simple methods to describe a vector accurately such as specific lengths,
directions, angles, projections or components. The simplest methods of these are

Cartesian or Rectangular co-ordinate system.

3]
M
7

Figure 1.2.1 Cartesian co-ordinate system

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-30]
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In Cartesian co-ordinate system three co-ordinate axes X, y, z are mutually right angles
to each other. Considered a point P(x, y, z) in space at a distance r from the orgin. The

vector r can be represented as
¥ = xdz + ydy + zdy
dz, dy, dz are Unit Vector

X, Y, Z are the components vectors. Components vectors have a magnitude and direction.

Unit vectors have unit magnitude and directed along the co-ordinate axis.

A Unit Vector in a given direction is a vector in that direction divided by its magnitude.

It is given by

| =

—)-)')-)?=

=

| = Va2 + y? + 22

1 DXt yir, shaar;

?:

VxZ +y? + 22
The ranges of the co-ordinate variables x, y, z are
—o0 < x < 0
—00 <y < 0

—0<z<

Considered the points P(x, y, z) and Q(x+dx, y+dy, z+dz) in a rectangular co-ordinate

system.

The differential length dl from P to Q is the diagonal of the parallel piped is given by
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The differential length  dl = V/(dx)? + (dy)? + (d,)?

The differential area dy, =d,d,
dy =d,d,
d, =d,d,

The differential Volume d,, = d,d,d,

CYLINDRICAL CO-ORDINATE SYSTEM

The circular cylindrical co-ordinate system is very convenient whenever we are dealing

with problems having cylindrical symmetry.

A point P is cylindrical co-ordinates is represented as (p, ¢, z) and is shown in figure
1.2.2.

4
A
a:A
p Pya,
ap
z
) /
&
X/

Figure 1.2.2 Point P and unit vector in the cylindrical co-ordinate system

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-30]
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= p is the radius of cylinder passing through P or the radial distance from the z -
axis

= ¢ called the azimuthal angle, is measured from the x — axis in the xy — plane
= zis the same as in the Cartesian system .

Considered any point as the intersection of three mutually perpendicular surfaces. They

Is a circular cylinder (p =constant), a place (¢ =constant), and another place
(z =constant)

A differential volume element in cylindrical co-ordinate may obtained by increasing
p, @ and z by the differential increments dp, de and dz .The shape of this small
volume is truncated wedge .As the volume element becomes very small.its shape

approaches that of a rectangular parallel piped. It has sides of the length

dp,pde and dz

The differential length dl = V(dp)2 + (pdep)? + (dz)?
The differential area d,= dp.pde = pdpde
d,= pde.dz
d,= dz.dp = dpdz
The differential Volume d,= dp.pde.dz
d,= pdpdedz
The ranges of the co-ordinate variables are
0<p<w
0<e<2rm

—0<z< 0
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Now the unit vectora,, a, and a, are mutually perpendicular because our co-ordinate
system is orthogonal:a, points in the direction of increasing p , a,, in the direction of

increasing ¢ and a, in the positive z - direction
a, a,=a,.a, = a,.a, =1
A, Ay=04.a, = a,.a, =0
a, X a, = a,
a,Xa,=a,
az; X a, =a,
SPHERICAL CO-ORDINATE SYSTEM

The spherical co-ordinate system is most appropriate when one is dealing with
problems having a degree of spherical symmetry. A point P can be represented as
(1,0, @) and it isjillustrated in figure1.2.3.

Figure 1.2.3 Point P and unit vector in the spherical co-ordinate

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-34]
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= ris defines as the distance from the origin to P or the radius of a sphere entered
at the origin and passing through P .

= @ (Called the colatitudes) is the angle between the z — axis and position vector of
P.

= ¢ is measured from the x - axis (the same azimuthal angle in cylindrical co-
ordinates)

Considered any point as the intersection of the spherical surfaces
(radius r =constant), conical surface(@, angle between r and z=constant), and plane

surface (¢ =constant).The co-ordinates of spherical system are r, 9, ¢

A differential volume element may be obtained in spherical co-ordinate by increasing
r,8and¢e by dr,d8andde the sides of this volume element
aredr,rd0 and r sin 8d .

The differential length db= v/ (dr)%=+ (rd@)>+ (rsinBdp)>

The differential area d; =dr.rdé=rdr do
dys= rdf.rsinO@de =1r2sin0 do d¢
ds= rsinfde.dr =rsinfde dr
The differential Volume d, = dr.rd@.r sin0d¢
d,= r2sin0d0 de dr
The ranges of the co-ordinate variables are
0<r<ow

0<06<nm

0<p<2m
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Now the unit vectora,, ag and a,, are mutually orthogonal:a,. being directed along the
radius or in the direction of increasing r, ag in the direction of increasing 8 and a,, in

the direction of creasing ¢.
a,. A,=Ay.a9 = Ay.a, =1
a,. ag=ag.a, = a,. a,=0
a,. X ag = a,
ag X a, = a,
a, X a, =ag
TRANSFORMATION OF CO-ORDINATE SYSTEM

It is necessary to transform a vector from one co-ordinate system to another co-
ordinate system. Transformation of a vector between Cartesian and cylindrical co-

ordinate system and Cartesian and spherical system are carried out.
(A) Transformation between Cartesian and cylindrical systems

A vector in Cartesian co-ordinate system can be converted into cylindrical co-

ordinates system.
(i)  Conversion of Cartesian to Cylindrical system

The Cartesian co-ordinate system x, y, z can be converted into cylindrical co-ordinates

system. (p, @, z)

Given Transform
y = tan! Y
¢ )
Z Z=12Z
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(i)  Conversion of Cylindrical to Cartesian system

The cylindrical co-ordinates system. (p, ¢, z) can be converted into Cartesian co-

ordinate system x,y, z

Given Transform
p X =pCcos@
@ y=psing
Z zZ =2

(B) Transformation between Cartesian and Spherical systems

A vector in Cartesian co-ordinate system can be converted into spherical co-ordinates

system.
(i)  Conversionref Cartesian to Spherical system

The Cartesian co-0Ordinate System‘x, "y, z-ean e converted“into cylindrical co-ordinates

system. (1,0, @)

Given Transform
X r=vVx2 +y2 + 22
Z
Y 0 =cos1( )
a2z + y2 + z2
=cos1 (0)
Tr
z y
= tan1 =
¢ )
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(i)  Conversion of Spherical to Cartesian co-ordinate system

