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PREFACE
Electromagnetic Fields and Waves `is a subject of imponance offered

at  the  second  year  level  of the  courses  leading  to  Bachelor's  degree  in
ElectricalEngineeringandElectronicsandCommuhicationEngineering.Out
oftheexperienceoftcachersteachingthissubject,theneedofacomprehensive
book covering the aspects of fields, Waves and Antennas was felt, the result
is this book.

This book will serve as a text book for under-graduate courses of
universities and Engineering Colleges offering Electrical Engineering and
Electronics and Communication Engineering.

Chapter  I .gives a brief mathematical  intreduction  needed  for the
course namely the vcetor analysis. Chapters 2 and 3 give a description of the

;to:n:ic::i:ffic:::ge:She:::c!:fifLfanEE¥:::,;e:=4:;EE:o;:ac:eei.aft;:i5;:p:a:gir,;i
•of Wave in wave guides is understood in chapter 9. The reader is introduced

to Transmission Lines in chapter 10. Chapters 11.12 and 13 give an-`overall
viewoftheantennas,thehaScelementtotransmitandreeeivetheel`ectromag-
neticwaves.Thelastchapterdiscussesthevariousmeansofthewavepropaga-
tion.

EffortsaretakentopresentthebeginnertheconceptsofFields,Waves
andAntennasassimplyaspossible.Theauthorwillbegratefulforcomments,
suggestions and criticism for improving the standard of the book.

ItakethisopportunitytothankmywifeSmt.GiriKumariwhohelped
me at every stage of this book.

D.V. PRASAD
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1
Vector Analysis

Vector analysis is a shortcut mathematical tool and results in a real
economy of time and thought. The field concept applied to understand the
Strange behaviour of an electromagnetic wave involving multi-variables and
especiallythefactthatthepropagationofawaveismorecomplexindifferent.
mediums can be easily understood .by applying the concept of vectors which
give  a  clear insight  in understanding the physical laws that mathematics
describe.

A quantity whose only measurable attribute is its magnitude is called
a scalar quantity. The temperature at any point, mass, density, pressure are
examples  of scalar  quantities.  A quantity  with  two  measurable  attributes
namelymagnitudeanddirectionisrofenedtoasavectorquantity.Thevelocity
ofamovingobject,theforceappliedto.abody,thegravitationalandmagnetic
fieldsoftheearfu,thevoltagegradient,thetemperaturegradientareexamples
of vectors. A vector quantity is specified by a directed line in the direction of
thevectorquantity.

Two vectorsA and 8 satisfy the rules of ordinary algebra namely

a+5=5+i         ..    Commutationinaddition         ...(1.1)

I+(E+@=(I+E)+5.      Associationinaddition           ...(1.2)

The sum of two vectors i and E results in a third vector a = a + E.
There is always a vectorf such that

a+¥=5
and i is called the vector difference betweeri E and I .

1.1. Dot and Cross Products
ThedotproductOftwovectorsZandEisdefinedas

a . 5 = AB cos 0 •..(1.3)

where 0 is the angle between the two vectors. In rectangular coordinates the
vectors can be expressed as

a = I.Ax + fy4y + I.4z
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-B --ixBx + iyBy + iBz                                                ...(1.4)

where jx , fy , i are the unit vectors in the differem axes. The dot product of
these two vectors can be expressed as

A . 8 -- (ixAx + iyAy + izAz) . (iEx+ iyBy + iEz)
--Afx+Apy+APT-

ThecrossproductoftwovectorsZandEisdefinedas

•..(1.5)

Zx5=AB cos 0                                                             ...(1.6)
Expressing the vectors  as  in the fom of equation (1.4),  the  cross

product of the two vectors can be evaluated by the determinant.

ZxE=
b[          ly          I,z

4     Ay     Az
Bx       By       Bz

•..(1.7)

Examphel.1.Given-A--2ix-Sky;3izandB--3ix+Byiy+Bjz,find
ByandBzsuchthat-Aand-Bareparallel.

Solution. I x 5 =
tx           ly         .z

2-53
3         By       Bz

-- ix (-5Bz -3By) + ky (9 -2Bz) + iz (2By + 1S)

To satisfy the condition a x E = 0, each of its components must be
individually zero. Thus

-SBz-3By--0
9-28z--0

and 2By + 15 = 0
Since the three equations are not independent of each other, any one

of them can be obtained from the other two. If a third order deteminant is
expanded about a row or a column and two of the cofactors are zero, the third
cofactor is also zero.

