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VECTORS & CO-ORDINATE SYSTEMS

1.1 VECTORS

e Scalar triple product: 4. (BxC)

A vector A has both magnitude and e Vector triple product: 4 x (B x C)
direction. The magnitude of A is a scalar

written as A or |A|. A unit vector aa along A 1. Dot Product

is defined as a vector whose magnitude is The dot product of two vector A andB

unity and its direction is along A, that is, written asA. B, is defined geometrically
A Aa, +A a +A,2a, as the product of the magnitudes of A

ap = ap = and B and the cosine of the angle
[A] +A2 +A2

between them.

A.B=AB cos 0,5
Z . E = AxBx + AyBy + AzB:
2. Cross Product

AxB=ABsin0,,a , AxB=

QD>
N

QD>

X

X

a,
A,
B

w >
w >

1.1.1 VECTOR ADDITION & SUBTRACTION

X y z
Note that the cross product has the

Two vectors A and B can be added together following basic properties:

to g_ive_ another vectorC; that is, i) Itis not commutative:
C=A+B AxB=BxA
Law Addition Multiplication It is anti-commutative:
Commutative | 4, B=B+4 | kA4 = Ak AxB=-BxA
Associative | 4, (B4 () k(¢A) = (kO)A ii) Itis not associative:
=(Z+§)+E Kx(gxa);t(zxg)xa
Distributive | (4 B)=kA+ iii) It is distributive:
kB Ax(B+C)=AxB+AxC

The position vector rp (or radius vector) of 3, Scalar Triple Product

point P is as the directed from the origin O Given three vectors A B. and C. we

toP;ie, define the scalar triple product as

RP:O.PZXC’ix+Yay+ZCTiZ . K(gxa):g(axz)za(zxg)
The distance vector is the displacement

from one point to another. o A Ay A
Teg =Fq—Tp A.(BxC)=B, B, B,
= (XQ _XP)ax + (yQ - yP)éy + (ZQ - ZP)az C, Cy C,
4. Vector Triple Product.
1.1.2 VECTOR MULTIPLICATION Ax(BxC)=B(C.A)-C(A.B)
* Scalar (or dot) product: 4. B 1.1.3 COMPONENTS OF A VECTOR

e Vector (or cross) product: Ax B
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The vector component Ag of A along B is
simply the scalar component
AB
A; =Ac0s0=—+
B]

1.2 COORDINATE
TRANSFORMATION

SYSTEMS AND

An orthogonal system is one in which the
coordinates are mutually perpendicular.
1.2.1 CARTESIAN COORDINATES (X, Y, Z)

A point P can be represented as (x, y, z) as
in Figure

z

The ranges of the coordinate variable x, y,
and z are
—o0 < X < oo X=distance from yz plane

—o0 <y <oo y=distance from xz plane

—0 < zZ<oo z=distance from xy plane

A vector A in Cartesian (otherwise known
as rectangular) coordinates can be written
as

(Ax, Ay, Az) or Z: Axdx + AyQy + Az

Where, ax, ay, and az are unit vectors along
the x, y and z directions respectively,as
shown in Figure.

1.2.2
(P, 9,2)

CYLINDRICAL  COORDINATES

Azimuthal angle, is measured from the
positive x-axis in the xy-plane; and z is the
same as in the Cartesian system.

p =radius

¢ =azimuthal angle

z =height

XA/
The ranges of the variables are
O0<p<w
0<p<2n
—0<Z <0

A vector 4 in cylindrical coordinates can be

written as
Z

A
@P(x.y.2) =P(p, ¢, 2)
z
>y
p <
X b sX=pcosd
-&;Hﬁ@.

(A,A,A)or AA +A 4 +A4A,

vz 02 o tan-tY
p=+x2+y?, p=tan 2=,

X=pCOSQ, y=psSing,z=z2

A, cose sing Of|A,
A, |=|-sing cose O|lA, |or
A, ] | O 0 1||A,]
[A] [cose —sing O][A]
A, |=|sing cose O|A,
A, ] [ O 0 1A, ]

1.2.3 SPHERICAL COORDINATES (r,6,¢)

R=radius
0 =elevation angle
¢ =azimuthal angle
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A
B. Cylindrical Coordinates
1) Different displacement is given by
a dl=dpa, +pdea, +dza,
P \ 2) Different normal area is given by
0 a dS = pdedz a, or
r =dpdza, or
>y =pdodpa,
¢ 3) Differential volume is given by
dV = pdpdedz
lxlange: C. Spherical Coordinates
0<r<w, 0<0<n &0<¢<2n 1) The different displacement is
(Ar,Ae’A(p) or Aré‘r +Aeae +A(pé‘<p dl = drér + rdGég +rsin Gd(péq,
2) The differential normal area is
A=A+ A+ A7 ) dS=r?sin@dodea
Sy = P or
2 2,52 ayX ty — rqj 3
r=4X"+y +2z°, 6=tan " ——, _rsmedrd(pae or
z =rdrdoa
Y ’
¢ =tan « or 3) The differential volume is
—_— 2 1
X =rsin® cosg, y =rsinOsin g,z =rcoso dV=risinbdrdode
1.2.4 CONSTANT-COORDINATE SURFACES The line integral I Adlis the
L
X = Constant integral of the tangential component
Y = Constant of A along curve L.

Given a vector field A, continuous in
a region containing the smooth
surface S, we define the surface

Z = Constant
p = Constant

¢ = Constant

7 = Constant Integral or the flux of A through S as
r = Constant Y= IA.dS

0= Constant s

1.3 DIFFERENTIAL LENGTH, AREA, & 1.4 DEL OPERATOR
VOLUME

) ) V:iéx+ia +—a,
A. Cartesian Coordinates OX oy ¥ oz
1) Differential displacement is given by . 16 . 0.
T 3o a ~ ~ V=—a +———a_+—a
dl=dx dx + dy dy + dz a: op " pop * oz’
2) Different normal area is given by d 10 1 9
s = 4 V=—2a +-—a,+ —a
ds = dy dz dx or oa " rae "’ rsin@op °
=dx dz dy or
=dz dy a-
: L 1.4.1 APPLICATION OF DEL OPERATOR
3) Different volume is given by
V=dxdydz

e The gradient of a scalar V, written as V
\%
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e The divergence of a vector Z, written as
V.A
e The curl of a vector A, writtenas V x A

e The Laplacian of a scalar V, written
V3V =V.VV

1.4.2 GRADIENT OF A SCALAR

w=>a Ny Ny
OX oy 0z

ovo N, 1V, v
op ? pop * oz

v A, 1 v,
or r 00 rsind op °

1.4.3 DIVERGENCE OF A VECTOR

The divergence of 4 at a given point P is the
outward flux per unit volume as the volume
shrinks about P.

gSKE
divA=V.A = lim 2
A0 AV
— OA
vA-PBy, y+aAZ
oXx oy oz
— OA
VAL on s L0 A,
pop- " pdp oz
V.Kzizﬁ A )+ _1 ﬁ(Aesine)
ror rsino oo
1 0A,
rsin® oo

1.4.4 GAUSS DIVERGENCE THEOREM

The divergence theorem states that the

total outward flux of a vector field 4
through the closed surface S is the same as

the volume integral of the divergence of A.
$A.dS=[v.Adv
S \Y

1.4.5 CURL OF A VECTOR

The curl of A is an axial (or rotational)
vector whose magnitude is the maximum

circulation of A per unit area as the area
tends to zero and whose direction is the
normal direction of the area when the area
is oriented so as to make the circulation
maximum. i.e.

$A.d

Curl A=VxA=|lim=t a

As—0  AS m;x

a, Ay a,
— 0 0 o| — ~ ~ ~
VXA:a— E a—, A:Aan+Ayay+AZaZ
X YA
A, Ay A,
i pa, 4
VxK:léﬁ ai ai; A=Ad +A 4, +Aj4,
p|op () z
Ap pAQD A,
&, ra, rsin0a,
— 1 0 0 0 — ~ “ ~
VXA:rZSinea % a—(p ’ A=Arar+Aeae+A$a¢
A, TA, TSINOA,
1.4.6 STOKES'S THEOREM
Stokes’s theorem states that the

circulation of a vector field A 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 that A and

V x A are continuous on S.
L S

1.4.7 LAPLACIAN OF A SCALAR

The Laplacian of a scalar field V, written
as

V?V=VVV, is the divergence of the
gradient of V.

o’V o’V oV
F—t
ox*  oy* oz’

V3V =
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QL] LA TE A s

pop\ Op) p° O0p° o0z

VZV:ig(rzﬁjJr L i(sineﬂ)
r2or_ or ) r?sin® o0 o0
1 8%V

r?sin’0 o¢’

1.5 CLASSIFICATION OF VECTOR FIELDS

a)V.A=0,VxA=0
b) VA#0,VxA=0

- —p— et
—_.— X *x
—_—r— —p— +

(a) (b)

)V.A=0,VxA =0
d)V.A=0,VxA=0
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ELECTROSTATICS

2.1 COULOMB'S LAW

[t states that the force F between two point
charges Q1 and Qz is:
1. Along the line joining them
2. Directly proportional to the product Q1,
Q2 of the charges
3. Inversely proportional to the square of
the distance R between them.

= _ kQ,Q
-2
-9
e, =8854x102 ~ 0 F/m  or
367
k= ~9x10°m/F
g,
Fo--% 5
4ng,R° ¢
T2="2-T1
5 _Re
Rip |R|
Co1=- 12

2.2 ELECTRIC FIELD INTENSITY

The electric field intensity ( or electric
filed strength) E is the force per unit
positive charge when placed in the electric
field.

E=|i|'nE or Simply
Q-0

E_F
Q

E= Q 2é‘R= Q(F—S)3
4meR 4me, |r —-r |

_ r-r
E_ - 1 Z Qu ( 3")
Tey id  |r—1]
2.2.1 ELECTRIC FIELDS DUE TO

CONTINOUS CHARGE DISTRIBUTIONS

1) Line charge:
"'ll"
D, +
M
-i_
_Ir_

dQ=pLdl—>Q=J‘pLd|
L

mi

d .

:J' PL _4,
! 4ne R
Unit: p, :¢/m

2) Surface charge:

+ + +
+ P+
+ 4+ +

dQ =pydS > Q = [ p,dS
S

mj

_ I p,dS
" Ang R?
Unit: p,=c/m?

3

3) Volume charge:

Unit: volts/meter
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2.2.2 ELECTRIC FIELD DUE TO A LINE
CHARGE

_ pa +(z-2')a,
3/2
4rme, [p2+(z—z')2}

R =[p2 Jr(z—z')ZTI2 = pseca

2'=0T-ptana,dz'=

dz'

—psec’ ada

e psec’ o[ cosad, +sinod, |da

dme, 5 p’sec’ a

:_p—j[cosm +sinad ]da

drep d

Thus for a f1n1te line charge,
z

P(0,0,h)

X

£ =2 (o, i), + oo, o5 ),

As a special case, for an finite line charge,
point B is at (0,0,:0) and A at (0,0,- «) so
that o1 = /2, a2 = -n/2; the z-component
vanishes and eq. Becomes

E-_P. 3

a, volts/meter
2ne,p

2.2.3 ELECTRIC FIELD DUE TO A
SURFACE CHARGE

dE\AL dEZ' |

1, 0%,97)

dQ:pst
Q:Ipsds
S
E-—99 ;5
4ne R
R= p( )+ha

|R| _ [pz N h2:|1/2

ag = % dQ = p,dS = p,pdedp

p.pdodp[ —pd, +h, |
4re, [p + h2]3/2

dE =

p hpdpde .
:_[dEz :4—S ﬁaz
T€0 -0 p=0 [p +h ]

S e IR LI

TCSO 0
=@{_[p2 +h2]l/2}°° ;
2¢, o

E=Fs a,or E= Ps a,
2g, ° 2¢,

For conducting charged plate

E=Ps a, Ps( -4,)= pSa volts/meter
280 280 €,

2.2.4 ELECTRIC FIELD DUE TO A VOLUME
CHARGE

dQ =p,dv
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Q=[p.dv=p,[dV
\ \Y

B 4ma’
Py 3
dE= P 2
4mel R
dv =r’sindrdode
Ez:E.éZ:'[dEcos a=—Pr J‘dVCC;SOL
4me, R
E-_ 9 3
4me,z
E-- 2 3
4ne r

2.2.5 ELECTRIC FLUX DENSITY
B units:c/m?

¥=[DdS (Total Flux)
S

D="PL 3 (Line charge)
2np *
D= p—zsén (Sheet charge)
D= (2% 5 (volumech
=R a, (Volumecharge)

2.3 GAUSS’S LAW - MAXEWELL'S EQUATION

Gauss'’s law states that the total electric
flux v through any closed surface is equal
to the total charge enclosed by that surface.

LI] = QBI’IC
Y= <_[>d\11 =<ﬁ D.dS
S

= Total chargeenclosed Q = I p,dv
Q= 4}5.@ =_[ p,dv
S \Y;
@PB.d_S = IV.D dv
S Vv

p, = V.D; p,=volume charge density
Gauss’s law provides an easy means of

finding  or for symmetrical charge
distributions such as a point charge, an

infinite line charge, an infinite cylindrical
surface charge, and a spherical distribution
of charge. A continues charge distribution.