The Cartesian co-ordinate system x, y, z can be converted into cylindrical co-ordinates

system. (1,0, @)

Given Transform
r x =71sin0cos ¢
(7] y = rsin0sin ¢
(0] Z=r1rcos0
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1.3 GRADIENT, DIVERGENCE, CURL
Del Operator:

The del operator(V), is the vector differential operator. In Cartesian co-ordinates,
o o 0
V= a—xag+a—yay+a—za2
This vector differential operator, otherwise known as the gradient operator.
= The gradient of a scalar V, written as VV
= The divergence of a vector A, written as V. A
= The curl of avector A, writtenasV x A

= The Laplacian of a scalar V, written as V2V

GRADIENT OF A SCALAR

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

The gradient of afny\yscalar function IS the maximun™ spacé raté of change of that

function. If the s scalar V. represents electric potential, VIZrepresents potential gradient.
a9 _ 0
V= a—xa;+a—yay+a—zaz>
av __ OVW av
VV = a—xa; + a—yay + a—zaz’
This operation is called the gradient
VV =gradV
DIVERGENCE OF A VECTOR
The divergence of A at a given point P is the outward flux per unit volume as the
volume shrinks about P.
The divergence of a vector A at any point is defined as the limit of its surface integrated
per unit volume as the volume enclosed by the surface shrinks to zero
V.4 =lim lgﬁﬁA.hds

v-0 D
s

"N BRI 2Anna University App off PISy Stere



binils.com - Anna University, Polytechnic & Schools
Binils.com — Free Anna UniversityPRdty{eithhjc Vealeo @ IStudy Materials

It can be expressed as

o o 0d
V—a—xag+a—yay+a—za2

A=Aa, +Aya, + 4,4,

a-»*-) a-»-» a-»» - - -
VA= (—az+ _—_ay+_—az) + (Axax + Ayay + A:az)

ax y z
dA
vaz2, 9 04
0 a9, 9,
This operation is called divergence
V.A=divA

Divergence of a vector is a scalar quantity.

CURL OF AVECTOR

The curl of A ig an axial (or) rotational vector whose magnitude is the maximum
circulation of A per unit arga as the areatends to'zero and whaose direction is the normal

direction of the area'when the area’is oriefited to make the*Circulation maximum.

The curl of vector A at any point is defined as the limit of its surface integral of its cross
product with normal over a closed surface per unit volume as the volume shrinks to

ZEero.

1 ..,
|Curl4d| =im —¢pnrxAds
v-0 D

S

It can expressed as

0 d J
V—a—xag+a—yay+a—zaz‘

A=Aa, +Aya, + 4,4,
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a, a, a,
VXA= 099
~la, 3, 3,
A, A, A,
dA dA, 0A A, 0A, .,
VxA=(C ‘= Dar-C = "Ha+ V- Has
9, 9, * a8, a9, 7 (ax a, °*
04, 04 94, A
VxA=( ‘= Das+( - "Ha+ V- Has

This operation is called curl.

VXA=CurlA

SOLENOIDAL AND IRROTATIONAL VECTORS
= A vector Alis said"to be solenoidal if its divergence is zero.
i.e V.4 = D..then As said to béisolenaidal.
= A vector 4 is said to be irrotational if its curl is zero.

i.e VxA=0,then Ais said to be irrotational.
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1.4 THEOREMS AND APPLICATIONS
DIVERGENCE THEOREM:
Divergence of a Vector
The divergence of A at a given point P is the outward flux per unit volume as the
volume shrinks about P.
The divergence of a vector A at any point is defined as the limit of its surface integrated
per unit volume as the volume enclosed by the surface shrinks to zero
V.A=Im lgfﬁA.hds

v-0 D
s

It can be expressed as

a 9o _ 0
V—a—xag+a—ya}7+a—zaz’

A=Aa, +Aa, +Aa,

a 3 a > a > - - -
V.A= (—az+ _ay+ .. az) +/(Axax + Ayay + Aza:)
0, a, d,

04, +%+ 04,

0 a9, @,

V.A=
This operation is called divergence
V.A=divA

Divergence of a vector is a scalar quantity.

DIVERGENCE THEOREM
The volume integral of the divergence of a vector field over a volume is equal to the

surface integral of the normal component of this vector over the surface bounding the

volume.

[[fv.Adv =¢pAds
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DN

® L

g -

s~

1

Figure 1.4.1 Illustration of the divergence of a vector at P

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-72]

Proof:

The divergence of any vector A4 is given by

d 0 0
a—xa;+a—yay+a—za2

V=
A=Aa, +Aa, +A,a,

a-»'» a—»-» a—»» - - >
V. A= (_a,-g+_ay+_a2) + (Axax + Ayay +Azaz)

. ay d,
04, 04y, 0A,

+—F
0 a9, 0,

V.A=

Divergence Theorem

[[f[v.Adv=¢pA.ds

v N

Take the volume integral on both sides

0A, 04, 0A
ax 9, o,
v v

Thatisd, = d,d,d,

04,
9,

_ 04
[ ([’ fA \Z_ Adv=[l] _qga,d,-+ a—yydxdydz +
[

dxdyd;]

Ox

v v
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9A, 94, dA,
[[fv.A dv=fff[a—xdxdydz] + fff[a—ydxdydz] + fff[a—zdxdydz]

v v v v

Considered the first portion of equation

Assume the limit as x4 to x»
I “dadd-=[[""ddd

va, XV Z x1 9, * VY Z

=147 dyd:

fff"z‘“"ddd-ﬂ[zl _4 ldd

x1 9, X x2 x1 y z
il #=d dd - A -4 ]dd
Vo, X x2 xlwn, ypz

Considered the second portion Of equation

fff [ dxdydz]

ff}’Z_.Yddd
CL( y1 9, * Y 2

f [Ay]ﬁ d.d,

an

I,

0A
f?=ddd=[f[A -4 1dd
y1 dy Xy z y2 yl x z

0 "™dddHa -4 ldd

a, X ¥z y2 yl x z

—

9]
—
T
m
(]
)
=<
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Considered the third portion of equation

W% aaq

[f 2d a d=[ff ?%d d d

vaxyz z1 9, * Y

2 4a a0 L2 dd
i ded =fA -4 ]dd
z1 x vy

v a X z2

Substitute the equation in below equation

94, 04, 04,
f[fv.Adv= [ff [a—xdxdydz] + fff[a—ydxdydz] + [ff [a—zdxdydz]

v v v v

fff V.Adv == ff[AxZ -Ax1 ] dydz + ff[AyZ - Ayl] dxdz + ff[AzZ — Azl] dxdy

Assume Ay -Ay1 = Ay
Ay -Ay = A,
Ap -4, = A,
Then d.d, = ds,
dyd, = dsy
d,d, = ds,

Sub all these in above equation

=
(9]
—
T
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v

Assume Ay+A, +A, =4

Substitute 4, + A, + A, = A in above equation

=4 Ads

[[fv.Adv=d¢bA.ds

v N

STROKES THEOREM:

Curl of a Vector

The curl of A i§ an axial (er) rotational vector-whose,magnitude is the maximum
circulation of A per unitarga as the area tends to zere and whose direction is the normal

direction of the area when the area is oriented to make the circulation maximum.