1.2. Triple Scalar Product
Considerthetriplescalarproductofthreevectors5.ZxE.Thiscan

be written in its components as

D.AXB--¢ipx+i3Py+ipz).
tx         ly         I,z

4     Ay     Az
Bx       By       Bz

•..(1.8)

Since the scalar product of two vectors is the sum of the products of
similar components, equation (1.8) can be.written as
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1i=D._Ax_8--
Dx      Dy       Dz

4.      Ay.      Az
Bx        By        Bz

3

•..(1.9)

Interchangifig the rows, it is clear that--------_
D.AXB=A.BXD=B.DXA                           ...(1.10)

It can also be shown that

A x 8 x C -- 8 (A . C) - C ¢A . 8) •..(1.11)

1.3. Represen¢ation of Surfaces
A surface of any shape with an a.lea can be represented by a vector

normal to thg surface, the length corresponding to the area of the surface. A
plane surface can be simply be represented by a vector normal to the surface
directed outwards as shown in Fig.1.1.

ipLANE suR6acE

Fig. 1.1. Vector representation of a plane surface.

If the surface is a closed surface, a single vector representation does
not hold good and the surface considered has to be split into a large number
of plane surfaces, which in turn can be represented by individual vectors as
shorn in Fig.1.2.

Fig. 1.2. General vector representation.

The  total  vector  representation  of  such  a  surface  is  the  sum  of
individual vectors and leads to the   surface integral. If Fi, F2 ,..., F, are the
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values of the vectors of the surfaces dri , ds2 ,..., ds„ the total summation can
be written as

i.fr.-dsr--fs-Fds•,-1    -

This integral is usuany known as surface integral.

1.4. Gradient, Divergence and Curl of a Vector
Thegra`dient ofa scalarvisdefmed as      .

gradv=¥Vi+gvfy+#z

•..(1.12)

•..(1.13)

The scalar pfodTct of the vector operator V and the vectorz is called
thedivergenceofA.representedasV.a

v.a=diva=(.i£+fy%+££).@k+Ayfy+AZEj

•..(1.14)

v.A-#+#+%
If the divergence of a vector is zero it is called solenoidal.

•..(1.15)

ThevectorproductofthevectoroperatorVanddsvectorziscaned
thecullofavcctorandisrepresentedbyVxZ

Chfl A = v x a
=(i£+fy£+I.z£)x@±+Ari+Ajzj

=(=-=)i+(=-=)fy+(=-=)i   ...(1.19

This expression can be expressed in the foin of a deteminant as

•..(1.17)

If the oull of a vector is zero, then the vector is ch-lled imtational.

EHalTphe12.Showthatthevectoryzix+]dy+nyizissoleroidaland
irratahonal. .

Solution. Let the vector

A = yzL + try + ny£.
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and
Toshowthat        V.A=0    (Solenoidal)

V xA = 0    Qrotational)

v.A-#+#+#
--%lyz,+%y(xz,+%try,

=0
V.A = 0  '

Thevinoris solenoidal.      .

VxA=

= i (1 - 1) - fy (1 - 1) + f.z (1 - 1) = 0
VxA=O

The vector is Inotational.

1.5. hadacian
The second order differential operator is called haplacian defined as

the divergence of a gradient of a alar.
Iid:phoi:an          f =V2f --V.F7f    .

8-#+3#1#.#1

v2

is called th.e I.aplacian.

1.6. Identities

ark     _  ar2     -   at

wirf+-dy2+32Z2

•..(1.18)

Thedifferentidentitieswhicharewidelyusedinderivingfieldequa-,
tions .are given below :

(a)   v.rvxz)=o
qb)   VxC7f i--0                    -                    ..

(cj   vxvxz=vrv.zj_v2z
(D  v . I x E -- B . v x I - I . v x E

5.
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V (ab)--avb + bJqa                ,

vta.5>=tz.v>E+tE.v>z+zxtvxE>+Extvxz>_   _    _   _   ---. _. I   .I _.=

6

t8j   v x ta x 5j = I v 5 _ 8 v. A + tB`. v j A _ tA. v> 8.
Some of the identities are proved and tl]e rest are left to the student as

exercLse(a)      v  ovxz)=Z,x£[*X¥+'yx#+[Z+*]

=Zlx+xx#+lfyx#+izx#]

=Z(ix.jxx#)+Z(i...zx#)

•z(-x#)
-zz.#xi.#+I .      .    arc_-_Atxxty.why

+zixxiz.#

-o+z[jz.#-fy#]
=0

¢g      V.-Ax-B--ZL%.a-Ax-B).

=Zh.(*xE+Zx¥)

=Zlx.(*+5')+ZL.(Zx¥)

=5.(Zix*)~Z.(ZLx¥)

-_E.vx-A--A.VXB=T-         ==:

{{g)vx{-AXE)=ZL*v¢-AXE)



VECTOR  ANALYSIS 7.

=2I.xx(¥xE+ax¥)

=Zf.xx(.*xE)+Zz.xx(Zx#|

-z[(*.E)*-(*  *)5]

•z[(,.I.¥)a-(*.a,¥]

-I(*.E,*-5(Z*.*)

•z(zjx.¥)-z¢.L,¥

=Zrv.5\-tv.I)+(5.vjZ_(I.v)5.
1.7. Stokes' Theorem

The Stokes' theorem states that the surfa_ce integral of a vector field
i over a surface s is equal to the line integral ofA around contour c.