2.3.1 APPLICATIONS OF GAUSS’S LAW
(Find out electric flux density)

A. Point Charge
Q=¢$Dds=D,§dS=D,4nr’
Q2 3
Anr
B. Infinite Line Charge
pl=Q=¢DdS=D,ds =D, 2mpl

D=

D=Fra
2np °

C. Infinite Sheet of Charge

pSIdS=Q=q5D.dS=DZ|:JdS+ | dS]

S top bottom

pA=D,(A+A)

Ol

~Psg
2

D .
D_ps,

z

m

g 28,

D. Uniformly Charged Sphere
2w o«
Que =[pudv=p, [ [ [ r*sinodrdode
Vv

©=00=0r=0
4 3
=p, =7l
P
2n 7w
¥ =¢DdS=D,$ds=D, [ [ r*sin0dode
9=00=0
4nr®

D, 4nr’ = [

D:vaar0<rga
3
2n m o a
Qem:jpvdv:pvj j jrzsinedrded(p
9=00=0r=0
=p, —ma’
pv3

¥ =$DdS=D, 4’
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—p,a, O<r<a
= |3
D=
a’ .
?pvar r=a
2.4 ELECTRIC POTENTIAL

Potential of a point in electrical field is a
work done to carry a unit change from
infinite to that point.

dW = —F.dl = -QE.dI
W:—QJEE
W f=—
\QB:zS:—IEm
=2 ;
4re r
B Q
Vg =—| ——2,dra,
o Amng,r’

_ Q1 1
_47[80 My

V - V V Vflnal
__Q
4rg,r
The potential at any point is the potential
difference between that point and a chosen

point at which the potential is zero. (r = oo)

V.

initial

- 4n80|r—r'|

=3 3

47'[80 kl|r k|

(point charges)

1 L( )d| .
V(r)= linech
(r) pr B (linecharge)
1 ¢ps(r)ds

= facech
dmey) -] (surfacecharge)

1 ¢p,(r)av’

v(r)= Argy g |r—r]

(volumecharge)

2.4.1 RELATIONSHIP BETWEEN E AND V
AND MAXWELL’S EQUATION

Ven =—Vag
i.e. VBa+Vap= SBEE=
$Edi -
@Ea j(VxE)d =0
VxE=0
dV =-Edl=-E,dx—-E dy-E,dz
dV—ﬂd N —dy+ 8V
oy oz

g --Neg-Ng N

X oy’ 0z
E=-VV

2.5 ELECTIC DIPOLE

An electrical dipole is formed when a small
distance separates two point charges of
equal magnitude but opposite sign.

V= Q 1 1/ Q |rn
dre, |1, T, 4me, | 1l

Cor>randr,>r =rr, ~r’)

-0
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dipole moment may be written as

. pa,
dre, 12
E:_vvz{ﬁariﬂae}
or r oo
_ Qd c0336 5 4 Qd S|n39 3,
2me,l 4ng,r
E=—P _(2cos04, +sin04, )

4me,r

An electric flux line is an imaginary path
or line drawn in such a way that its
direction at any point is the direction of the
electric field at that point.

2.6 ENERGY DENSITY IN ELECTROSTATIC
FIELDS

Work done to carry charges Q1, Q2 and Q3 in
a free space

W = Wi+ W2 + W3

=0+ Q2V21+ Q3 (Vs1+V32)

If the charges were positional in reverse

order,
We=Ws3+ W2+ Wy

=0+ Q2V23+ Q1 (Viz + V13)
2WE = Q1(V12+V13)+Q2(V21+V23)+Q3 (V31+V32)
=Q1V1i+Q2V2+Q3V3

WE = % (Q1V1+Q2V2+Q3Vs)
1 .
W = EszVk (in joules)
k=1
1 :
W = EJPLVdI (linecharge)
W, :%JpSVdS (surface charge)
1
W, :Ejpvdv (volume charge)
1
W == i (V.D)V.dv

from Maxwell’s eq.
V.VA=A.VV+V(V.A) by vector

identities

(VA)V=VVA-AVV

W, =%£(V.VD)dv—%\J;(D.VV)dV
W, :%?/S(VD).dS—%i(D.VV)dV
1

W, =

_EI(D.VV)dV:%i(D.E)dv

\Y
W, =%jD.Edv=%jgoE2 dv

The current density at a given point is the
current through a unit normal area at that

point.
=-e
mu =
—=—¢E
T
et —
u=—-—E
m
py =-Ne
Thus the conduction current density is
2
- ne t =
=pvua = E=cE
m

2.6.1 CONDUCTORS

A perfect conductor cannot contain an
electrostatic filed within it.

=0, pv=0,

Vab = 0 inside a conductor

J.pvdvE.u = j E.p,udv Rate of change of
energy
P= [EJdv

Which is known as Joule’s law. The power
density Wp (in watts/m3) is given by the
integrand in eq. That is,
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Electrostatics

Wp—d—P=E.3=c|E

= (.- J=cE)

|2
2.7 CONTINUITY EQUATION

» =¢3£=%

¢Ed3=jv&w
S \%

_in":_i d —_ %d
dt dtlpv Y l&t Y
IVJdv=—jadev
\Y \Y a
jo_9Pv
ot

Current continuity Eq.

2.8 BOUNDRAY CONDITIONS

e Dielectric (er1) and dielectric (er2)
e Conductor and dielectric
e Conductor and free space

$EdI=0
4}5.@ =Q,,. (Gauss Law)
E=E +E,

0=E,AW-E,, A—zh— E,, Ah E,.Aw
+E,, A—h+ E. A—h
2 2

E1t=Eat

D D

—A = Elt = E2t =42

1 &

Dy Do )

& €,

AQ =p,AS=D,,AS-D,,AS D,, -D,, =p;
ifps =0 D,=D,, .. (2)
tand, &,

tan0, ¢,

2.9 POISSON’S & LAPLACE’S EQUATIONS

s D,
Poisson’s and Laplace’s equations are
easily derived from Gauss’s law (for a
linear material medium)
V.D=V.eE=py
where E=-VV
V.(eVV)=pv
V2V =- Pv

€
electrostatics)

for homogeneous and linear medium.
V2V =0 Which is known as Laplace’s
equation.

(Poisson’s Equation in

2.10 CAPACITANCES

A. Parallel- Plate Capacitor
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C. Spherical Capacitor
dielectric

dielectric ¢ Plate areaS

2 0

— e Adc _ 2
Cs :%; S=area of cross section Q= SCJS E.dS = 2E, 4ar
pS, . E= Q ~a,
E=—(-a,)Electric filed between 4mer
€ 1 a
plates V=—I E.dl =—I[ Q > é\r}drar
Q. 5 b Amer
=——a,V
s -efi ]
l q 4nela b
:jEdI_—j[—gax}dan:Q—d 4
2 0 SS € C :gz e
c_Q_sS via
v d a b
W, ==CV?*==QV == R=—=—"——
! ;=% I $oE.ds
Q’ £Q*Sd =Ta
W, == = e E.dS
£ 27 ¢ 2¢°S? c-2. 95__
, , v [Ed
Q(dy) _Q 1
2\eS) 2C 2 RC == =Relaxation Time
B. Coaxial Capacitor ©

2.11 METHOD OF IMAGES

o N QO

Perfectly conducting plane V=10

(a)
Qe & O B

Equipotentinal surface V=0

b

Q 2meL ®)
C=v: b The image theory states that a given
1ng charge configuration above an infinite

grounded perfect conducting plane may be
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replaced by the charge configuration itself,
its image, and equipotential surface in
place of the conducting plane.

A. A Point Charge Above Grounded

Conducting Plane
zA

E = E+ +E7
er + _Qrz

Are,lr}  dme,rs

Q | xa, +ya, +(z-h)a, xa +ya +(z+h)a,
B 312

4ne, [X2+y2+(z_h)2}3/2 [x2+y2+(2+h)1 |
V=V +V

E:

_Q 1 ~ 1
Are, [X2+y2+(z—h)2}”2 [x2+y2+(2+h)11’2

pS = Dn = SOEn |z:0
27r[x2 +y° 4+ hZTIZ
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3.1 INTRODUCTION

Magnetostatics is the study of magnetic fieldsin systems where the currents are
steady (not changing with time). It is the magnetic analogue of electrostatics, where
the charges are stationary. The magnetization need not be static; the equations of
magnetostatics can be used to predict fast magnetic switching events that occur on

time scales of nanoseconds or less.

Term Electric Magnetic
_ Q1Q2 A ) = M |a><é .
Basic law F= e a, (Coulomb’s | 4B = 0475R2 R (Biot-
Law) Savart’s Law)
4) D.dS=Q,,. (Gauss (I) H.dl =1, (Ampere’s
Law) Law)
Force law F=QFE F=QuxB
Source element dQ Qu=1dl
Field intensity E=¥(V/m) Hz%(A/m)
Flux density D:E(C/mz) B:E(Wb/mz)
S S
Relationship between fields | D=¢ E B=pH
E=-VV H=-VVn (] =0)
Potential
otentials v p.dl A:J-uldl
4rer 4R
¥ = [D.ds ¥ =[B.dS
Flux Y=Q=CV \P:udl
1—cdv v=Ls
dt dt
Energy density W, ZEBE W, :lgﬁ
2 2
Poisson’s equation N V2A = -l
€
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Letting z = p cot o, dz = - p cosec? a da,

3.2 BIOT - SAVATRT’S LAW and eq. Becomes
7'\
di 7]
R
o P AL

dH (in ward)

Biot - Savart’s law states that the

magnetic filed intensity dH produced at a o H (into the page)
point P, as shown in Figure by the — p? cosec’o.dat
differential current element I d/ H= _4_ _[ 0
; n? p’cosec’a
Idlsina
dHOC—2 I
R ) =———-a Jsmada
dH = kldlsina 4rp ° 5
R? o |

dHZIdISin“ _4np(cos o, —Cosay )a,

4_7TR2 o General eq.
d_HZIdlxazR:Idl X? ﬁ:Léd)

47R 47R 2mp
Current elements due to a infinite length conductor
Idl=KdS=]dv a,=4axa,
— rldIxa ,
H :J' . il (linecurrent) _

" 4nR 2) Due to aring current conductor

Fo [KOSxE, i = JIxR
H= l TARE (surface current) nR®
_ Jdvxa, wheria dl =Apd(pa(p,R =(0,0,h)—(x,y,0)
H= \J; IR (volume current) — —pa, +ha, and

3.3 MAGNETIC FILED INTENSITY

1) Due to current carrying conductor
dH - Idlx Ij
47R
Butdl=dza,andR = pd —z4,,50
dIxR =pdz a,
H J‘ |de a

}3/2 ¢
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ST I A A
dH=————(phdea, +p°dea,
4n[p2+h2]3/2( " )
=dH & +dH 4,
27 2 A
= A Ip°dea,
H :J-dHZ az = Iﬁ
0 47T[p +h ]
_ 1p*2na,
o+ ]

= Ip’a

H= zp CEeTE

2[p”+h7]

3) Along the axis of solenoid
X

A

v

ﬁ:%(cosez—cosel)élZ
Idla? la’ndz
dHZ = =
L) s A

where dL =ndz = (N/I) dz.tan 0 =a /z;
that s,
dz =— acosec’qdq
2 2 3/2
[+’ "
-~ "~ J sinode

dH, = —n—lsin 0do

H= n?I(cos 6, -c0s0,)a,

as required. Substitutingn =N / [ gives
At the center of the solenoid,
/2

COS 92 = W

=—C0s 06,

Inl n
1/2 ~°z

=2[a2+I2/4]

Ifl1>>aorQz=009Q1=800
~ NI,
:nIaZ:TaZ

3.4 AMPERE’S CIRCUIT LAW - MAXEWLL’S

EQUATION

Ampere’s circuit law states that the line
integral of the tangential component of H
around a closed path is the same as the net
current lenc enclosed by the path.

A

Amperian path

V xH=J =Volume current density (A/m2)
Maxwell’s third Eq.

3.4.1 APPLICATIONS OF AMPERE’S LAW

To determine H for some symmetrical
current distribution (as in Gauss’s Law)

A. Infinite Line Current
I:J.Hwé¢.pd(pé¢:H$Ipd(p:H(p.2np
I .

H=—-42
2mp

¢

B. Infinite Sheet of Current
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z

TAmperian path
L

Uniform current density K =ky dy

GH.dI =1, =Kb
— | Hoa, z>0
~|-HA, 2<0

=2H,b

iKé\, z>0
J— 2 y—X
H=1%,

—EKyéx, z<0
ﬁzinén

2

. Infinity Long Coaxial Transmission
Line
L, Amperian path

For region 0 < p <a, we apply Ampere’s
law to path L1, giving

Hdi=1,, = [1dS
L

j=—zéz,@=pd(p dpa,
ma

| , Ip°
=—Tcp = —
na’ a’

Ip?
H,$dl=H, 2mp ="~

2
__lp
2ma’
Forregiona< p <b, we use path Lz as
the Amperian path.

fH.dI =1, =1

Ll

H,2mp=1

o

2mp

For region b < p < (b + t), we use path
Ls, getting

fH.dI=H, . 2md=1,,

2 2
I =1[1-2 L
t°+2bt

2 2
H =1 PP
 2mp| t*+2bt

H,

¢

<j'>H.d|=|—|=o
Ly
£
S
2na :
2|/
2nh 'E """"" h
0 é\ Ibb+t'p
Ip .
, 0<p<a
2na’ ¢ P
| .
_ —a , a<p<h
H= 2np * P
2 pe
| 1P = 15 h<psbat
2np|  t°=2bt| °?
0, p>b+t
. TOROID

It has N turns and carries current I.
Determine H inside and outside the
toroid
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$H.dI =1, —>H.2mp=NI

H =L for (p, —a) < p < (py + )
2np
Ha orax =5 NI NI
PP 27‘Cp0 o

3.5 MAGNETIC FLUX DENSITY - MAXWELL’S
EQUATION

B=popurH

Where po is a constant known as the
permeability of free space. The constant is
in henrys/meter (H/m) and has the value
of

w, =4nx107" H/m
Magnetic flux through a surface S
- [Bds
S

An isolated magnetic charge does not
exist.

§Bu5=o
jSB.dS:jV.de:O
V

V.B=0 fourth Maxwell’s eq.

MAXWELL’S EQUATIONS FOR STATIC EM
FILEDS

VxH=1] §H.d| =IJ.dS Ampere’s law
L s

Differential Integral Form Remarks
(or point)
Form
V.D=p, §D ds :J‘ dy | Gauss’slaw
S v
vV.B=0 §B dS=0 Nonexistence
' of magnetic
S monopole
VxE=0 i;E dl =0 Conservations
R of
L Electrostatic
filed

MAGNETIC SCLAR & VECTOR POTENTIALS
E =- V'V, Similarly magnetic scalar potential
Vm related to H

H=-vv, if]=0
J=VxH=Vx(-VV,)=0

viv, =0, if J=0)

Magnetic vector potential A related as
B=VxA

V=] Q

"\ Adme r

Similarly A = J. P;Ldl for line current
T
L

Closed seface, T'=0

u,Kds
_I ZnR

for surface current
u,Jdv

v 4nR

for volume current
From Stokes’s Theorem

v=[BdS=[(VxA) &= fAd

Y= iﬁA.dl flux through a given area

3.6 FORCE DUE TO MAGNETIC FILED

A. Force on a Charged Particle
F=Q (E + (U x E)) Lorentz force for

magnetic fields and electric fields
B. Force on a Current Element

F= gS IdIxB
C. Force between Two Current Elements

Fe H0|l|2§5§5 (dl xag )
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3.7 MAGNETIC TORQUE AND MOMENT

B, .
i
B: 4B,

ﬁl}:: @

The torque T (or mechanical moment of
force) on the loop is the vector product of
the force F and the moment armr.