The curl of vector A at any point is defined as the limit of its surface integral of its cross
product with normal over a closed surface per unit volume as the volume shrinks to

ZEro.

1 ..,
|Curl4| =im —¢pnrxAds
v—-0 D

S

It can expressed as

d 0 d
V—a—xa;+a—ya3—,~+a—zaz’

A=Aa, +Aya, +A4,a,
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a, a, a,
VXA= 099
~la, 3, 3,
A, A, A,
dA dA, 0A A, 0A, .,
VxA=(C ‘= Dar-C = "Ha+ V- Has
9, 9, * a8, a9, 7 (ax a, °*
04, 04 94, A
VxA=(C ‘= Da+( - Hav+ V- Has

This operation is called curl.

VXA=CurlA
STROKES THEOREM:
Strokes’s theorem states that the circulation of a vector field 4 around a (closed) path
L is equal to the surface integral of the curl of A over the open surface S bounded by L,
provided 4 and VX A aré continugus onsS,

The line integral of a vector around a closed path Is equal to the surface integral of the
normal component of its curl over any closed surface.

$H.dl= [[Vx Hds

s

Proof:

Consider an arbitrary surface this is broken up into incremental surface of area As
shown in figure. 1.4.2
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Figure 1.4.2 lllustration of Stroke’s theorem

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-81]

If H is any field vector, then by definition of the curl to one of these incremental

surfaces.

¢ H.dlAs

TS = (VX H)y
Where N indicates normal to the surface and dlAs indicate that the closed path of
an incremental area As

The curl of H normal to the surface can be written as

¢ H.dlAs
——=(VXH) .ay

As
¢ H.dlAs =(VXx H) .an As
¢ H.dlAs =(V x H) .As
Where ay 1S the unit vector normal to As

The closed integral for whole surface S is given by the surface integral of the normal

component of curl H

$H.dl= [[Vx Hds

s
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1.5 COULOMB’S LAW

Coulomb’s Law:

Coulomb’s law is an experimental law formulated in 1785 by Charles Augustin de
coulomb. It deals with the force a point charge exerts on another point charge.A point
charge means a charge that is located on a body whose dimensions are much smaller
than other relevant dimensions.

Charge is generally measured in coulomb (C€).One Coulomb is approximately
equivalent to 6 x 1018 electrons. It is very large unit charge because one electron
chargee = —1.6019 x 10-1° C.

Coulomb’s law states that the force between two very small objects separated by a
distance which is large compared to their size is proportional to the charge on each and
inversely proportional to the square of the distance between them.

The coulomb’s law can be stated that “The force of attraction or repulsion between
any two point charges _is_directly proportional to the product of two charges and

inversely proportional to the square of the'distance between them.”

Consider the two charges Qiand Q. separated by a distance r.This force of interaction

between two point charges is given as follows:

Q1Q:

F x 2

Q10Q:

F =
41rer?

Newtons

Where & is permittivity of the medium or dielectric constant which is written as
€ = g&, Farads/meter

Relative permittivity of the medium

E = —
€0
Permittivity of the medium _ €
& = . = —
Permittivity of the free space (or)vaccum £0
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1

P ittivit th =
ermittivity of the free space (or)vaccum (£o) 361 X 109

= 8.854 x 10-12 F/m

Coulom’s law in vector form:

(X2, Y25 22)
Q,

ry r2

Ql (?'11, Y1 Zl)

Origin Origin I

Figure 1.5.1 Coulomb vector force on point charges Q: and Q:
[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-107]

0102

B yympe; X Unit vector

Consider two charges Qiand Q. at a distance vectors rqand 7, from the origin
respectively. 1, represents the distant vector form Q4to Q-

ri2=7T2—"
The vector F is the force between Qiand Q-

The vector form of coulomb’s law is

_Q1Q2 .,
X

F =
4Ter?

. > rp—T1
The unit vector a-= ———

12 |r2—11]

Substitute @12 vector and £ value in above equation

Q10Q: -
—=— X d

AmegE, r?
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Q1Q2 rz —71

F = X
Ameoerr? T T2 — 11|

1 is the distance between the charge.

The distance between the charges is 1,
B Q102 r2—T1

= X
4meors, |2 — 11|

That is ri2=701,—71

F= Q1Q2 y r2—171
dmeo(r2 —n)?  |rz2 —ri|

ry —11= (X2 — x)dz + (¥, — )y + (22 — 210Gz

2
(ry — 7 =[0, — %2+, —y ) + @2 }]

|1'2 — T1|: Vxz — x0)2+ (y2 — y1)? + (Z2n— 21)?

Fe 010, 2 o (X2 — X0z + (y, — Y)y + (22 — 21) 0]
- 2 2 Z
4meo [(x2 —x1) + (Y, —yy) +(22—21) | V(xz — x1)2 + (7, — ¥y + (22 — 71)?
Fe Q10 [(xz — x)@z + (y2 — y)y + (22 — 21)dz]

areg[(X2 — 2% )2+ (Y2 — W )2+ (22 —2)2]2 ~ [(x2 — % )2 + (y2 — 3 )% + (22 — 7 )] /2

_ Q10Q: o [(x2 — x1)dx + (y2 — y)dy + (22 — z1)d2]
& o [(x,— %)+ 0 —n)2+ G —7 )M

F

The force is attractive if the charges are of opposite sign and is repulsive if the charges
are alike in sign
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1.6 ELECTRIC FIELD DUE TO DISCRETE AND CONTINUOUS CHARGES
If the charge are distributed instead of concentrated at one point, it is better to define
charge distribution in terms of charge density. It is also possible to have continuous
charge distribution along line, on a surface or in a volume.