I.e.                               /ov xa). ds = ¢a. di                                ...(1.19)

E;zfa:"phe13.Acircleofred\uns2withcentreattheoriginrestsinthe

yzplane.If-A.--ix3fi+b4z+iz6yftnd§-A.dLwherethecomouristhe
C

ciroumference Of the circle.

Solution. To evaluate the integral ¢
C

A . dL it requires that an exDres-

sion for dL on the circumference of the circle in terms of :x, y, z be found. h
order to  lessen the Process of evaluation, the Stoke's theorem is directly
app,ied ,..e.

S-A.dL--fvx-A.ds
CS

Curl A =VxA=

= ix (6 - 4) + ky (0) + iz (- 6y) -- 2ix - 6yiz.
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Since the plane of the circle. is nomal to the I axis, the unit vector is
in I direction.

SvxZ.ds=f(2ix-6yiz).ieds
SS

=2J
S̀

ds = 2, Tir2

=2Jt(22)              I...     r=2]

= 8 JT.

1.8. Divergence Theorem
This theorem states that the integral of a divergence of a vector over a

volume is equal to the surface integral of the vector over a closed surface, i.e.

/a.ds=J`
sVr

v. Aav                                               ...(1.20)

1.9. He]mholtz's Theorem
It st.ates that a. vector field is completely specified by its divergence

andchrl.IfthevectorfieldFisirrotationalI..e.VxF=0,thenFcanbeobtained
from a scalar function as

F= -V ¢                                                           ...(1.21)
If the divergence of the field is identically zero the field is solenoidal

I..e. V . F = 0 and can be.Obtained from a vector quantity as
F = `V x A

A general vector can now be expressed as
F=-V¢+VxA

•..(1.22)

•..(1.23)' The other forms like cylindrical and spherical co-ordinate systems are

also widely used and hence the relations and  fomulas for conversion are
'presented below.

CartesiantoCylindrical Cylindrical to Cartesian

A; = r cos 0

y = r sin 0
Z__Z

Ar = Ax cos 0 +Ay sin 0

Ao = -Ax sin 0 + Ay cos 0

4.=Az

-_I:xfTf
I  0 = tan=1 y/x

Z__Z

JrJ'Ax-_Ar.-jf=-Ao.-jfa
Ay--Ar.-J#`Ao.-J#X

Az =Az
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C artesian to Spherical Spherical to Cartesifln

]f = r sin o cos ¢

y = r sin 0 sin`¢

z = r cos 0

A, =Ax sin 0 cos 4
+ Ay sin 0 sin ¢
+ Az cos 0

Ao =Ax cos 0 sin ®
+ Ay cos 0 sin +
-Az sin 0

A¢ = -4 sin ¢
+ Ay a?s 4,

r--Vrf;-y2-;I

o = cos-1
VitT:-yii

¢=tan-1y/x

Ar . J,

Vif :-TTZ
4¢y

Vtry

AOJ#

q:2 + y2yK2 + y2 .+ z2,;)

Aoyz

vrF+y2yit2+y2-+E,

A,z   -    Ao.Vft
vfTTTf - vrfe

and

fields.

Exal"phe 1.4. Two vector frolds are given by

A--3jix+4zky+6y±
•B-_{xcosyix+ctxsinyky-±iz.

Determine whether these vector fro:lds  may be gradients  of scalar

Solution. For the vectors to be gradients of scalar fields the curl of the
vectors should be zero.

--2,ix-6yiz.

Since ;he  curl of A is not zero, A  camot bethegradientofa scalar
field.
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=0.

Therefore 8 is the gradient of a scalar field.
Ex2I"phe 15.  Let r -- xix + yiy + ziz b€ the position vector Of a point

P(x, y, z). Find (div r) and show thatJ`r . ds over any closed surface is equal
S

tothaeetimesthevol;meenclosedb;thatsurface.

Solution.     V.r=£tx,+%fy,+£tz,

=3.

By Divergence theorem,
•/r.ds=/V.nay

sV

=/3av
V

= 3V.                   `

Ex2I"T!he 1.6.  Determine the constant c such that the vector
-F = (x + ay) ix + ly + bz) iy + €x + cz) iz

will be solenoidal.
Solution. A vector F is solenoidal if

v . _F = 0 .

V.-F--%(x+dy"%yly+bz1+%¢x+cz)

=1+1+c

For F to be solenoidal
1+1+c=O

c = - 2.
• ExglmphelJ. Use Stoke's  Theore],n  to  prove that  the  idendty.

Curl ¢grad ty) -- 0 .
Solution. Stokes Theorem states that

§F.dL--fou\F.ds
cS
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