T=rxF

T=|Fo|wsina

T=Bl/wsina

m=1S an.

The magnetic dipole moment is the
product of current and area of the loop; its
direction is normal to the loop.

T=mxB
A MAGNETIC DIPOLE

wol ¢ dl
A==

4Tt<js r
A= “Om Xzar

4mr

= M A oa
B =10 ~(2c0s 64, +sin6a,)

3.8 MAGNETIC BOUNDRAY CONDITIONS

$B.dS=0

$HdI=1

B,,AS— B, AS = 0 for cylindrical close
surface on boundary

B, =B, or wHy, =p,H,,
first Boundary conditions

Ah Ah

K.Aw = Hn.AW+H1n.7+ HZn.7—H2t.

AW — H2n'A_h_ Hln'A_h

2 2
Hy—H, =K
Second Boundary conditions
Bu _Ba

Ky My
(Hl - Hz)xamz =K

=K

By B
ifk=0H, =H, or —=—2=
Hy o Mo

B,cos6, =B,, =B,, =B, cos0,

B, . B, .
—+sin®, =H,, =H,, =—%sin0,
My Ho
tand, u,

— Law of refraction for magnetic
tan6, u,

flux lines at a boundary with no surface
current

3.9 INDUCTOR AND INDUCTANCES

L=N¥Y flux linkage A
Aol or A=LI
L= % = NT\P inductance of circuit.
W, = 1 LI?
2
20
¥, = [B,.ds
S,
flux linkage from S, due to I2
M _h_ Nl\P12
12 — -
IZ |2
mutual inductance
M _ﬁ_ N,'¥s
21 — -
Il Il
M1z = M21
Lt N
: Il Il
L te N,
, = =
I, I,

Total magnetic energy in magnetic filed
W, =W, +W, +W,
:%gﬁ+%g@immu2

Relationship bet parameters

RC= 2 and Lext C = pe
c

3.10 MAGNETIC ENERGY
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Sibilantly to the energy in an electrostatic
filed.
1

W, = %J.B.Edv :EJ.S E*dv

1

conducting
sheets

wm=1|_|2
2

Consider a differential volume in a
magnetic field as shown in Figure. Let the
volume be covered with conducting sheets
at the top and bottom surface with current

AL
AL = AY _ uH AX Az
Al Al
where Al = H Ay. Substituting eq. into eq.
we have

AW =%ALAI2 :%HHZ AX Ay Az

AW =%MH2AV

The magnetostatic energy density wm (in ]
/m3) is defined as

w, = lim AWy _1 42
A0 AV 2
2
wo=tunrolpg g8
2 2 21

Thus the energy in a magnetostatic field in
a linear medium is
W, = Iwm dv

Wm:%IB.HdV:%IuHZdV
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GATE QUESTIONS

Q.1

Q.2

Q.3

Q.4

Q.5

The electric field on the surface of a
perfect conductor is 2 V/m. The
conductor is immersed in water

with €=80¢,. The surface charge
density on the conductor is
a) 0C/m?
b)2C/m?
c) 1.8x10-" C/m?
d) 1.41x10°C/m?
(e=10°)/(36m)F/m)
[GATE - 2002]

if the electric field intensity is given
by E=(xu, +yu, +zu,)volt/m the
potential difference between X (2, 0,
0)andY (1,2, 3)is
a) +1volt
c) + 5volt

b) - 1 volt
d) + 6 volt
[GATE - 2003]

The unit VxH is

a) Ampere b) Ampere/meter

c) Ampere/meter? d) Ampere-meter
[GATE - 2003]

A parallel plate air - filled capacitor
has plate area of 10 m*and plate
separation of 10 m .It is connected
to a 0.5 V, 3.6 GHz source. The

magnitude of the displacement
current is

(e, =1/36nx10°F /m)

a) 10 mA b) 100 mA
c)10A d) 1.59 mA

[GATE - 2004]

If C is a closed curve enclosing a
surface S, then the magnetic field

intensity H, the current density J

and the electric flux density D are
related by

Q.6

Q.7

[GATE - 2007]

For static electric and magnetic
fields in an inhomogeneous source-
free medium, which of the following
represents the correct form of two
of Maxwell’s equations?

a) VE=0
b) VE=0 VxB=0 V.B=0
c) VxE=0

d) VxE=0 VxB=0 V.B=0
[GATE - 2008]

A magnetic field in air is measured

to be §:BO(

X . y .
y— X
X2+y2~ X2+4Yy2
what current distribution leads to
this field?
[Hint : the algebra is trivial in
cylindrical coordinates.]

a)i=_BOZ( 21 2J,r;zto
Ho \X"+Y

b) }=_BOZ( 22 2],”&0
Ho \X"+Y

c) ]:O,r;to

d) ]:BOZ[ 21 Zj,r;to
Ho \ X +Y

[GATE - 2009]
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Q.8

Q.9

Q.10

If a vector field V is related to
another vector field A through

V=VxA which of the following is
true? Note: C and S.refer to any

closed contour and any surface
whose boundary is C.

2) $Vdi= [JAdS
(3 SC

b) fﬂ.d_iszv.@
C SC

c) foV.&iszVxA.Eé
C SC

d) fo,&.d_i:ff\_)/xE
C SC
[GATE - 2009]

Two infinitely long wires carrying
current are as shown in the figure
below. One wire is in the y-z plane
and parallel to the y-axis. The other
wire is in the x-y plane and parallel
to the x-axis. Which components of
the resulting magnetic field are non-
zero at the origin?

a) x, y, Z components
b) X, y components
c) y, Z components
d) x, z components
[GATE - 2009]
surface S

Consider a closed

surrounding a volume V. If r is the
position vector of a points inside S,
with A the unit normal on S, the

value of the integral Cﬂ>5|’-ﬁ dS S

a)3Vv
c)10V

b)5V
d)15V
[GATE - 2011]

Q.11

The electric and magnetic fields for
a TEM wave of frequency 14 GHz in
a homogeneous medium of relative
permittivity ¢ and relative

r

permeability p. =1 are given by
E=E ™ V/m
p z

H =32 A/m

Assuming the speed of light in free
space to be 3x10® m/s, intrinsic
impedance of free space to be 120,
the relative permittivity ¢ of the
field

medium and the electric

amplitude Ep are
a) g =3, E =1201
b) & =3, E,=360n
c) g =9, E, =36071
d) e =9, E,=120%
[GATE - 2011]

Statement for linked answer questions
12 and 13

Q.12

Q.13

An infinitely long uniform solid wire
of radius a carries a uniform dc

current of density j.

The magnetic field at a distance r
from the centre of the wire is
proportional to
a)rforr<aand1/r2forr>a
b)Oforr<aand1/rforr>a
c)rforr<aand1/rforr>a
d)Oforr<aand1/r2forr>a
[GATE - 2012]

A hole of radius b(b<a) is now

drilled along the length of the wire

at a distance d from the centre of the

wire as shown below.

a) uniform and depends only on

b) uniform and depends only on b

c) uniform and depends on both b
and d

d) non uniform
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[GATE - 2012]

Q.14 The direction of vector A is radially

Q.15

Q.16

outward from the origin, with
|A|=kr" where r* =x’+y’+z°and k
is a constant. The value of n for
which V.A=0is
a)-2

c)1

b) 2
d) 0
[GATE - 2012]

The force on a point charge +q kept
at a distance d from the surface of
an infinite grounded metal plate in a
medium of permittivity € is

a)o

q2
b way from the plate
) Tomea® Y P

q2
c towards the plate
) Toned® P

qZ
d towards the plate
) Amed? P

[GATE - 2014-1]

A region shown below contains a
perfect conducting half-space and

air. The surface current K, on the
surface of the perfect conductor is
RS=X2amperes per meter. The

I
tangential H field in the air just
above the perfect conductor is
i

Ks Air

.
_

Q.17

Q.18

Q.19

a) (;( + 2)2 amperes per meter

b) X2 amperes per meter
c) —z2 amperes per meter

d) 22 amperes per meter
[GATE - 2014-3]

The electric field (assumed to be
one-dimensional) between two
points A and B is shown. Let ¥, and
¥, be the electrostatic potentials at

A and B, respectively. The value of
¥,. - ¥, in Volts is ----------

A0V F cm
20KV S cm) c

DY /e
.

et B
[GATE - 2014-4]

If E=-(2y°-3yz’)x —(6xy® —3xz%)
§/+(6xyz)2 is the electric field in a
source free

expression for
potential is

a) xy’ —yz*
c) y* —xyz?

region, a valid
the electrostatic

b) 2xy® —xyz*
d) 2xy® —3xyz?
[GATE - 2014-4]

Consider a straight, infinitely long,
current carrying conductor lying on
the z-axis. Which one of the
following plots (in linear scale)
qualitatively represents the
dependence of H¢ onr, where H¢ is

the magnitude of the azimuthal
component of magnetic field outside
the conductor and r is the radial
distance from the conductor?

a) b)
g [ B \
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Q.20

Q.21

Q.22

Q.23

[GATE - 2015-1]

—

A vector P is given by
D—v3vz 2,24 2\ ,55 .
P=x"ya, —x“y“a, —X"yza,. Which
one of the following statements is
TRUE?

a)l3 is solenoidal, but not
irrotational

b) P s irrotational, but not
solenoidal,

c) P is neither solenoidal nor
irrotational

d) P is both solenoidal and
irrotational

[GATE - 2015-1]

In a source free region in vacuum, if
the electrostatic potential ¢ = 2x°
+y®+cz®, the value of constant c

must be
[GATE - 2015-2]

A vector field D=2p’a_ +za, exists
inside a cylindrical region enclosed
by the surfaces p=1, z=0 and z = 5.

Let S be the surface bounding this
cylindrical region. The surface

integral of this field on S (Cﬂ) D.dSJ

is

[GATE - 2015-3]

Concentric spherical shells of radii 2
m, 4 m, and 8 m carry uniform

surface charge densities of 20
nC/m?, -4nC/m? and Ps,
respectively. The value of ps

(nC/m?) required to ensure that the

electric flux density D=0 atradius
10mis

Q.24

Q.25

Q.26

[GATE - 2016-1]

The current density in a medium is
given by
3 400sin6 3 Am2

2n(r* +4) '
The total current and the average
current density flowing through the

portion of a spherical surface r = 0.8
m, 136 SE,O < <2 are given,
12 4

respectively, by
a) 15.09 A, 12.86 Am™
b) 18.73 A, 13.65 Am2
c) 12.86 A, 9.23 Am™2
d) 10.28 A, 7.56 Am-2
[GATE - 2016-1]

A uniform and constant magnetic
field B = Z B exists in the direction
in vacuum. A particle of mass m with
a small charge q is introduced into
this region with an initial velocity
V=XV, +2v,.. Given that B, m, q, v,

and v, are all non-zero, which one

of the following describes the

eventual trajectory of the particle?

a) Helical motion in the Z direction.

b) Circular motion in the xy plane.

c) Linear motion in theZ direction.

d) Linear motion in the X direction
[GATE - 2016-2]

The parallel-plate capacitor shown
in the figure has movable plate. The
capacitor is charged so that the
energy stored in it is E when the
plate separation is d. The capacitor
is then isolated electrically and the
plates are moved such that the plate
separation becomes 2d.
1 d I

-
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Q.27

Q.28

At this new plate separation, what is
the energy stored in the capacitor,
neglecting fringing effects?
a) 2E b) V2E
c)E d)E/2

[GATE - 2016-2]

Faraday's law of electromagnetic
induction is mathematically
described by which one of the
following equations?

a) V.B=0 b) V.5=pv

—

oD

) VxE = d)VijI:GE+E

2|

[GATE - 2016-3]

Consider the charge profile shown
in the figure. The resultant potential
distribution is best described by

pix)

Q.29

Q.30

Vix)

d)

[GATE - 2016-3]

Two conducting spheres S1 and S2
of radii a and b (b>a) respectively,
are placed far apart and connected
by a long, thin conducting wire, as
shown in the figure.

S2
S1
Wire @
Radius a
Radius b

For some charge placed on this
structure, the potential and surface
electric field on S1 are Va and Ea,
and that on S2 are Vb and Eb,
respectively, which of the following
is CORRECT?

a)Va=Vpand Ea <Ep
b) Va>Vb and Ea > Ep
c) Va=Vpand Ea > Ep
d) Va > Vp and Ea = Ep

[Gate-2017, Set-2]

An electron (qi) is moving in free
space with velocity 10> m/s towards
a stationary electron (qz) far away.

© Copyright Reserved by Gateflix.in No part of this material should be copied or reproduced without permission



GAIRIX

The closest distance that this
moving electron gets to the
stationary electron before the .
repulsive force diverts its path is o \\t
x10-8m.
[Given, mass of electron m =
9.11x1031 kg, charge of electron e = - —
1.6 x 1019C, and permittivity

g, =(1/36m)X10°F/m]

=l

\

R

=
T

\‘\

-—
-—

™|

[Gate-2017, Set-2]

Q31 If the vector function

F=4,(3y- kiz)+&,(kx—22)-&,(k,y+2)
is irrotational, then the values of the
constants k1, k2 and k3 respectively,

are

0.3,-2.5,0.5 =2 = 3 = 3
a) (A) V.X =0, VxY #0, VxZ =0
b) 0.0, 3.0, 2.0
503,033, 05 (B) V.X # 0, VxY =0, VxZ # 0
d) 4.0,3.0, 2.0 (C) V.X %0, VxY 0, VxZ # 0

[Gate-2017, Set-2] S N I
(D) V.X =0, VxY =0, VxZ =0
Q.32 The figures show diagrammatic

representations of vector fields [Gate-2017(EE), Set-2]

)?, ?and Z respectively of Which Q.33 Consider an electron, a neutron and
a proton initially at rest and placed
along a straight line such that the
neutron is exactly at the center of

one of the following choices is true?