It is customary to denote the line charge density by p; in(€C/m), surface charge density

by p, in (€/m2) and volume charge density by p,, in (C/m3) respectively.

LINE OR LINEAR CHARGE DENSITY:

It is defined as the total charge distributed over a line or curve.

li AQ)
P lim Gy

This gives the total charge per length. It is given by
Q
pL= n Coulomb/meter(c/m)

SURFACE CHARGE PENSITY:

It is defined as the total charge distributedover a surface.

AQ
ps = lim (—)
As—0 As

This gives the total charge per area. It is given by

Q

ps=<=7 Coulomb/squaremeter(c/m?2)
VOLUME CHARGE DENSITY:

It is defined as the total charge distributed over a volume.

AQ
Psv = lim (—)
A0 Av

This gives the total charge per volume. It is given by

pv= Coulomb/cubicmeter(c/m3)
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ELECTRIC FILED OR ELECTRIC FIELD INTENSITY:
The electric field or electric field intensity is defined as the electric force per unit

charge .It is given by

F
E=—
q

According to coulomb’s law

Electric Filed

Substitute F value in above equation

~ 4mer? V/im

The another unit of electric field is Volts/meter

ELECTRIC POTENTIAL DIFFERENCE AND POTENTIAL.:
Consider a uniform electric field E and a unit positive charge q .There is a force act on
the charge due to the electric field. The force is given by
F =qE
There is a movement of charge in the electric field from one point r4 to another 7,

there will be work done against the force

r2
W=—/[ qE.dr

ri

r2
W=—qf E.dr

r1

Potential difference (V) is defined as the work done in moving a unit positive charge

from one point to another in an electric field.
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Work done on unit positive charge per charges

V=—
q

r2
V=—[ E.d& Joules/Coulomb

r1

But

Substitute E inV

Awesrn, 12

This is the potential.ditference betweentwo peints.4 and.a*,

Q Q
V=| - | Volts
4mtert  Amer:
Q
Vi= ——
41rer1
VZ == Q
41ter2
V=Vi+V:2

If the charge is moving form infinity to a given point in the electric filed
V2=0
Then

V=Vi+0

V="
Absolute potential or potential at a point is defined s the work done in moving a unit
positive charge from infinity to a given point in an electric field.

V =

Volts
Amer
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Any field where the closed line integral of the field is zero, is said to be a conservative
field

E.dr=0
Thus the electric field strength at any points just the negative of the potential gradient at
that point. The negative sign shows that the direction of E is opposite to the direction in
which V increases.

E=-VV
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1.7 ELECTRIC FIELD INTENSITY

ELECTRIC FILED OR ELECTRIC FIELD INTENSITY:
The electric field or electric field intensity is defined as the electric force per unit

charge .It is given by

According to coulomb’s law

Electric Filed

Substitute F value in above equation

Qq
2
E = Amer

q

Qq

i 4merig

Q

~ dmer?
The another unit of electric field is Volts/meter

V/m

ELECTRIC FIELD INTENSITY DUE TO LINE CHARGE:

Considered uniformly charged line of length L whose linear charge density is p;
Coulomb/meter. Consider a small element dl at a distance I from one end of the
charged line as shown in figure 1.7.1 .Let P be any point at a distance r from the

element dl.
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Figure 1.7.1 Evaluation of the E field due to a line charge

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-114]

The electric field at a point P due to the charge element pdl is given

pudl
4mer?

The x and y components,of.electric field-dE are given by

dE =

|
€/
I

D

dE;

dEy

From the above diagram find sin 8 and cos @

: dE,
sinf = __~
dE
dE, = dE sin 0
dE,
0=—
cos dE
dE,= dE cos 0
Substitute dE expression in dE,
_ pidlsin@
dE, = Arrer?
__pidlcoso
dEy = Arrer?
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From the above diagram find tan 6

h
tan = ——
x—1

B h

" tan@
x—1l=hcot0O

Differentiate above equation on both sides
0 — dl ="h(— cosecz @)
—dl = —h(cosec? 9)
dl = h(cosec?0).d6

From the above diagram find sin 6

h
sinf = —
r
h
"= Sine

r = hcosecO
Substitute dl and r value in dE,

_ pidlsin@
dEy = 4mer?
h(cosec2 0) dO sin 0
dE, = pih( )

4me (h cosec 0)2
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pih(cosec? 0) d0 sin

dE, = 4mteh? cosec? 0

p1sin 6do

dEy = Amteh

Integrate the above equation dE, considered the limitas a4 tom — a;

The electric field E, due to the entire length of line charge is given by

T—ay
B p1sin0do
JaE; = | 4Ameh
a1
f p, sin 8d0
N " 4meh
a1
T—Q)
P .
x = ek [ sin@de
a1
Pi |
= —.€08.0]7~a2
* 4-1T£h[ ]“1
P

Ex = opl—cos(m—a) — (cos ay)]

_ b1
E, = Ameh [(cosm ) + (cos a;)]

_ b1
E, = yp—— [(cos g ) + (cos a3)]

Substitute dl and r value in dE,
pih(cosec? 0)dO cos @

dE., =
Y 41re (h cosec 0)?2
dE. = pih(cosecz 0) dO cos 0
Y 4meh? cosec2 0
h(cosec20) dOcos 0
dE, - pih( )

4meh? cosec? 0

=
9]
—
T
m
(]
)
=<
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dE __p1dBcos 6
Y 4meh
__picos6do
dEy = 41teh

Similarly for y component of E
Integrate the above equation dE,, considered the limit as a4 to ™ — a;

The electric field E,, due to the entire length of line charge is given by

pl cos0do
/ daE, f "~ 4meh
ar
f p, cos0do
"~ 4meh
a
m—az

P

Y T ien Y cds0do

PL_|[sin g]r—e2

y = 4mteh %1
_ Pt . _ (i
Ey = poep ST — @) — (sin ay)]
E, = - h [(sin ) — (sin a)]

Case (i): If the point P is at bisector of a line, then a1 =a; = a

E, =0 E becomes E,

h [(cos g ) + (cos a3)]

h [(cosa) + (cosa)]

pi
E, = Ameh (2cos a)
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_ P
*  2meh

(cosa)

P

E, = aneh [(sin @ ) — (sin a4)]

Substitute a1 = a; = «

E, = 41[;’1 [(sina) — (sina)]

E becomes E, E=E,

Case (ii): If the line is infinitely longthen @y = a; = a =0
E, =0 E becomesE,

P

E, = Ameh [(cosa ) + (cos a3)]

P
E e
*  4meh

[(cos0) + (cos0)]

_ P
*  4meh

[(1) + (1)]

_ P
*  4meh

2]

E _ Pt
x  2meh

P

E, = aneh [(sin @ ) — (sin a4)]
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Substituteay = a, =a =0

, = 41‘: L-[(sin0) - (sin0)]

E becomes E, E=E,
P
E. =
¥  2meh
E— P
2meh

ELECTRIC FIELD INTENSITY DUE TO CIRCULAR DISC:

Consider a circular<disc of radius R is*Charged tniformly with' a ‘Charge density of

ps coulomb/m2 .Let P be any point on the axis of the disc at a distance from the centre.

Consider an annular ring of radius r and of radial thickness dr as shown in figure

1.7.2.The area of the annular ring is ds = 2nrdr.

Figure 1.7.2 Evaluation of the E field due to a charged ring

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-120]
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The field intensity at point P due to the charged annular ring is given by

psds
4med?
Since the horizontal component of electric field intensity is zero, The horizontal

components and vertical components are dE, and dE,

dE =

The horizontal components of angular ring is zero
dE,=0
E.=0
The horizontal components of angular ring E,, have to find for circular ring.

the vertical component is given by

__psdscos@
" 4med?

dE,

From the above diagfamfind tan & and'sin 6

r

tan@ ZE

r=htan0
r
SIHBZE

r
d =

sin@
Assume ds = 2ntrdr

__ psdscos@

dE
y 4mred?

Substitute ds in dE,

_ ps2nrdr cos 6
B 4med?

dE,
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r=htan@
Differentiate above equation
dr = hsec20d6

Substitute dr and d in dE,,

dE. — ps(2mr)h secz 6dO cos 0
y- 4med?
ps(2ntr)h secz 6d6 cos 6
dE}’ = r
e (— )
sin 6
ps(2mr)(hsec? 0 )dO cos 6 sinZ 0
dE, =
4mer?
ps(2nr)(hsec2 0 ) sinZ 6 cos 6 dO
dE, = >
4mter
ps(2mr)(h) sinZz 6 cos 6 dO
dE, = 4mer? cos? 0
Al ps2mr)(h)sinZ 8d6
Yy 41er? cos 6
ps(2nr)(h) tan B sin 6 d6
dE, =
y 4mrer?
ps(2ntr)(h) tan B sin 6 d6
dE, = >
4mer
ps(h)tan 0 sin 6 d6@
dEy, = 2¢er
Substitute r in dE,,
h)tan 0 sin 0 d6
dE, = ps(h)
2¢er
dE. — ps(h)tan 0 sin 6 d@
yo 2e htan@
__ pssin6do
dEy = 2¢
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Integrate the above equation dE,, considered the limitas 0 to a

24
_ fpssianB

[ dE, o

0

24

_Ps .
JdE, = P [sin6de
0

Ps
E, = = [— cos O0]§

_Ps _ (-
E, = 2e [(—cosa) — (—cos0)]
_Ps ..
E, = e [(—cosa) + (1)]
_Ps _
E, = P [(1) + (—cosa)]
_Ps...
E, = Be [1 — cos'e]
The total electric field E=E.+E,
E=E,+E,
E,=0
Ps
E, = e [1 — cosa]
Ps
E=0+__ [1 — cosa]
2¢
Ps
B=_ [1 — cosa]
2¢
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ELECTRIC FIELD INTENSITY DUE TO INFINITE SHEET OF CHARGE:
Consider an infinite plane sheet which is uniformly charged with a charge density of

ps Coulom/m?2 as shown in figure 1.7.3.

P(0, 0, k)

Ps

h

Figure 1.7,2 Evaluation of the E field due to an infinite sheet of charge

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-116]
The field intensity at any point P due to infinite plane sheet of charge can be evaluated
by applying expression of charged circular disc.

The field intensity at point P due to the charged annular ring is given by
_ psds
4mred?

Since the horizontal component of electric field intensity is zero, The horizontal
components and vertical components are dE and dE,
The horizontal components of angular ring is zero

dE,=0

E.,=0
The horizontal components of angular ring E,, have to find for circular ring.
the vertical component is given by

__psdscos0

dE, Amred?
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From the above diagram find tan @& and sin 6

r

tan@ =H

r=htan@

Tr
Sll’le=a

r
d =

sin@
Assume ds = 2ntrdr
_ psdscos@

E
aEy 4med?

Substitute ds in dEy

_ ps2nrdr cos 6

dE
y 4mred?

r=htan0

Differentiate above equation

dr = hsec?0do
Substitute dr and d in dE,

dE. — ps(2mr)h secz 6dO cos 0
y- Amed?
ps(2mr)h secz 6dO cos 0
dEy = r
e ()

sin 6
ps(2mr)(hsec? 0 )dO cos 6 sinZ 0
dEy = 4mrer?
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ps(2ntr)(hsec2 0 ) sin2 0 cos 6 dO
4mer?

dE, =

ps(2mr)(h) sinZ 6 cos 6 dO

41er? cos? 0

dE, =

ps(2nr)(h) sinz 6d6
4mer? cos @

dE, =

ps(2mr)(h) tan 0 sin 0 dO
4mTer?

dE, =
ps(2mr)(h) tan 0 sin 6 dO

4mrer?

ps(h) tan 0 sin 6 d6

2¢&r

dE, =

dE, =

Substitute r in dE,

ps(h)tan 0 sin 6 d@
2er

dE, =

psCh)tan 0 sinB do
2¢ htan@

dE, =

Pssin0do

E:
dEy 2¢

Integrate the above equation dE,, consider the limitas 0 to a

de fpssmede

a
_Ps .
JdE, = o [sin6de
0

Ps
E, = = [— cos O0]§

E, = % [(—cosa) — (—cos0)]

=
9]
—
T
m
(]
)
=<
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The total electric field

The electric field due o infinite unifarmly charge sheet @ =90°

P BRI 2Anna University App off P

E, = Ps [(—cosa) + (1)]

2¢
E, = % [(1) + (—cosa)]
E, =% [1 — cosa]
E=E,+E,
E=E,+E,
E,=0
E, —g—z_ [1 — cosa]
E_O"'E [1 — cosa]
2¢
Ezﬁ [1 — cosa]
2¢

Ps
E=__11-cosa]
2¢
Ps
E=__ [1 — cos90°]
2¢
Ps
E =
—[1-0
7% | ]
Ps
E =
— |1
7% 1
E=PFs
2¢
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1.8 GAUSS’S LAW AND ITS APPLICATIONS

ELECTRIC FLUX (x)

If the test charge is moved towards the charge Q,the test charge will experience force

due to the main charge Q.The lines of force can be designated as electric flux which is

equal to the charge itself. The electric flux (x) eminates from electric charge@.