* the line joining the electron and
proton. At t = 0, the particles are
/ released but are constrained to
move along the same straight ling.
, ; Which of these will collide first?
a) The particles will never collide

b) All will collide together
c) Proton and neutron

d) Electron and neutron
[Gate-2017(EE), Set-1]
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Q.34 Consider a solid sphere of radius 5

Q.35

Q.36

cm made of a perfect electric
conductor. If one million electrons
are added to this sphere, these
electrons will be distributed.

a) Uniformly over the entire volume

of the sphere

b) Uniformly over the outer surface

of the sphere

c) Concentrated around the center

of the sphere

d) Along a straight line passing

through the center of the sphere.
[Gate-2017(EE), Set-2]

A thin soap bubble of radius R = 1
cm, and thickness a = 3.3 pm (a <<
R). is at a potential of 1 V with
respect to a reference point at
infinity. The bubble bursts and
becomes a single spherical drop of
soap (assuming all the soap is
contained in the drop) of radius r.
The volume of the soap in the thin

bubble is 4nR?a and that of the

drop is —%nrg. The potential hi

volts, of the resulting single
spherical drop with respect to the
same reference point at infinity is
____. (Given the answer up to two
decimal places)

N

S

Soap drop
af radius '

Soup Rubble

[Gate-2017(EE), Set-2]

A solid iron cylinder is paced in a
region containing a  uniform
magnetic field such that the cylinder
ax’s is parallel to the magnetic field

Q.37

Q.38

Q.39

direction, the magnetic field lines
inside the cylinder will

a) Bend closer to the cylinder axis

b) Bend farther away from the axis

c) remain uniform as before

d) Cease to exist inside the cylinder
[Gate-2017(EE), Set-1]

The magnitude of magnetic flux
density (B) in micro Teslas (uT). At
the centerof a loop of were
wound as aregular hexagon of side
length 1 m carrying a Current
(I =1 A) and placed in vacumm as
shown in the figure ____ (Give the
answer up to two decimal places.)

i

[Gate-2017(EE), Set-1]

A positive charge of 1nC is placed at
(0, 0, 0.2) where all dimensions are
in meters. Consider the x-y plane to
be a conducting ground plane. Take

&, =8.85x 10" F/m. The Z

component of the E field at (0, O,
0.1) is closest to

a) 899.18 V/m
b) -899.18 V/m
) 999.09 V/m
d) -999.09 V/m
[Gate-2018(EE)]

The capacitance of an air-filled
parallel-plate capacitor is 60 pF.
When a dielectric slab whose
thickness is half the
between the plates, is placed on one
of the plates covering it entirely, the
capacitance becomes 86 pF.
Neglecting the fringing effects, the

distance
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relative permittivity of the dielectric is
(up to 2 decimal places).

[Gate-2018(EE)]

ANSWER KEY:

1 2 3 | 4|56 | 7 | 8|9 10|11 1213 14
D] @ @ ]@|@ ]| () | (b)](]|(](](C]({©]@)
15| 16 |17 |18 | 19 | 20 | 21 |22 | 23 | 24 | 25 | 26 | 27 | 28
Q| @ | * | @d]( @] * T @@ [@ (@] ([
29 | 30 |31 32|33 34| 35 [36| 37 | 38| 39

© S'fg_fx M| © | ® | b 1003 @ |069] (@ |253
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EXPLANATIONS

Q1 (d) Convert to cylindrical coordinates
D=p,=eE=80..2 and put
— 80x2x8.854x10 c/m’ x=reose
y=rsing
Q2 (o) a, =singa, +cos¢a,
V= —_[ Edl Putting the values
r r B =B,4,

2 0 0 r
- —Dxdxux +J' ydyuy +J' ZdZUz:|
1 2 3

— B, .
H :—°a¢ = constant

X 2|2 yz 0 520 Ko
Ty 1+72+?3 J = VXH = VX [constant]=0
_ i v 203 Q8 (b)
2 This represents stoke’s theorem
:_ix_10:5\/ CﬁKdt=_”(VxK)£=.HVE
2 c s s
Q3 (d) Q9 (d)
—~ oD -
VXH=——+1 Q.10 (d)
at A — .
] is current density = A/m? Cﬁ>5r-”ds = ” V.5rdv (using
S \%
Q.4 (a) dlvergeﬂce theorem)
Displacement current SHJ‘V.rdV =5x3=15volt
\Y
l, = AJ,
AP Ak Q11 (d)
ot ot Given
14|=|A e wE| E=Ee“*,v/m
H =36l ) A /m
=Awe— X
From given expression we conclude
After putting values we get that
la= 10 mA ,B=2807r=277r
5 d
¢ () A :i meter
140
Q6 (@ v="F2
Q7 (9 ~14x10° xﬁm /sec
B=B,|——a,-—Y 4 .
X2+Yy2 X2+Yy2 v=1x10"m/sec
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Q.12

Q.13

Q.14

but, v= ¢
VE Ky
8
1><108=3X10
JIx €,
r=8
E:n: E: MOX1
H; € € %9
_1m
3\ g
E
= —2 =Zx120mn
3
E, =120z
()

We know that magnetic flux density
at a distance r from the wire is

|B|: IUOI
2y
For r<a— | =J.zr?
|B|oc r forr < a (inside the wire)
forr>a,l =Jxza®
Jra’
SO, |B| :&
2xr

|B| oc= 1 for r > a. (outside the wire)
r

(c)
It is uniform and depends on both b
and d.

(a)

Al =kr"

A=kr"a_(since it is radially
outward)

V.A in spherical coordinate is

- 1 a 2
V.A=——(rAr)+

r’ ar( )

_l i(Aesine)jt : QAQ
rsin@ or rsin or
V.K:izg(rzkr”)+0+0

reor

Q.15

Q.16

~_KO(m
VA:r_Za(r 2)

So V.A will be zero if ai(r”*z) will
r

be zero, and %(r“z) will be zero if

n+2
r will be constant and this is

possibleifn+2=O:>n=—2

(Y
*'-I
J__ LT} metal plaie
:'-I
_1QQ,
4me R’
19 ¢

F= 4 2 2
e (2d) 167ed

Since the charges are opposite
polarity the force between them is
attractive.

(D)

Given medium (1) is
conductor

Medium (2) is air

~H1=0

From boundary conditions
(H1 -Hz2)xan=Ks

perfect

H, =0 )
K, =2a,

a, =a,

—Hzxay=24,

—(Hxax +Hyay + Hzaz)xay = 2ax
—Hzxaz + Hzax = 2ax

~Hz=2

H=2a,

Q.17 (-15)

A
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(OkV/cm, 20kV/cm) E=-Vo=-4xa, —2ya, —2cza,

B VE=0
(5x107*kV /cm,40kV / cm) -4-2-2¢=0
E-20=20"20(y )= E = 4x10°x +20 C=-3
5x10

B 5x10~4em Q.22 (78.53)

Vg =— |Edl=- 4x10*x +20)dx _on22 A

AB AJ. ’([ ( ) D=2p"a +za,
2 Ba0 D.ds={(V.D)dv

=—{4><104X7+20xj _ 4P, i( )

0 10 16D, oD,
~(2x10* x 25x10°° + 20x5x10™*) VD= PRI,
=—(50x107* +100x10™*) =

( . ) =13(p2p2)+0+1
—-150x107KV V,z Vag = -15V p Op
1
==2(3)p” +1
Q.18 (d) 0 @)p
Given =6p+1
E=-(2y’-3yz°)a, - 1 2n s
(6xy” ~3x2)a, + 6xyz4, i (V.D)dv = IOJ 0 jo(ep +1)pdpd@dz
By verification option (D) satisfy 68 o2 pl
E=-VV p- . P
=22 P 2nE
[ 375 jo( )(5)
Q.19 (¢ 1
| =| 2+= [10[(V.D)dv=78.53
Hy == 2)7
2nr
r is the distance from current
element. Q.23 (-0.25)

Q.20

Q.21

I
H.oo—
* oy

(a)

P=x%a, —x’y’a, —x’yza,
VP =3x%y-2x*y—x*y =0
It is silenoidal

A A

a, a, a,
vxp=|2 22

OX oy 0z

X}y —x’y* —x’yz

=4, (-x’y) - a,(-2xyz) +4, (=2xy% —=x%) 20
So, P is solenoidal but not
irrotational.

(-3)

2x% +y? +cz?

Q.24
Q.25

Q.26

Consider a Gaussian surface a
sphere of radius 10m

To ensure D=0 at radius 10m, the
total charge enclosed by Gaussian
surface is zero

Qenc =0

= 20%x2° —4x4” + P, x8

=0= P, =-0.25nc/ m’

(a)

(a)

Force due to B on q is
F=q(VxB)=q[V,V:1(-)
—=Helical motion in z-direction.

(a)
If capacitor is electrically isolated
then charge is same
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Q.27

Q.28

Q.29

We know C,d, =C,d, && - &
Vl V2

If ‘d’is doubled then C will be C/2

and V will be 2V

Given E = ~CV? = = e
2 2 2
x(2V)? = 2><%cv2 =2E
()
(d)
- -9 __19
Electrical £,=-—N,X, =——=N X,
€ €
X2
Potential y(x)=g,|| x—
O
P(x) ,
A
PI
b
a
_PI
ni

()

Two spheres are joined with a
conducting wire, the voltage on
two spheres is same.

a = Vb The capacitance of sphere o

radius
G _a
C, b

We know Q = CV

Q. _C. _a
Q G, b
1 a
E 4re, a°
£ 156 o
4me, b’
E,>E,

Q.30 5.058 (4.55-5.55)

Work done due to field and external
agent must be zero

qVv VIV
2

-19
_16x10x 00 1 (105 )2

4re,y
Y= 5.058x10°m

Q.31 (b)
curl F=0
i j k

3y-kiz k,x2z -ky-z
i(k,+2)-j(0+k,)+k(k,~3)=0
k,=0,k, =3k, =2

Q.32 (c)

5
X isradial and irrational and hence

V.X # 0 Whiley is rotational and its curl is

non

Zero \_/x? =0

The field z is also rotational and hence

VxZ#0
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Q.33

Q.34

Q.35

(b)

Given that electron, neutron and
proton are in a straight line

e -
- +

Electron Neutron Proton
The electron will move towards

proton and proton will more

towards electron and force

will be same F:LZZ. But
4ne, R

acceleration of electron will be more
than proton as 4n C

mass of electron < mass of proton.
Since neutron are neutral they will
not move. Thus electron will hit
neutron first.

(b)

Static charge resides only on the
surface of a conductor. Therefore
the electrons will be uniformly over
the entire surface of the sphere.

10.00-10.50

Charge must be same

4
4nR*)a =| —nr’
(4mR*)a =5,
r = 3vJ3R%
=0.996 x 10°°
The potential of thin bubble is 1 V.

Q.36

Q.37

. Q
dre,x1 x107

Q=4ne,x1x107°C

Potential at soap drop,
Q

e, r

4 e, x 107

" 4me,x 0.9966107

=10.03V

Ans :10.00 to 10.50

V =

(a)

Iron being a ferromagnetic material,
magnetic lines of force bend closer
to cylindrical axis.

0.69 uT

i=1A
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For each segment of hexagon (1, 2, 3, 4, 5, 6) Electric field point P due to point
h -1nC.
= B=&(sin61+sin62) charge-in
4nd
\/§ S - - -
Here, d =-"| Where | =1 1x107|(0-0)ax+(0-0)ay+(0.1-0.2)a;
2 - 1
— — 0 E =
and 91 = 92 =30 2 4TC€0 (0'3)3
= B =2l (6in30° +5in30°) — 99.86 \V//m
4n3 -
2
Arx107 x 6 x 1 Total electric field at point P due to
- /3 both charges.
4t x — N - -
12 2 1.20 ==ETE
=—x10" ===x10°T >
V3 V3 E =898.755-99.86 = —998.61 VV/m
B =0.69 uT
Q.39 2.53
Q.38 (d)
Given : Charge = 1nC at (0,0,0.2) . Given : Capacitance of an air-filled
Since the charge is placed above parallel plate capacitor,
conducting grounded plane there
will be an image charge below the g,A )
grounded conducting plane as per Co = d 60pF (1)
method of image concept Overall capacitance,
C,, =86pF
1 .,cIZo‘o.o.z) incfason
P 1(0,0,0.1) Plate aread Plate aread l
. o i Fotais 4 ol I
plane N P _ I d,.'zI _ aIf:h:ls:cu'lc: (&) —l—(',
Electric field at any point is given by, Fig. 1 Fig. 2
E = 1 = Q_Fs From fig. 2, after filling with
4, ﬁ dielectric it has become series
combination of two capacitances
ﬁ = displacement vector between overall capacitance for series
charge to point of interest. combination is given by,
Electric field at point P due to point
charge +1nC, Ceq _ CC1CC2: _ 86 pF (i)
- - - +
1x10° [(O—O)ax+(0—0)ay+(o.1—o.2)az S
c &A && A
Ei= 3 C, =—2—andC, =
dne, (0.2) d/2 d/2

. From equation (ii),
E: =898.755V/m
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A g6 A
c _di2" di2 _aA (&)
« EA | &8 A d/2 (1+5r)
d/2 d/2

86 =120 %

86(1+¢, ) =120¢,

86 = 34¢,
£ =2.529

Hence, the relative permittivity of
the dielectric is 2.53.
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MAXWELL'S EQUATIONS

4.1 FARADAY’S LAW

Faraday discovered that the induced emf,
Vems (in volts), in any closed circuit is equal
to the time rate of change of the magnetic

flux linkage by the circuit.
|

battry

N.
Vemf __d_k_ d_\P
dt dt

E =Ef+ Ee

§ET=§Edi+0=[E dl (through
L L N

battery)
P P

Vo = [Epdl==[E.dI= IR
N N

4.1.1 TRANSFORMER & MOTIONAL EMFS

Vemf = _d_lP
dt

Vemf =9L5Ea=_%£§£

VxE = Y Faraday’s Law

Modified Maxwell’s equation

Vo = $E Al =§(uxB)dl emf. Of
L L

moving object of L length

Moving Loop in Time -Varying Field

Vsz—@+Vx(ax§)

ot

4.2 DISPLACEMENT CURRENT
Vxﬁ :3

v.(wﬁ) —0=V.J

- 0
where V.J= —% current continuity

equation
V.= Py #0
ot

it means V x H =] is not right equation.

VxH=J+Jq

V.(VXH)=0=VvJ+VJs

v.3; =—V.3:%=3(v.5) _v.2
ot ot ot

Ja :% Displacement current density

Vxﬁ:3+a—D=j+sa—E
ot ot
Modified Maxwell’s equation
Based on the displacement current density,
we define the displacement current as
oD
I, :de.dssz.ds
MAXWELL’S EQUATIONS IN FINAL
FORMS

Differentia | Integral Forms Remarks
1 Forms
D= _— Gauss’s law

vb=p, $D.dS=[p,dv
S \Y,

V.B=0 BdS=0 Nonexistene
q_j of isolated

magnetic
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charge*
- 0B 0 r——— | Faraday’s
VxE=-—— Edl=——|BdS
ot ? &i day

Ampere’s

VXH:j+a—D @ﬁd_:.l‘ j-|-_ dS | circuit law
ot !