ELECTRIC FLUX DENSITY (D):

x=0Q

Electric flux density or Displacement density is defined as the electric flux per unit area

Q
b=4

For sphere surface area

Substitute A in D
But

Substitute D in E
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GAUSS’S LAW:
The gauss law states that the electric flux passing through any closed surface is equal

to the total charge enclosed by the surface.

Ds normal

-Iﬁl‘l-c

8 200C

Figure 1.8.1 Illustration of Gauss’s law

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-128]

Consider a small element of area ds in a plane surface having a charge Q@ and P be a
point in the element. At every point on the surface the electric flux density D will have
value Dg. Let Dg; make an angle 8 with ds as shown in figure 1.8.1.The flux crossing
ds is the product ofthe nonmalcomponent,D and-ds.

dx =D snommat,. A5

D; wormar = Ds cos 0

dx = Ds;cosOds

For dot product
dx =D .ds
a small element of area ds can also be written as dA
dx = Dg.dA

The total flux passing through the closed surface is given by

x=[dx=¢D,.dA
S
x=D;A
Substitute D¢ value in above equation

Q
DS:Z

"N BRI 2Anna University App off Py Stere



binils.com - Anna University, Polytechnic & Schools
Binils.com — Free Anna UniversityPRdty{eithhjc Vealeo @ IStudy Materials

ngA
A
x=0Q

Proof:
Consider a charge Q at the origin of a spherical co-ordinate system, whose co-ordinates
asr, 0, @ as shown in figurel.8.2.The radius of the sphere is r.

The electric flux density due to the charge Q is

D = yi Coulomb/metre?

For sphere surface area
A = 4mr?

Substitute Ain D

But

Substitute D in E

'

X

Figure 1.8.2 Surface element ds in the spherical co-ordinate

[Source: “Electromagnetic Theory” by Dr.P.Dananjayan, page-2.3]
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Consider a small element of area ds on the surface of the sphere at a distance r from
the origin as shown in figure. The sides of spherical co-ordinate system are

dr,rdf and r sin @d .
The differential area d, =dr.rd0 =r dr do
ds= rd0.rsin0de =1r2sin@ do d¢
ds= rsin@de.dr =rsin0de dr
For dot product

dx =D .ds

Integrate the above equation on both sides

[dx = [Dg.ds

[dx¥="[[ DL ds

Substitute D in above equation

Q

41r?

Q

4mr?’

D

ds

Jdx = [f

Substitute ds in above equation
dys= r2sin0df d¢

Q
[dx= [ .12sin0 dO d¢
41rr?
S
¢ 2sin6do d
— .12 sin
* ﬂ4-7tr2 ¢
S

"N BRI 2Anna University App off Py Stere



binils.com - Anna University, Polytechnic & Schools
Binils.com — Free Anna UniversityPRdty{eithhjc Vealeo @ IStudy Materials

Q
= [[— .sin6dfé d
x ff4-t Q
S

The limitfor8is0 to
The limit for @ is 0 to 2m

First integrate with respect to
= in6dod
= [[— .sin
X JI | P
S

P=21 g=g

o [ [ sin6déde
=0 06=0

X =

p=2r

J [—cos@lF de
»=0

Q
YT

Q=21
% [ (—cosm) — (—cos0)] de¢
»=0
P=2T
=L [ D= (D] do
41
p=0
p=27
x= = [ [W+@)] do
T
»=0
P=27

x= = [ (@] do
Vi
¢=0

X =
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Q=21
xX= —
2 de
»=0
Next integrate with respect to ¢
=27
¢ d
xX= —
2 ¢
p=0
Q
—_ 2

x= L [2m) - (0)
Y3

B Q
x= o [(2m)]

£=Q

The electric flux crossing the surface is equal to the charge enclosed by the surface.

The gauss’s law can Be stated in the point ferm ag'follows.

The divergence ofelectric flux densitiniscequal tothewvolume charge density.
V.D =p,

APPLICATION OF GAUSS’S LAW:
The surface over which the gauss law is applied is called as Gaussian surface.
The gauss law is applied to the surface in following condition.

= The surface is closed

= The electric flux density D is either normal to the surface at each other.

= The electric flux density D is constant over the part of the surface.
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INFINITE LINE CHARGE:

The infinite line of uniform charge p; c/m lies along the Z-axis. The line charge act on
x,y — axis is zero. To determine D at a point P.Choose a cylindrical surface containing
P to satisfy the symmetry condition as shown in figure 1.8.3.The electric flux density D
Is constant on and normal to the cylindrical Gaussian surface.

Consider a cylindrical surface .The axis of cylindrical are (x,y, z).The line charge act

on the cylinder isp;.

__~Line charge p, Clm

e
~ 3
__—Gaussian surface

-
&
po
o
i
o

Figure 1.8.3 Gaussian surface about infinite line charge

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-129]

The electric flux density

b Q
A
Q =DA
Surface area can be written as
A= [[ds
Substitute A in Q
Q=J/Dds

Substitute
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D =D,

szstds

Q= [[Ds;ds+ [[Dsds + [ Ds ds

(Side) (Top) (Front)
The electric flux density in x and y direction is zero.

The electric flux density only occur in the side of the cylinder

Q=J[Dsds+0+0

Q=fstdS

The sides of cylindrical co-ordinate systems are dr,rd¢ and dz
The differential area d,= dr.rde =rdrde

d,= rdpdz

d,= dzdr = drdz

Consider
ds=rdedz
Substitute dg in Q

Q = [[ Dgrdedz

Q = D ff rdedz

The limitforthe Zis 0 to 1
The limit for the @ is 0 to 27

=
9]
—
T
m
(]
)
=<
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z=l Q=21

Q=D; | | rdedz
z=0 ¢=0

z=l @=21

Q=Dygr [ [ dedz
z=0 ¢@=0

z=1

Q= Dsr | [pl§rdz
z=0

z=1

Q= Dyr | [(2m)—(0)]dz

z=0

z=1l

Q= Dyrf, [(2m)] d

z=0

z=1

Q= Do [ 2mdz
z=0

z=1

Q=2nD;r [ dz
z=0

Q = 2n Dyr [2]}
Q =2n Dy [() - (0)]

Q =2 D,r [(D]

Q =2nriDg
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Q
Ds = 2 rl
Area of Cylinder A =2nmrl

The line charge density

Q
P = T Coulomb/meter(c/m)
Q
pP1= T
Q =pil
Substitute Q value in D¢ equation
Q
D.=
S 2mrl
__pd
S 2mrl
= PLL
St 2W T
The electric field for infinite line charge
D = ¢E
Substitute D = Dy
Ds; = ¢E
E="s
£
£ = )&,
E= s
E0&r

Relative Permitivity (er) = 1

E = Ds

&g X 1
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Substitute D¢ value in E equation

COAXIAL CYLINDER

Consider the two coaxial cylindrical conductors forming a coaxial cable. The radius of
the inner cylinder is a while the radius of the outer cylinder is b.The coaxial cable is
shown in figure 1.8.4.The length of cable is L.

The line charge density of infier cylinderisip;. The linesCharge density of inner cylinder
iS—pl.

Conducling
cylinders

cah

Figure 1.8.4 Coaxial Cable

[Source: “Electromagnetic Theory” by U.A.Bakshi, page-3.19]

In outer side the integral of electric flux density over a space is equal to charge.

fDds:Q
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The line charge density

Q
pl:T

Q
pl—T

Q=pd

Substitute Q'in [ Dds

/Dpds; =Q
fDds = pil

Substitute D"in [ Dds equation

ngds = pul
gEfds = pil

[dy=S5=A4

Substitute [ ds value in above equation

cEA =:[nl
g=Pt
EA
Area of Cylinder A =2nrl
__pd
g2nrl
E— P
e2nr
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P

2er

E =

INFINITE SHEET OF CHARGE
Consider an infinite sheet of uniform charge pg C/m?2 lying on the Z = 0 plane.To
determine D at point P.Choose rectangular box that is cut symmetrically by the sheet of

charge and has two of its faces parallel to the sheet as shown in figure 1.8.5.As D is

normal to the sheet.

by

Infinite sheet of
charge pg C/m? D

Gaussian surface

Figure 1.8.5 Gaussian surface about an infinite line sheet of charge

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-130]

Q=J/Dds
Substitute
D =D,
Q= ff D ds

Q=[[D;ds+ [[Dsds + [[ Dg ds

(Side) (Top) (Front)
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The electric flux density in x and y direction is zero.

The electric flux density only occur in the side of the infinite sheet

Q=[[Dsds+0+0

szstds

The sides of rectangular co-ordinate systems are dx, dy, dz

The differential area

Consider

Substitute dg in Q

Substitute [ dxdy in Q

Substitute [[ dxdy in Q

P BRI 2Anna University App off P

ds = d,d,
ds = dyd,

d, =d,d,

dy= d.d,

Q= ff Dsdxdy
Q=D ff dxdy

ff dxdy =A

Q=DA

Q= ff Dsdxdy + ff Dsdxdy

(Top) (Bottom)

Q= ff Dsdxdy + ff Dsdxdy

ff dxdy =A
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Q=D,A+DA
Q=2D,A

Surface charge density:

Qe
Ps=5=1

Q @

Ps=5 "2

Q=pS=pA

Substitute Q value in above Q equation

Q=2DA
psA=2D,A
pPs =2 D
Ps
D= —
$ 2
Substitute D value In E
D = &¢E
D
E=—
£
Consider
D =D,
E—m
£
E—Ds
Eo&r
E=¢& & =1
E= Ds
&g X 1
E=m
€o
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Substitute D¢ equation in E

p
DS=7S
E= Ps

280

UNIFORMLY CHARGED SPHERE

Consider a sphere of radius a with a uniform charge p,, C/m3 .To determine D
everywhere. Construct a Gaussian surfaces for case r < a and r > a separately. Since
charge has spherical symmetry. It is obvious that a spherical surface is an appropriate

Gaussian surface.

Gaussian surface

Figure 1.8.6 Gaussian surface for a uniformly charged sphere

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-131]

Case (i): The point P is outside the sphere (r > a)
The Gaussian surface passing through through point P is a spherical surface of radius r

The sides of spherical co-ordinate system aredr, rd@ and r sin 8d .
The differential area ds, =dr.rd0 =rdr do
dys= rdf.rsinO@de =1r2sin0 do d¢
ds= rsin@de.dr =rsinfde dr

Consider differential area
d;,=12sin0do de¢
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x=0Q
Q=J/Dds
x=Q=[[Dds
The limitfor@is 0 to
The limit for ¢ is 0 to 2w
First integrate with respect to 8
x=Q=[[Dds

Q=/[Dr2sin0 do de

P=21 @=g
Q=Dr> [ [ sin0dode
©=0 ,0=0
Q=2r
Q=Dr2 [ [—cosO]|F do
p=0
p=27
Q=Dr2 [ [(—cosm)—(—cos0)] de¢
p=0
Q=2m
Q=Drz [ [-(-1D)—-(-1)] de
»=0
Q=2m
Q=Drz [ [D+1)] de
»=0
p=27
Q=Drz [ [(2)] d¢
p=0
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Q=27
Q=2Dr2 [ de¢

@=0

p=2m
Q=2Dr2 [ de¢

¢=0

Next integrate with respect to ¢
Q=2r
Q=2Dr2 [ de¢

»=0

—_ 21
X = o []§

Q =2Dr? [(2m) — (0)]
Q =2Dr? [(2m)]
Q =47D 1?
Q

D=_°"
41t 12

Consider

E=¢& & =1
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Substitute D in E

= A 12
ATt rog,

Total charge enclosed by volume
0

szpvdv

v

The sides of spherical co-ordinate system are dr,rd0 and r sin d¢.