4.3 TIME - VARYING POTENTIALS

p,dv
v 4meR

_ rpddv
_I 4nR

pv Jdv
. 4meR
Retarded Electric potential

Azi“?]

Retarded Magnetic potential
B=VxA

VXE = —%(VXK)

W[Eﬂ}o
ot

%
; Magnetic vector potential

E+— oA =-VV

ot
E——VV—a—A
ot

Modified electric filed equation
Electromagnetic wave equation

vE=P_ viv_Zva)
€ ot
0 p
ViV +—(V.A)=—2>~ . 1
+8t( ) . (1)
VxB= ]+@
ot

Maxwell’s equation

VxVxA=pwl+ep— 0 ( VV—%j
ot ot

oV o°A
=ul-peV| — |—pe
pJ—=p (étj K o
VXVXA =V(V.A) - V2A
by vector identity

oV 0*A
VCA-V(V.A)=-pl+pueV| — |[+pue
(V.A)=-pl+p (&) he—
by compare
oV
VA=—pe— ... 2
Me— (2)

Lorentz condition for potentials by (1) and

(2)

2
V2V —ue oV —_Pv
Those are wave equations
o°V _
VZA —pne J
u ot e
t'=¢t- 5
9
1
U=—

4.4 TIME - HARMONIC FIELD

A time - harmonic field is one carries
periodically or sinusoidally with time.
Z=X+]jy=rZop

z=1e/® =1 (cos + j sin @)

r=|z| = {x% + y?

o =tanY
X

Z¥=X-jy=rs£-0 =re ?

P=wt+0

Time varying re/® = rel®el®t

Re (re’®) = r cos(wt + 0)

Im (re/?) =r sin(wt + )

The complex term Ioe/®, which result from
dropping the time factor eit in I(t), is called
the phasor current, denoted by I, that is,

Is = Toei® = 1o 20

Where the subscript s denotes the pharos
form of I(f). Thus I(t) = o cos (wt + 8), the
instantaneous form, can be expressed as
I(t) = Re (Iseivt)

In general, a phasor could be scalar or
vector. If a vector A(x, y, z, t) is a time -
harmonic field, the phasor from of A is As(d,
y, z); the two quantities are related as

A =Re (Asei»t)

For example, if A = Ao cos ( wt - Bx) ay, we
can write A as
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A =Re (Ao elbx ay eiot)

oA 0 . :
—=—Re (Asel®t) =Re (jwAsel®t
o o e (Asei) G )
oA — jwAs ° replaces with jo

ot ot

Act —>i

Jo

Point From Integral Form
V.Bs = Pvs fﬁs d_S = ijSdV
V.§s=0 fgsﬁzo

V. Es = -j(x)Es fEs a = —jO)IES ﬁ
V. ﬁszjs"' fﬁs.a=j(js+j(oﬁs).£
j(l)BS
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UNIFORM PLANE WAVES

5.1 UNIFORM PLANE WAVES

In general, waves are means of
transporting energy or information.

1. Freespace (6=0, e=g;, p=yp,)
2. Lossless dielectrcs
(6=0, e=¢,&), 1=, 0r 6<<WE)
3. Lossy dielectrics
(c#0, e=g,8,, L =W, 1,)
4. Good conductor
(o ~0,e=¢y, =11, 1y, OF 6>>0E)

5.1.1 WAVES IN GENERALMEDIUM

A wave is a function of both space and
time.

2 2

8—5 —u? a_|25 =0

ot 0z
Harmonic time dependence eivt eq.
d’E
dz’
E — Aej(mt—BZ) + Bej((x)I+BZ)

E =Asin(ot—pz)

Imaginary part of eq. should be zero for
real solution

+B’E, =0

u="fa o = 2nf
_0 T-1_2¢
u f o
2m
=— ot —Bz = const
A
dz_o_
dt B

5.1.2 WAVE PROPAGATION IN LOSSY
DIELECTRICS

A linear, isotopic, homogenous, lossy
dielectric medium that is change free (pv =
0)

V.Es=0

V.Hs=0

V xEs = —jmuﬁs

VxHs =(c+ joe)Es

V xV xEs =—jou V x Hs
VxVxA=V(V.A)-V°A

V(V.Es)—VZEs =—jop(c+ j(nu)Es
V’E—y°E{ =0

where

v’ = jop(c+ joe)

and Y is called the propagation constant (in
per meter) of the medium. By a similar

procedure, it can be shown that for the H
field,

Vzﬁs—yzﬁs =0
y=a+jp

a=m H—g{ 1+[i} —l}
2 e

B=w M—Sl 17{1} +1}
2 e

The wave propagation along + a: Electric
filed

E,=E.(2)a,
Electric wave eq. (V2 —v? ) E.(z)=0

Solution of eq.E  (z) =Ee ™ + E e
Wave propagation along az axis (Eo = 0)
wave does not trading along - az.
Real part
E(z,t)=E, e cos(wt—Pz)a,
S
n
where 1 — interstice impedance of medium

n= |22 |y 26, =[ne™
c+ joe
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Jule

c
|n|:ﬁ,tan26n:—
{ ( - ] } oEe

1+ —

e

H = Re| E@ ezl P73
|nejen y

— E A
H =ﬁe°‘Z cos(wt—pz—-6,)a,
n
1INp =20log10e =8.686 dB
Loss tangent (determine how lossy a
medium)

|‘]S| _ |GES| _0©

=— =—=tano
|st| |j(08Es| e
tanf=—

e

— L= jo |=

V xHs =(G+Jm8) Es = Jms[l——} Es
e

Z_](DSCES

complex permittivity of medium
€ o

tanf = —=—
S we

5.1.3 PLANE WAVES
DIELECTRICS

IN LOSSLESS

In a lossless dielectric, o << we. It is a
special case of that in Section expect that
o~0,e=g5E, L= U,

Substituting these into egs. Gives

azo,B:m\/ﬁuzgzL,xzz_’f

N
nz\/ZLOO
€

Also and thus E and H are in time phase
with each other.

5.1.4 PLANE WAVES IN FREE SPACE

c=0,e=¢,,n=p,

0 =0,p=olgg, =
Cc

1,2

VHo€o p

N, = /? =1207 ~377Q
0

E =E,cos(ot—Pz)a,

u=

H=H, cos(ot—pz)a, :Ecos(o)t—ﬁz)ay

0
Direction of wave propagation a
Em wave that has no electric or magnetic
filed components along the direction of
propagation, such a wave is called a
transverse electromagnetic (TEM) wave.
Each of E and H is called uniform plane
wave

5.1.5 PLANE WAVES IN GOOD CONDUCTORS

G~ 00,8 = &g, L = Holl,

UZQZ 2_1 }\‘:2_75
B Vuo p
n= 28 L45°
(e}
E=E,e* cos(ot—pz)a,
Ho_Eo g cos(wt—pz—45° )4,

op
c
Skin depth which an EM wave can

penetrate the medium

Ee“=Ee"
=1
a
1
&=

Jrafuo

for a good conductor

1 \/7 in/4 1+j
_ 1 ettt
i G0 GO
E=Ee™"® cos(cot —%)é

X

The phenomenon whereby filed intensity in
a conductor rapidly decrease is known as
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skin effect. The skin depth is useful depth
in calculating the ac resistance due to skin

effect. The dc resistance

I
Rdc - GS
Skin depth at high freq.
0<<a
The surface a skin resistance Rs (2 /m?)
(the real part of the n a good conductor)

Rszi: mfp

fo10) c
| _RJ
© o oodw  w

d < < aat high frequencies
5.2 THE POYNTING VECTOR

Energy transported from one point to
another point by means of EM waves. The
rate of such energy can be obtained.

VxE=—p—
H

VXH = GE+8£
at J—
E(VxH)=oF +Ee
ot
V.(Kx§)=§.(VxK)—K.(Vx§)
identity

vector

FL(V4E) +v (o) =oF" +E
= (ovEy_nf . oH e
H.(VXE):H(—pEj:—%E(H.H)
OF?
ot

oH —V.(Exﬁ) =cE? +£8
t 2

_K
2

<t—

V.(Exﬁ)de—%jBaEz +%sz:dv—ch2 dv

\ \

cﬁ(Exﬁ).dS:—%j{%sEz +iuH2_c|v-jcsE2 dv
S \Y a

2 \%
\J \ \J
Total power Rateof decreasein ~ Ohmic power
leaving the =energy stored inelectric  dissipated

volume and magnetic fields
Equation is referred to as Poynting’s
theorem. The various terms in the equation
are identified using energy - conservation
arguments for EM fields. The quantity E x H
is known as the Poynting vector — is watts
per square meter (W/m2); thatis, - =ExH
Poynting’s theorem states that the net
power flowing out of a given volume v is
equal to the time rate of decrease in the
energy stored within volume minus the
conduction losses.
a, =d xa, —pointsalong ak

E(z.t)=E, e cos(ot-Pz)a,

H(z,1) :E]—fie‘“ cos(wt—pz-0, )4,

Pave (Z) :%]: P(Z’ t)dt

P (2) =%Re(E5xﬁ:)

E "
o (2)==2e7"cos0, 4,
a ( ) |n| n
Pave :Ipave 'dS
S

5.3 REFLECTION OF PLANE WAVE
5.3.1 AT NORMAL INCIDENCE
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X

medium 1 (g, &, u,) A

medium 2 (g, & p)
E,

H, ay

(Transmitted wave)

a H, ¥ N

(reflected wave) =0
Incident wave

(Ei, Hi) is traveling along + az in medium 1.
If we suppress the time factor et and
assume that

Es(z)=E,e "4,

— . E A
His(z)=H,e™ ay:n—"’e a4,
1

Reflected wave
Ers (Z): EI'O EY1Z a)(

ﬁrs (Z) = Hro en (_éy) = _&e_hz ay

N
Transmitted wave
= (Z) =E,e™ a,
ﬁts (Z) = Hto eh? (_é‘y) = _&e_hz éy
Uy

The interface at z = 0, 2 tan the boundary
conditions

E11 = Ear, H11 = Hat

E,=E,+E, H,=H,+H,

Ez :Et’HZ :Ht
E.(0)+E, (0)=E,(0)>E,+E,=E,
H, (0)+H, (0)=H, (0) > L (E, ~E, )=
n M,
Ero n nl E
N, +M
Eto = 2n2 Eio
N, +My
r :& T]z Ny
Eo mMot+my
Reflection coefficient
_&: 2n,
Eo M.+tm

Transmission coefficient

1. 1+T =1

2. Both I and t are dimensionless and
may be complex.

3. 0 |I'| £1

Case A

If Ez = 0 The totally reflected wave
combines with the incident wave to form a
standing wave.

E, .
I'= a, =0,v, =B,

E, =2E,sinB, sinota,

=-10, =0,

2E; A
H, = —"*cosf, cosota,
Ny

Case B

If n1, I' < 0. For this case, the locations of

|E1] maximum are given by eq. whereas

those of |Ei| minimum are given by eq. All
theses are illustrated in Figure.
|H1| minimum occurs whenever there is
|E1] maximum which versa.

2. The transmitted wave ( not shown in
Figure) in medium 2 is a purely
traveling wave and consequently there
are no maxima or minima in this region.
The ratio of |Ei|lmax (or |Ei1] min (or
|H1|max to |H1| min ) is called the standing
wave ratio s; that s,

=| 1|ma>< — =1+|F|
|E1|min |H1|min 1_|F|
|1_| s-1
s+1

Since |F|S1, it follows that 1 <s < co. The

standing - wave ratio is dimensionless
and it is customarily expressed in
decibels (dB) as

SindB =20logios

5.3.2 AT OBLIQUE INCIDENCE
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B. Perpendicular Polarization

1 a, xE
H=—kxE="t""¢ L
ou n z=
sinB, Kk, u, |wg r = E, _M,C0s0; —n, cosb,
-T2 [Faf ==
sind,  k, U\ e, Ei, 1M, C086; +n,CosH,
n,sin®, =n,sin6, o =T, E
(=9 2n, €0s 0,
where n, =Cye, =c/u, and T, = =
E, m,C0s0;+n,coso,
n, =Ccyu,€, =c/u, are the refractive E, =1,E,
indices of the media. 14T —1
A. Parallel Polarization + Ll )
} E, A E'\_’K sin?0,, = & Hzgzl
H 1_(H1/H2)
; bz sin 0, = |2
\. k Hy T 1,
H
=0 tan Oy, %
1
r E, m,C080, —n, Cosb,
" E, m,c0s6,+n,cosb,
. = 2n, C0s O,
" E, m,c0s0, +n,coso,
Ew = = Es
cos0, =/1-sin”,
:\/1—(u2—ul)zsin26t
o= 222
cos 0,
: 1- /
sin? 0g = Ha&y Hl‘;:z
1-(g,/¢,)
.9 ] g,
SIN“ By =——— —>sinfy, =
l+ege, g +eg,
/n
tan Oy, = f2_ |12
€ n,
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GATE QUESTIONS

Q.1

Q.2

Q.3

Q.4

Two coaxial cables 1 and 2 are filled
with different dielectric constants
g, and ¢, respectively. The ratio of

the wavelengths in the two cables,

(A /%,)s
a) ‘\/8r1/8r2 b) \Igrz /grl
C) 8rl/‘ng d) 8r2 lgrl

[GATE - 2000]

A uniform plane wave in air
impinges at 459 angle on a lossless
dielectric material with dielectric
constante,.. The transmitted wave
propagates in a 30° direction with
respect to the normal. The value of

Er is

a) 1.5 b)V1.5
c)2 d) V2

[GATE - 2000]

A material has conductivity of

107% mho/m and a relative

permittivity of 4. The frequency at

which the conduction current in the

medium  is equal to  the

displacement current is

a) 45 MHz b) 90 MHz

c) 450 MHz d) 9000 MHz
[GATE - 2001]

If a plane electromagnetic wave

satisfies the equation
0°E 0°E
= ¢’ > the wave
0z ot

propagates in the
a) x-direction
b) z-direction
c) y-direction
d) xy plane at an angle of 45°
between the x and z directions
[GATE - 2001]