The differential Volume d, = dr.rd6.r sin0d¢
d,="1%2sin0d0 d dr

Substitute d,, in @

0
szpvdv

v
0

Q=/[p,r2sin0 do de dr

v

Q=21 @=m r=a
Q= [ [ [ p,r2sin@dOde dr
=0 6=0 r=0

The limitfor8is0 to
The limitfor @ is 0 to 2
The limit forris 0 to a

First integrate with respect to 6
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P=2T Q9= r=a

Q=p, ] [ [ r2sin6dode dr
9=0 6=0 r=0

P=2T @=m r=a
Q=p, ] [ [ r2sin0d6de dr

¢=0 6=0 r=0

Q=21 r=q
Q=p, J [ [—cosOlF der:dr
=0 1r=0
P=2T r=q
Q=p, | [ [(—cosm)—(—cos0)] derzdr

=0 r=0

P=2T r=q
Q=p, | [JI-C-D-(CD]] der2dr
=0 r=0
Q=21 r=g
Q=lp, U1 L[WL@ s (L) "deridr
=0 r=0
Q=21 r=q
Q=py | [1@)] derzdr
=0 r=0
P=2T r=q
Q=2p, | [deridr

=0 1r=0

Next integrate with respect to ¢

Q=2 r=q

Q=2p, | [deridr
=0 1r=0

r=a

Q= 2p, [ [@lFrzdr

r=0
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Q=2p, rfza[(zﬂ) — (0)]r2dr
=0

Q=2p, rf:a[(Zﬂ) — (0)]r2dr
r=0

Q=2py }ZCE(Zﬂ) — (0)]r2dr
r=0

Q=2p, }:‘E(Zﬂ)] rzdr
r=0
Q = 4mp, r;“ r2dr

r=0

Next integrate with respect to r

r=a
Q= 4mpy | ‘rzdr
r=0
r3 “
Q = 4mpy [3]0

a3 03
Q = amp, [5) ~ )]

a3
Q = 4mp. [(3) — 0]

a3
Q = 4mp. [5)]

_ 4mp,a’

Q= 3
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Consider electric field

E=¢&)& &=1

Substitute Q in E

Electric flux density

E=¢&) & =1

Substitute E in D

P BRI 2Anna University App off P
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E=_"°"
4Ter?

Q

E=_ _
4ATTE (£, 172

Q

 4mey X 1 X 12

Q

E=
4TTE (172

4mpyad

E=—3—
41TE(T?

4mtp,a3

3 X 41 T2

p,a’

._:t OTZ

E

D = &gye, E
D = &g X 1XE

D = SoE'

pra’

= 2
3g,T

D = EoE'
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pra’

3¢g,1?

D=€0

_ p@
b= 312

Case (ii): The point P on the spherer = a
Gaussian surface is same as the surface of the charged sphere
pya’
T 312

Substitute = a in above equation

Case (ii): The point P is inside the sphere r < a

Gaussian surface is spherical surface of the r where r < a

The differential area d,=dr.rd0 =rdr do
dys= rdf.rsinO@de =1r2sin0 do d¢

ds= rsinfde.dr =rsinfde dr

Consider differential area
d;,=12sin0do d¢

x=Q

Q=J/Dds
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x=Q=[[Dds
The limitfor@is 0 to
The limit for ¢ is 0 to 2w
First integrate with respect to 8

x=Q=[[Dds

Q=/[Dr2sin0 do de

P=21 @=g

Q=Dr2 [ [ sin0dode
@=0 6=0

Q=2m
Q=D7r2 [ [—cosO]|f do

Q=Dr2 [ [(—cosm)—(—cos0)] de¢
Q=Dr2 [ [-(-D)—-(-1)] do¢

Q=Dr2 [ [(D+@)] do
»=0
p=27
Q=Drz [ [(2)] do

Q=2Dr2 [ de¢
»=0
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=27
Q=2Dr2 [ dg
¢=0
Next integrate with respect to ¢
=21
Q=2Dr2 [ dg
¢=0
Q
x=— lol§”

21

Q =2Dr? [(2m) — (0)]
Q =2Dr? [(2m)]
Q = 4nD 12

Q

D=_"__
41T 12

Consider D equation as

E=¢&)g & =1

Substitute D in E
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Q
E = 42

Electric flux density

E=¢&, & =1

D = &goe E
D=¢gyX1XE
D = EoE'

Substitute E value in above equation

D=____
41T 12

The enclosed by the sphere of radius r only and not by the entire sphere. The charge

outside the Gaussian surface will not affectD.

Total charge enclosed by volume
0

szpvdv

v

The sides of spherical co-ordinate system aredr, rd@ and r sin 8d .

The differential Volume d,= dr.rd0.r sin 8d¢
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d,= r2sin6dOdge dr
Substitute d,, in Q

0
Q=fpvdv

v

0
Q=/[p,r2sin0 do de dr

v

Q=21 Q=1 r=a

Q= [ [ [ p,r2sin@dOde dr
=0 6=0 r=0

The limitfor@is0 to
The limit for ¢ is 0 to 2w
The limit forris0 to r

First integrate with respect to 6

P=2T Q9= r=r

Q=p, ] [ [ r2sin60dOde dr
=0 6=0 r=0

P=2T Q9= r=r

Q=p, ] [ [ r2sin0d@de dr
=0 6=0 r=0

Q=27 y=r

Q=py | [ [-cosblf derzdr
=0 7r=0

Q=2 yr=r

Q=p, | [ [(=cosm)—(—cos0)] derzdr
=0 r=0
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P=2T y=r

Q=p, | [I[-C-D—=(-1D]] derzdr

=0 7r=0

P=2TC y=r

Q=p, J] JIW+Q@)] derzdr
=0 r=0

P=2T =y

Q=p, | [[@)] deridr
=0 r=0

Q=27 yr=r

Q=2p, | [deridr
=0 r=0

Next integrate with respect to ¢

Q=2 yr=r

Q=2p,| " [derdr

Q= vai?(zﬂ) — ()] r2dr
Q= vai:}(zﬂ) — ()] r2dr
Q= vai?(zﬂ) — (0)]rzdr
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r=r

Q=2p, [ [2m)]r?dr
r=0

r=r
Q =4mp, [ r2dr
r=0
Next integrate with respect to r
r=r
Q=4mnp, [ r2dr
r=0
r3 "
Q =4mpy 7]
0
r3 03
Q =4mpy [3) ~ F)]

r3
Q=Hmpy ()= 0)

7'3
Q = 47py )]

_ Amp,r3
3
Substitute Q in D

Q

D=__" _
41 12
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Electric flux density

D = ¢E
E=¢&¢& & =1
D = gpe, E
D = &g X 1XE
D = EoE'
Substitute D value in above equation
D = SoE'
r
poT _ e E
3 0
P
380
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