Q.5

Q.6

Q.7

Q.8

Q.9

Distilled

characterized by

250C  is
c=17x10"
mho/m and €=78 ¢, at a frequency

water at

of 3 GHz. Its loss tangent tan & is
a) 1.3x10° b) 1.3x10°°
c) 1.7x10°/78  d) 1.7x10* /(78 ¢,)

(e=10"°/(36m)F /m)
[GATE - 2002]

A plane wave is characterized by
E= (O.S)A( + Jel™? )ej‘”t_jkZ This wave is
a) linearly polarized

b) circularly polarized

c) elliptically polarized

d) unpolarized
[GATE - 2002]

If the electric field intensity
associated with uniform plane
electromagnetic wave travelling in a
perfect dielectric medium is given
by E(z,t)=10cos(2nx10"t-0.1n/z)
volt/m, the velocity of the travelling
wave is

a) 3.00x10°m/sec
c) 6.28x10"m/sec

b) 2.00x10°m/sec
d) 2.00x10"m/sec
[GATE - 2003]

A uniform plane wave travelling in
air is incident on the plane
boundary between air and another
dielectric medium with ¢ =4. The
reflection coefficient for the normal
incidence, is
a) zero

¢) 0.33320°

b) 0.5,180°

d) 0.3332180°
[GATE - 2003]

Medium 1 has the electrical
permittivity ¢ =1.5¢, farad/m and

occupies the region to the left of
x =0 plane. Medium 2 has the
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Q.10

Q.11

Q.12

Q.13

electrical permittivity ¢, =2.5¢,

farad/m and occupies the region to

the right of X =0 plane. If E| in

medium 1 is E, =(2u, —3u, +1u,)

volt/m, then E, in medium 2 is

a) (2.0u, —7.5u, +2.5u,)volt/m

b) (2.0u, —7.5u, +2.5u,)volt/m

c) (1.2u, -3.0u, +1.0u,) volt/m

d) (1.2u, —2.0u, +0.6u,) volt/m
[GATE - 2003]

The depth of penetration of
electromagnetic wave in a medium
having conductivity © at a
frequency of 1 MHz will be
penetration at a frequency of 4 MHz
will be

a) 6.25 cm b) 12.50 cm
c) 50.00 cm d) 100.00cm
[GATE - 2003]
If E= (éx +ja, )ejkz_j“’t and
H :(Lj(éx +J-éy)eikz—imt, the time
op

averaged pointing vector is

b) (L]éz
op

k V.

Y (m]az

[GATE - 2004 ]

a) null vector
[2k]A
o) | — |&,
op

The magnetic field intensity vector
of plane wave is given by.

H(x,t)=10sin (50000t +0.004x +30)a

where éy denotes the unit vector in

y

y direction. The wave is propagating

with a phase velocity.

a) 5x10*m/s b) 3x10°m/s

c) 1.25x10'm/s d) 3x10°m/s
[GATE - 2005]

When a plane wave travelling in
free-space is incident normally on a

Q.14

Q.15

medium having €, =4.0, the fraction

of power transmitted into the
medium is given by

a)8/9 b) 1/2

c)1/3 d)5/6

[GATE - 2006]

A medium is divided into regions I
and Il abour X = 0 plane, as shown
in the figure below, an
electromagnetic wave with electric
field E=44, +34,+54a, is incident
normally on the interface from
region-I. The electric field E,in

region - II at the interface is

Region I Region II
0, =0, =ty | 02=00ky =ty
8,.1 = 3 llE"r2 = 4
E > > E,
x<0 x>0
x=0
a) E,=E,

b) 44, +0.754, ~1.254,
c) 34, +34, +54,
d) —3a, +3a, +53,
[GATE - 2006]

A medium of relative permittivity
€, =2 forms an interface with

free-space. A point source of
electromagnetic energy is located in
the medium at a depth of 1 meter
from the interface. Due to the total
internal reflection, the transmitted
beam has a circular cross-section
over the interface. The area of the
beam cross - section at the interface
is given by

a) 2mm® b) m°m?

¢ m/2m? d) mm’

[GATE - 2006]
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Q.16

Q.17

Q.18

The electric  field of an
electromagnetic wave propagating
in the positive z-direction is given
by.

E=4, sin(mt—Bz)+éysin(cot—Bz+g]

The wave is
a) linearly polarized
direction
b) elliptically polarized
c) left-hand circularly polarized
d) right-hand circularly polarized
[GATE - 2006]

in the z-

A plane wave of wavelength 2 is
travelling in a direction making an
angle 300 with positive x-axis and
900 with positive y-axis The E field
of the plane wave can be
represented as (Eo is constant)

a) E= 9Eoel[a)t/3fx;r2]

b) E=YE€
sl
d) E= 9E0ej[wt_fﬁx+zzj

[GATE - 2007]

A Right Circularly Polarized (RCP)
plane wave is incident at an angle of
60° to the normal, on an air-
dielectric interface. If the reflected
wave is linearly polarized, the
relative dielectric constant ¢, is

linearly
RCP polarized
60° 60°
air €, =1
ra Cd 4 7 7 77
dielectric £
e,
a) 2 b) v3
)2 d) 3

Q.19

Q.20

Q.21

Q.22

[GATE - 2007]

The H field (in A/m) of a plane
wave propagating in free space is
given by

. 583

H=X——cos(ot—Bz)+ yisin (mt—[&z +g]

Mo Mo
The time average power flow
density in watts is

a) Mo b) 100
100 no
¢) 50,2 d) 20
Mo

[GATE - 2007]

A uniform plane wave in the free
space is normally incident on an

infinitely thick dielectric slab
(dielectric constante, =9).The
magnitude of the reflection
coefficient is.

a)o b) 0.3

c) 0.5 d) 0.8

[GATE - 2008]

A plane wave having the electric
field component

Ei =24 cos(3x10°t+By)a,V/m and

travelling in free space is incident
normally on a lossless medium with

u=u, and € =9¢, which occupies
the region y>0. The reflected

magnetic field component is given
by.

1 n

a) ——cos(3x10°t a A/m
)107r ( +y) A

p) 1 %108 4 A/m
)Zoﬂcos(S 0°t+y)a, A/

1 -

c) ————cos(3x10°t+y)a, A/m

) 20 ( y) X /

1 ~
d) —Ecos(sxlost +y)a, A/m
[GATE - 2010]

The electric field component of a
time harmonic plane EM wave
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Q.23

travelling in a nonmagnetic lossless
dielectric medium has an amplitude
of 1 V/m. If the relative permittivity
of the medium is 4, the magnitude of
the time average power density
vector (in W/m?) is

a1 b) =
307 60n

¢ Q) L
1207 2407

[GATE - 2010]

Consider the following statement
regarding the complex Poynting

vector P for the power radiated by
a point source in an infinite
homogenous and lossless medium.

Re P denotes the real part ofl_5, S
denotes a spherical surface whose
centre is at the point source, and n
denotes the unit surface normal on
S. Which of the following statement
is TRUE?

a) Re P remains constant at any
radial distance from the source

—

b) Re P increases with increasing
radial distance from the source
c) cﬂ)Re(ﬁ)ﬁ dS remains constant at
S

any radial constant at any radial
distance from the source

d) Re(Pla dS decreases with
el

increasing radial distance from
the source
[GATE - 2011]

Q.24 A current sheet J=lOﬁy A/m lies

on the dielectric interface x = 0
between two dielectric media with
g, =Lu, =1 in Region-1 (x < 0) and
€, =2,1,, =2 in Region-1 at x=0 is
Hi =30, +300, A/m, the magnetic

field in Region - 2 atx = 0* is

Q.25

Q.26

Q.27

x>0 (Region - 2):

£'r2=2r!'Lr2j=2 x=0
—
x>0 (Region-1):
Ey =Sy =1 ¥

a) Hz =150, +300, ~100, A/m
b) H> =30, +300, ~100, A/m
¢) H2 =150, +400, A/m

d) H> =30, +300, +100, A/m
[GATE - 2011]

A plane wave propagating in air

. = A A A t+3x+4y .
with E=(8ax—6ay+5az)e‘“” s
incident on a perfectly conducting

slab positioned at x <0. the E field
of the reflected waves is

a) (-84, —64, 54, )e”" >V /m
b) (-84, +6a, -53, )"V /m

c) (-84, -6a, 54, )e” > ¥V/m
[GATE - 2012]

The electric field of a uniform plane
electromagnetic wave in free space,
along the positive x direction, is
given byE = 10(a, + ja,)e . The
frequency and polarization of the
wave. Respectively, are
a) 1.2 GHz and left circular
b) 4 Hz and left circular
c) 1.2 GHz and right circular
d) 4 GHz and right circular

[GATE - 2012]

A coaxial-cable with an inner
diameter of 1 mm and outer
diameter of 2.4 mm is filled with a
dielectric of relative permittivity

10.89. Given
109F
-7 T
Wy = 47:><:LO H ,€g = 36m , the
m m
characteristic impedance of the
cable as
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a) 3300
¢) 143.30

b) 100Q
d) 43.4Q
[GATE - 2012]

Statement for Linked Answer Questions
28 and 29

A monochromatic plane wave of
wavelength A =600um is propagating in the

direction as shown in the figure below. Ei,

Erand E: denote incident, reflected, and
transmitted electric field vectors associated
with the wave

Q.28 The expression for E: is

E _jnxlOi/(i(—z)
a) 0.23—2(a,+a,)e  * V/m
) 023 L (3, +4,)
n><104
b) ——(a +a )e : V/im
2
E ~ 7j7[><1043(x—z) /
c) 0.44—=(a, +a,)e V/im
) 044 L (3,+4,)
~ . 7J_T[><104(X72)
(a +d,)e * V/m

SI

[GATE - 2013]

Q.29 The angle of incidence 6; and the

expression for E; are

,n><104(x+z)

E, . ~
a)60° and —=%(a. -4 )e 2  V/m
)60" and 2(2, -4,)
_J.n><104z
b) 45°and—%(4a, +a,)e  ® V/m
2(a.+4)
x10* (x+2)
C) 45°an T(é éz)e BEC V/m
_.r[xlOAZ
d) 60° and —(é -a,)e 3 VIm

iﬂ

Q.30

Q.31

Q.32

Q.33

[GATE - 2013]

If the electric field of a plane wave is
E(Z,t)=X3cos(ot —kz +30°) —s
(—kz+45°) (mV/m), the
polarization state of the plane wave
is

a) left elliptical
c) right elliptical

b) left circular
d) right circular
[GATE - 2014-2]

Assume that a plane wave in air
with an electric field
E=10cos(wt—3x—~/3z)a, V/m s
incident on a non-magnetic dielectric
slab of relative permittivity 3 which
covers the region.Z > 0 The angle
of transmission in the dielectric slab

is .degrees.
[GATE - 2014-3]

The electric field component of a
plane wave travelling in a lossless
dielectric medium is given by

> R z
E(z,t)=4,2coscos| 10°t——— [V /m
R )
. The wavelength (in m) for the wave
is
[GATE - 2015-1]

Consider a uniform plane wave with
amplitude (E,) of 10V / m and

1.1GHz frequency travelling in air,
and incident normally on a dielectric
medium with complex relative
permittivity (¢,) and permeability

() as shown in the figure.

|-ICI\ m
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Q.34

Q.35

Q.36

Q.37

The magnitude of the transmitted
electric field component (in V/m)
after it has travelled a distance of
10 cm inside the dielectric region
is

[GATE - 2015-1]

The electric field intensity of a plane
wave traveling in free space is give
by the following expression
E(x,t)=a,24ncos(wt—k,Xx)(V/m)

In this field, consider a square area
10cm x 10 cm on a plane x + y = 1.
The total time-averaged power (in
mW) passing through the square
areais_____

[GATE - 2015-1]

The electric field of a uniform plane
electromagnetic wave is
E =(a, + jday)exp[j(2nx10"t—0.22)]
The polarization of the wave is
a) Right handed circular
b) Right handed elliptical
c) Left handed circular
d) Left handed elliptical
[GATE - 2015-2]

The electric field of a plane wave
propagating in a lossless non-
magnetic medium is given by the
following expression

E(z,t) =4,5c0s(2mx10°t + Pz)
+8,3c0s(2nx10°t + Bz —g)

The type of the polarization is
a) Right Hand Circular.
b) Left Hand Elliptical
c) Right Hand Elliptical
d) Linear
[GATE - 2015-2]

The electric field of a uniform plane
wave travelling along the negative z
direction is given by the following

equation: E! = (éx + jély)Eoeij

Q.38

Q.39

This wave is incident upon a
receiving antenna placed at the
origin and whose radiated electric
field towards the incident wave is
given by the following equation:

E,=(ax+2ay )E, %eikf

The polarization of the incident

wave, the polarization of the
antenna and losses due to the
polarization mismatch are,
respectively,

a) Linear, Circular (clockwise),-5dB
b) Circular (clockwise), Linear,-5dB
c) Circular (clockwise), Linear,-3dB
d) Circular (anti clockwise),

Linear,-3dB
[GATE - 2016-1]

Let the electric field vector of a

plane electromagnetic wave
propagating in a homogenous
medium be expressed as
E =XE e /P, where the

propagation constant B is a function

of the angular frequencyw. Assume
that B (w) and E, are known and

are real. From the information
available, which one of the following
CANNOT be determined?
a) The type of polarization of the
wave.
b) The group velocity of the wave.
c) The phase velocity of the wave.
d) The power flux through the z =0
plane.
[GATE - 2016-2]

A positive charge q is placed at x= 0
between two infinite metal plates
placed at x=-d and at x=+d
respectively. The metal plates lie in
the yz plane.
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Q.42 A uniform plane wave traveling in

free space and having the electric
field

E= (ﬁéx —éz)cos[&@xlost— Zn(x +ﬁz)}V/ mE

| : is incident on a dielectric medium

atx=-d
+id

.
|
=
arr=

The charge is at rest at t= 0, when a (relative permittivity > 1, relative
voltage +V is applied to the plate at permeability = 1) as shown in the
—-d and voltage -V is applied to the figure and there is no reflected wave

plate at x= +d. Assume that the

quantity of the charge q is small

enough that it does not perturb the

field set up by the metal plates. The Free space
time that the charge q takes to reach

the right plate is proportional to

a)d/v byJd,/vo TTTTTTmTITTIIS >
) d/ Vv d) Vd/v

[GATE - 2016-2]

Dielectric
Mediumg, > 1)

R R
N

Q40 If a right-handed circularly
polarized wave is incident normally
on a plane perfect conductor, then
the reflected wave will be
a) right-handed circularly polarized
b) left-handed circularly polarized
c) elliptically polarized with tilt

angle of 45°
d) horizontally polarized
[GATE - 2016-3]

Q.41 The expression for an electric field
in free space is

E=E,=(X+9+j2z)e o)
where X, y, z represent the spatial

coordinates, t represents time, and
w,k are constants. This electric field,

a) does not represent a plane wave
b) represents a circular polarized
plane wave propagating normal to
the z-axis
c) represents an elliptically
polarized plane wave propagating
along x-y plane.
d) represents a linearly polarized
plane wave

[GATE - 2017-1]
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ANSWER KEY:

112345 6 [78]9]10]11]12]13]14
M @@ |M @] @[ |M][E | MG)[@]C]@]((¢
15 | 16 | 17 | 18 | 19 | 20 |21 [ 22 |23 | 24 | 25 | 26 | 27 | 28
@@ [M@W][MdD]| @@ | @|@@Q[C|E@][C|@]*|@
29 |30 | 31|32 (33| 34 | 3536 |37 |38[39]40] 41| 42
©|@|30][88]01[533|[@| | @Q|@]@|m®] @] 2
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Q.1

Q.2

Q.3

Q.4
Q.5

v, \/E
v, |[€°
v, Ve
V=nAi
n = frequency of operation
Vo
A
. 72 = g
sm9
sin 6. \/T
sin 30°
sin 45° :ﬁ
1/2 1
TR RN
= g =2
(a)
|0'E| :|ja)e E|
o=2xnf g,
= fo_—9
27X €,€,
B 9x10% x2x107?
- 4
F = 45x10° = 45MHz
(b)
(@)
tans =—2

Q.6

Q.7

Q.8

Q.9

. 17x10*
 27x3x10°x78¢,
=0.13x10™"
=1.3x10°°

(c)
Ex = 0.5e" %
Ey _ 1ej(a)t—kz)9

3 =0.5e 2 = 1490°
Ey

—

Since|=—|#1,s0

Ey

polarised.

(b)

o =2rx10’

p=01r

Comparing with Acos (wt
0 2r x10’

B 0lr
=2x10®m/s

=—= _?1 = 0.3332180°

EXPLANATIONS

elliptically

-p7)
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Q.10

Q.11

Q.12

E, =-3u, +u, =E, (x=0plane)

E,, =2u,
D,=D,, =€E
= S Eln =€ E2n

15¢,.2u, =25¢,.E,

on — iux = 1'2ux
2.5

E,=E, +E,,
E,=-3u,+u,+1.2u,

m

B =-0.004

vo=2
B
_ 5x10*
—4x107°
=-1.25x10"m/s

Q.13 (a)

R=01-T*)PR

Q.14

Q.15

= T, =1
M+
Ho Ho
_ VSoSr So
A.‘r &
S So
1, .
r-=2____%
1 3
—+1
2

E,= 3éy +5€‘tZ =E,,
Dnl = Dn2
kldlsina
R2
44 A
- 3x4a, 3%
4
Ez — E2t + E2n

=3a, +95a, +3a,

dH =

E

(d)

BD=AB=1m
Area= 7’ = 7x BD? = 7m?

Q.16 (c)

Q.17 (a)
Q.18 (d)
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tang, = [—2
grl

tan 60° = /i
1

3

grz =
Q.19 (d)
For free space,
EZ
P=— E=ng,H
21,
P 770H ? 770H 2
217, 2
=L 5By ey =2
Ul o
p="o xg
2 1,
:ﬁ Watts
Un
Q.20 (¢)

Dielectric constant of free space,
€,,=1 dielectric constant of
dielectric slab, €,,=9 Magnitude of
reflection coefficient,

PN AN 3|_
SN

Q21 (a)
E, = 24c0s(3x10°t—By)a,

The wave is travelling in + y
direction

_ 24cos
120n

(3x10°t-By)4,

= %cos(leOst ~By)a,

Q.22

Q.23

Q.24

Hy Mo
H n-n \& S,

Therefore, reflected magnetic field
component,

Hr = %cos(leOSt -By)a,

Which indicates that the reflected
wave is travelling in -y direction.

)

Magnitude of the time-average
power density vector,

EZ

2n

Where, 7=/ ul €

My 17y 1207

Pav =

T“\ae, 2 2
2
P, = L 1 wiw
2(1207{) 120z
2
(c)
(a)

For magnetic field boundary
relations are

B,=B,,
and H, —H,, = —J;xan
- Bxl = BXZ

". (xis normal component)
mH = H,,

= 1x3=2xH,,

H, =15

=H, —H,_ =-100 x{,
=+100,

H,, =H, —10i

z
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Q.25

Q.26

Q.27

Q.28

Q.29

H,, =300, —1000,

(9
E = (83, + 63, + 5, )]

v/m
Since perfect conductor will reflect
wave totally. Let reflected wave is

Er. Tangential
incident wave is
E.=6a,+53,

component of

Since at the boundary net tangential
field will be zero.
For this tangential component of

reflected wave (E.) and tangential

component of incident wave must
cancel out each other, for this

Ev =63, 54,

Reflected wave will have normal
component such that it will cancel
out the normal component of
incident wave so it will be 83,

Also the direction of propagation
will be in -x direction. So

E=(-84,—63,-54,)e"" "™ /m.

(a)

Out of phase by 900 and equal
amplitude the wave is left circularly
polarized check the trace of E with
the time

a, = sin ot
a, = cos wt
™

Characteristic impedance of the co-
axial cable is given by

ZO :@]092

\Ier
138 2.4
= log| =— | =15.89Q2
410.89 g( 1 j
(@)

(c)
Electric field boundary condition
Electric lies in the x - z plane the

Q.30

Q.31

plane of incidence in the case of
parallel poarization.

J&,, Sin6, = /&, sin 6t
1sin 6, = +/4.5sin(19.2°)
sin @ =2.12x0.3289

sing, =0.697
0. =0.697

6, =sin™(0.697)
0, =44.2

6 =45°

Incidence electric field
Ei=Ei(cos0a, —sin63, )e”
(xsin®; +zcos6,)

Ei = EO(cos450)

£-9)

_jmx10* (x+2)

§_§)e W2\ [m.

—jrx10* 1
————(X+z
e 3 ﬁ( )

1
E =E,—
i o] \/E(
E
E =—2
i \/E(
(a)
E(z,t) =3cos(cot-kz +30°)
a, -4 -sin(ot —kz+45%a,
E, =3cos (ot —kz +30°)
E, =— 4cos(ot —kz +45°)
At z=0E, =3cos(ot+30°).
E, =— 4sin(ot + 45°)
|E,|=|E,| —so

Elliptical polarization
Q=30° —135°=-105°
~left hand elliptical (LEP)

(30)

Given E =10 cos (ot —3x —\/ﬁ)ay
E = Eoefj[i(x cosﬂx+ycnsey+zcosﬂz)

So, By=B cos Bx=3

B, =Bcosd, =0

Bz :BCOSOZ :\/5
By +B; +B; =P’
9+3=p*=p=+13
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Bcoso, —\/_:>cose

\/7:6 =6128=0,

sinb;, _ |E,
siné, E,
sin61.28 3 08769 .
==\ T ™ =sin 0,
sin @, 1 J3
0, =304=0,; 30°
Q.32 (8.885)
z
E(z,t) = 2cos(10°t——=)a
(2.9 = 200500° 1),
A :%: 212
A =8.885m
Q.33 (0.1)
2 Q.35
. Dieletric(c = 0)
air b
n=120n| T
e =1-j2
E, =10V/m
n, =1207Q
N ="
So, E,=E,=10V/m
E, — Electric field in the dieletric
after travellinglOcm Q.36

E,=Ee " —>

a+j[3:com\/ﬁ

o+ JB = jonfueey (1-J2)

= JO\Ho€y + 204146,
2x2mx1.1x10°

=2 = =46.07
*7 2OV 3x10°
z=10cm Q.37
_ ~10x1072x46.07 __ 46 _
E,=10e =10e™" =0.1 Q.38

Q.34 (53.3)
E(x,t)=a,24ncos(ot -k x)(V/m)

Power (P) = IP .ds

avg*

x+y=1
a, +a
V2

To the surface

Y. unit vector normal

dydz
P =53.3mW

P =j7.53ax.j‘/xE

_7 53><10><10><10_

NG

P=53.3x10°W

(d)

_ ; j(2mx?10" t-0.27)
E=(a, +4ja,)e

o=2nx10’
E, =coswt
p=0.2

T .
E, = 4cos(w+§) =—sin ot

So, it left hand elliptical polarization

(b)
E, =5cos(ot+pz)

T
E, =3cos(mt+Bz—Ej
T
0="73

But the wave is propagating along
negative z-direction
So, Left hand elliptical (LED).

Q)
(d)

Option (a): The polarization is linear

Option (b): Vg = V£

p
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Q.39

Q.40

Q.41

Q.42

Option (c): Vp = %

Option (D): It is not possible to find
the intrinsic impedance of the
medium. So it is not possible to find
power flux.

Q)
(b)

If incident wave is right handed
polarized then the reflected wave is
left handed polarized.

)
Given the direction of propagation is

A

a,—a,

The orientation of Efield is
a,+a, +j2a,

The dot product between above two
is1-1+0=1

It is a plane wave
We observed that

P=a,-a,a, +a, andj2a,are

normal to each other

So electric field can be resolved into
two normal component along
a, +éy and j2a,

The magnitude are V2 and 2 and

="

So elliptical polarization

2

E= (\/Eéll -3, )cos(cx/énxlogt— 2n<x +\/§Z))V/ m

The wave is parallel to the x, z plane

Since, there is no reflection,

Angle of incidence in Brewster angle
is

0, =0, =tan”* |°2 —tan* e,
&

tan 0, =~/2
Je, =2
=2
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TRANSMISSION LINE

6.1 INTRODUCTION

Transmission lines are commonly used in
power distribution (at low frequencies)
and in communications (at high
frequencies). There are various kinds of
transmission lines such as the twisted-pair
and coaxial cables.

1) The line parameters R, L, G and not
discrete or lumped but distributed as
shown in figure. By this we mean that
the parameters are uniformly
distributed along the entire length of
the line.

Parameters | Coaxial Line | Two - Planer
Wire Line
Line
R(Q/m) 1 [ 1 1} 1 2
27[605 d b T[aSGC WSGC
(3<<a,c-b) §<<a (3<<t)
L (H/m b d d
(H/m) Ein= Eeosht— | 2
2 a T 2a | w
G(S/m) 2ma no ow
b ad | g
fd cosh™ —
In " ’a
C(F/m) 2me e ew
b cosh™ da d
In— 2a | (w>>d)
a
2) For each line, the conductor are

characterized by o_,u_,e, = ¢,, and the

homogeneous dielectric separating the

conductor is characterized by O, 1,€.
3) G # 1/R; R is the resistance per unit
length of the conductor comprising the
line and G is the conductance per unit
length of the conductor comprising the
line and G is the conductance per unit
length due to the dielectric medium

separating the conductors.

series Rand L

() . A AT -'w"/""} SR 2 LI .')
L L L
} } t v

shunt Gand C H

/s‘ RS -

N\ *
ned P

1

1

'

1
amda
[e—

1

'

1

1

'

-y

()- FROW NV 22 RO NDULI s 2. T -\,«,«é
4) The value of L shown in Table is the
external inductance per unit length;
that is, L = Lex. The effects of
internal inductance Lin ( = R/®) are
negliable as high frequencies at
which most communication systems
operate.

For each line,

5)

LC = pe and G o
C ¢

6.2 TRANSMISSION LINE EQUATIONS

V=—[Ed, I=§H.dl
By KVL to the circuit
al(z,t)
V(z,t)=RAzI(z,t)+ LAz . +V(z+Az,1)
V(z+Az,t)-V(z,t) _ RI(z 1)+ I_al(z,t)
Az ot
_V(zt) _ RI(z, 1)+ L al(z,t)
0z ot
By KCL to the node of circuit
1(z,t)=1(z+Az,t)+Al
V(z+Az,t)

=1(z+Az,t)+GAzV(z+Az,1)+CAz 5

1(z+Az,t)—1(z,t)
Az

oV (z+Az,t)

ot

V(z,1)
ot

=GV(z+Azt)+C
al(z,t)

=GV(z,t)+C
e (z,t)+
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It RAz L4z

Togenerator *

C—
Viz+az, ) Toload

V1) GAz CAz

¢

e[, (2)e"]
|( Re[ls Jer ]

—=(RejoL)L,
Ak grjec)y,
2
%= (RejoL)(G+j0C)V,
v,
V,=0
dz? 7

y=a+jp=+(R+joL)G+jnC)
d?I,

2I =0
dz?
_2n

p
u=2-f

p
glr_ 2t _o

Ao AF
_2n_o

Loon
V,(z)=V, e " +V, e"

—>+Z -2«

I [(2)=1,e" +1,e"
—>+Z —Z<«
The characteristic impedance Zo of the
line is the ratio of positively travelling
voltage wave to current wave at any point
on the line.
V, _ _ﬁ

o:I+

R+joL v
[ Y G+Jc0C

—

7, = [RHob g oLix,
G+joC

A.

Lossless Line (R=0=G)

A transmission line is said to be
lossless if the conductors of the line are
perfect ( oc = o) and the dielectric
medium separating them is lossless ( ¢

~ 0).

R=0=G

a=0,

v=iB=jovLC

u=2-_1 _p

B LC

X,=0,Z,=R, = L

C

Distortionless Line (R /L = G/C)

A distortionless line is one which the
attenuation constant o is frequency
independent while the phase constant 3
is linearly dependent on frequency.

R_G
L C

RG(1+J(0L)(1+—J®C]
R G
joC .
RG|1+——|=
(+ G ] o+ P
o =+vRG B=w+LC
/M f\F,
G(1+joC/G) C

B \/ c
A losses line is also a distortionless line,
but a distortionless line is not

necessarily lossless. Lines are desirable
in power transmission, telephone lines
are required to be distortionless.

Case Propagation Constant |Characteristic
Y=o+ J[} Impedance
Z0=Ro +jXo
General \/(R+ij)(G+j(DC) R+ joL
G+joC
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Lossless 0+ jwLC £+j0
C

Distortionless | \/RG + joo\/E \/Lio
C

6.3 INPUT IMPEDANCE, SWR, & POWER

V. (2)=VS e ™ +V,e”

Vo gn Vo

I.(2) = ZZ e 2. e”
Vo=V (z=0),Io=1(z=0)
Vi =%(v0 +Z,1,)
Vozé(vo—zolo)

Z V.

in g

— V..l =
©ozo+z, U Z,+Z,
V., =V(z=1), I =1(z=1)

A =%(VL+ZO|L)eV'

_ 1 .
V, :E(VO—ZOIO)e 7

V@ _%(V%e+Ve)
"L VY,

e’ +e A —e

=cosh, e_Tzsin;A

_sinhyl _e"—e™
coshyl e"+e™

tanyl

7 :Z{ZL +Z, tanhyl

. loss
" Z,+Z, tanh yl} (lossy)

7 - Z +Z,tanhpl
"% Z,+jZ, tan Bl
The voltage reflection coefficient at any
point on the line is the ratio of the

magnitude of the reflected voltage wave to
that of the incident wave.

} (lossless)

_ Ve
A
FL — ZL _ZO
Z +Z,

The current reflection coefficient at any
point on the line is negative of the voltage
reflection coefficient at that point.

Voltage standing wave Ratio s (VSWR)

— Vmax — Imax =1+|FL|

Vmin Imin 1_|FL|
1<S<w
-1<T<+1
max for min (zin) input impedance
Zulp =2 =52,

max

Imin
Vmin Z

|Zin|min = I :?0

Power Transmission at the / distance

Pa = 3R]

2
V+
)
27,
Pt=Pi- Pr

Special care of Transmission Line

A. Shorted Line (Z. = 0)
Z =7, 2.0 =jZ, tanpl

['=-1s=wo
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Zsc

Inductive

|
|
|
|
|
|
1
° i M|
2 I
|
|
|
Capacitive :
| |
(@)
Zoc
A
| |
Inductive | | |
| I |
|
|
|
0 I Pl
Tl n q m o
2| 2
|
| |
-. | |
Capacitive | I
I ! ! !
(b)
B. Open - Circuited Line (ZL = =)
. Z .
Z_ =Ilm2z =—"2—=—jZ cotpl
oc Z, -0 in jtanBI 0
=1 s=owo
2
Zsczoc :ZO

C. Matched Line (Z. = Zo)
Zin="7o
' =0,s=1
The incident power is fully absorbed by
the load. Thus maximum power transfer
is possible when a transmission line is
matched to the load.
The Smith chart is a graphical mean of
obtaining line characteristics such as T,
s, and Zin, It is constructed within a
circle of unit radius and based on the
formula for I'L given above. For each r
and x, it has two explicit circle (the
constant s - circle). It is conveniently
used in determining the location of a
stub tuner and its length. It is also used

with the slotted line to determine the
value of the unknown load impedance.

6.4 APPLICATIONS OF TRANSMISSION
LINES

A. Quarter - Wave Transformer
(Matching)

I:& or fl :z—n(ﬁjzz
4 r\4) 2

When Zo # Z. the load is mismatched
and a reflected wave exist on the line.
However, for minimum power transfer,
it is desired that the load be matched to
the transmission line (Zo = Z1) so there
is no reflection the mateling is achieved
by using shorted sections of
transmission lines.

{ZLJerOtann/Z} V4
_Zo —

in

Z,+jZ tann/2| Z,
Zin _ ZO
Z, 7,
ZIo: Z,Z,

If for example, a 120 - Q load is to be
matched to a 75 -Q line, the quarter -
wave transformer must have a

characteristic impedance of 1/(75)i120)
~95 Q.

Thus, the main disadvantage of the
quarter

- wave transformer is that it is a narrow
- band or frequency

- sensitive device

B. Single - Stub Tuner (Matching)
A
0,

shorted stub

The major drawback of using a quarter
- wave transformer as a line - matching
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device is eliminated by using a single -

stub tuner. The tuner consists of an

open or shorted section of transmission

line of length d connected in parallel

with the main line at some distance [ .
from the load as in Figure. Notice that 4 :
the stub has the same characteristic
impedance as the main line. It is
difficult to use a series stub although it A
is theoretically feasible. An open - .
circuited stub radiates some energy are
preferred.

locusofy =1+ jb
® =1 circle)

As we intend that Zin = Zo, that is, Zin=1
or yin = 1 at point A on the line, we first
draw the locus y =1 + jb ( r = 1 circle)
on the Smith chart as shown in Figure
11.20. If a shunt stub of admittance ys =
- jb is introduced at A, then

Vi, =1+ jb+y, =1+ jb—jb=1+j0

We determine the length d of the stub
by finding the distance from Psc (at
which 7z’ = 0 + j0) to the required stub
admittance ys. For the stub at A, we
obtain d = da as the distance from P to
A’, where A’ corresponds to ys = -jb
located on the periphery of the chart as
in Figure 11.20. Similarly, we obtain d =
ds as the distance from Psc to B’ (ys = jb).
Thus we obtain d = da and d = ds,
corresponding to A and B, respectively,
as shown in Figure 11.20. Note that da +
ds = A/2 always. Since we have two
possible shunted stubs, we normally
choose to match the shorter stub or one
at a position closer to the load. Instead
of having a single stub shunted across
the line, we may have two stubs. This is

called double - stub matching and
allows for the adjustment of the load
impedance.
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GATE QUESTIONS

Q.1

Q.2

Q.3

Q.4

Q.5

The magnitude of the open-circuit

and short - circuit input impedances

of a transmission line are 100€2 and

25Q respectively. The characteristic

impedance of the line is.

a) 25Q b) 50Q2

c) 7150 d) 100Q2
[GATE - 2000]

A uniform plane electromagnetic
wave incident normally on a plane
surface of a dielectric material is
reflected with a VSWR of 3. What is
the percentage of incident power
that is reflected?
a) 10%

c) 50%

b) 25%
d) 75%
[GATE - 2001]

A transmission line is distortion less
if
a) RL= = b) RL = GC

GC

¢) LG = RC d) RG = LC

[GATE - 2001]

In an impedance Smith chart, a
clockwise = movement along a
constant resistance circle gives rise
to
a) a decrease
reactance
b) an increase
reactance
c) no change in the reactance value
d) no change in the impedance
value

in the wvalue of

in the value of

[GATE - 2002]

The VSWR can have any value
between

a)0and1
c) 0 and «

b)-1land+1
d) 1 and «
[GATE - 2002]

Q.6

Q.7

Q.8

A short-circuited stub is shunt is
shunt connected to a transmission
line as shown in the figure. If
Z, =50 Q, the admittance Y seen at

the junction of the stud and the
transmission line is

/

XV\“

N, 1
N
~

)
]
)
12
i Z,=100 ohm
z [ Zo

| te— n2—

a) (0.01-j0.02) mho
b) (0.02-j0.01) mho
c) (0.04-j0.02) mho
d) (0.02 +j0) mho
[GATE - 2003]

A lossless transmission line is
terminated in a load which reflects a
part of the incident power. The
measured VSWR is 2. The
percentage of the power that is
reflected back is

a) 57.73 b) 33.33

c) 0.11 d) 11.11
[GATE - 2004]

A plane electromagnetic wave

propagating in free space is incident
normally on a large slab of loss-less,
non-magnetic, dielectric material
withe >¢;,. Maxima and minima are

observed when the electric field is
measured in front of the slab. The
maximum electric field is found to
be 5 times the minimum field. The
intrinsic impedance of the medium
should be
a) 120mQ2
c) 60072

b) 607t
d) 24nQ2
[GATE - 2004]
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Q.9

Q.10

Q.11

Consider an impedance Z=R+jX
marked with port P in an impedance
Smith chart as shown in the figure.
The movement from point P along a
constant resistance circle in the
clockwise direction by an angle 45°
is equivalent to

a) Adding an inductance in series
with Z
b) Adding a capacitance in series
with Z
c) Adding an inductance in shunt
across Z
d) Adding a capacitance in shunt
across Z
[GATE - 2004]

Consider a 3002  quarter-wave long

(at 1 GHz) transmission line as show
in the figure. It is connected to a
10V. 50Q source at one end and is
left open circuited at the other end.
The magnitude of the voltage at the
open circuit end of the line is

|
10V, 500 X
Source A
|
<€ A4 2
a) 10V b)5V
c)60V d) 60/7V

[GATE - 2004]

Many circles are drawn in a smith
chart used for transmission line
calculation. The circles shown in the
figure represent

(7
o

a) Unit circles
b) Constant resistance circles
c) constant reactance circles
d) constant reflection coefficient
circles
[GATE - 2005]

Common data for questions 12 and 13

Voltage standing wave pattern in a lossless
transmission line with characteristic
impedance 50Q and a resistive load is

shown in the figure.
4 V()

Load

Q.12 The value of the load resistance is
a) 50Q2 b) 200Q2
c) 12.5Q d) 0Q2
[GATE - 2005]
Q.13 The reflection coefficient is given by
a)-0.6 b) -1
c) 0.6 d)o
[GATE - 2005]
Q.14 Characteristic impedance of

transmission line is 50€2. Input
impedance of the open circuited line
is  Z,.=100+j150Q. When the
transmission line is short-circuited,

then value of the input impedance
will be

a) 50Q
c) 7.69+ j11.54Q

b) 100+ j150Q
d) 7.69- 11540
[GATE - 2005]

Common data for questions 15 & 16:

A 30-volts battery with zero source
resistance is connected to a coaxial line of
characteristic impedance of 50 ohms at t=0
second and terminated in an unknown
resistive load, the line length is such that it
takes 400us for an electromagnetic wave
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to travel from source end to load end and
vice - versa. At t = 400us, the voltage at the

load end is found to be 40 volts.

Q.15

Q.16

Q.17

Q.18

The load resistance is
a) 25 ohms b) 50 ohms
c) 75 ohms d) 100 Ohms

[GATE - 2006]

The steady - state current through
the load resistance is
a) 25 Amps
c) 0.6 Amps

b) 0.3 Amps
d) 0.4 Amps
[GATE - 2006]

The parallel branches of a 2-wire
transmission line are terminated in
100Q2 and 200Q2 resistors as shown
in the figure. The characteristic
impedance of the line is Z, =50Q

and each section has length of A /4.
The voltage reflection coefficient T
at the input is

) _,% b)

[GATE - 2007]

Aload of 50Q2 is connected in shunt
in a 2-wire transmission line of
Z, =50Q as shown in the figure. The
2-port scattering parameter matrix
(S-Matrix) of the shunt element is

Z,=50Q 50Q2,=50Q

AAAA
Yy

Q.19

Q.20

Q.21

1 1 r
a) 2 2 b) |° 1}
1 1 _1 O
2 2
12 13
C) 3 3 d) 4
2 1 31
3 L4 4

[GATE - 2007 ]

In the design of a single mode step
index optical fiber closer upper cut -
off, the single - mode operation is
not preserved if

a) radius as well as operating
wavelength are halved
b) radius as well as operating

wavelength are doubled
c) radius is halved and operating
wavelength is doubled
d) radius is doubled and operating
wavelength is halved
[GATE -2008]

One end of a loss-less transmission

line having the characteristic

impedance of 75Q and length of 1

cm is short-circuited. At 3 GHz, the

input impedance at the other end of

the transmission line is

a)o b) Resistive

c) Capacitive d) Inductive
[GATE -2008]

A transmission line terminates in
two branches, each of length A4,

as shown. The branches are
terminated by 50€2 loads. The
lines are lossless and have the
characteristic impedance shown.
Determine the impedance Zi as seen
by the source.
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Q.22

Q.23

Q.24

Q.25

a) 2000 b) 10002

c) 50Q d) 25Q
[GATE - 2009]

In the circuit shown, all the

transmission line sections are

lossless. The voltage standing wave
ratio (VSWR) on the 602 line is

Short

Z,=300 ATB
4
Z,=600 Z,=3020Q Er:]ZL_SOQ
AI:Z\M—N
a) 1.00 b) 1.64
¢) 2.50 d) 3.00

[GATE-2010]

A transmission line has a
characteristic impedance of 50Q
and a resistance of 0.1Q/ m. If the

line is distortion less, the
attenuation constant (in Np/m) is

a) 500 b) 5

c) 0.014 d) 0.002

[GATE - 2010]

A transmission line of characteristic
impedance 50Q2 is terminated in a
load impedance as Z, . The VSWR of
the line is measured as 5 and the

first of the voltage maxima in the
line is observed at a distance of

A/ 4 from the load. The value of Z
is

a) 10Q

b) 250Q

c) (19.23+ j46.15)Q

d) (19.23- j46.15)Q
[GATE - 2011]

A transmission line of characteristic
impendence 50Q2 is terminated by
a 50Q2 load. When excited by a
sinusoidal voltage source at 10GHz,
the phase difference between two
points spaced 2mm apart on the line

Q.26

Q.27

Q,28

Q.29

is found to be m/4 radians. The
phase velocity of the wave along the
line is

a) 0.8x10°m/s
) 1.6x10°m/s

b) 1.2x10°m/s

d) 3x10°m/s
[GATE - 2011]

A transmission line with a

characteristic impedance of 100Q is

used to match a 50Q) section to a

200Q2 section. If the matching is to

be done both at 429 MHz and 1GHz,

the length of the transmission line

can be approximately

a) 82.5 cm b) 1.05 m

c) 1.58 m d) 1.75 m
[GATE - 2012]

The return loss of a device is found
to be 20dB. The voltage standing
wave ratio (VSWR) and magnitude
of reflection coefficient are
respectively

a)1.22and 0.1
c)-1.22and 0.1

b) 0.81 and 0.1
d) 2.44 and 0.2
[GATE - 2013]

For a parallel plate transmission
line, let v be the speed of
propagation and Z be the

characteristic impedance.
Neglecting fringe effects, a reduction
of the spacing between the plates
by a factor of two results in

(A) halving of v and no change in Z
(B) no change in v and halving of Z

(C) no change in both vand Z
D) halving of both v and Z

[GATE - 2014-1]

A
The input impedance of a 3 section

of a lossless transmission line of
characteristic impedance 50 Q is
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Q.30

Q.31

Q.32

found to be real when the other end
is terminated by a load ZL(R + jX) Q
ifXis 30 Q, the value of R (in Q)
is

[GATE - 2014-1]

To maximize power transfer, a
lossless transmission line is to be
matched to a resistive load
impedance via a 1/4 transformer as
shown.

lossless transmission line

1./4 transtorme

L

ro—

The characteristic impedance (in (1)
of the A/a transformer is .
[GATE - 2014-2]

Z,-500 — §z - 1000

In the transmission line shown, the
impedance Zin (in ohms) between
node Aandthegroundis___

[

[GATE-2014-2]

In the following figure, the
transmitter Tx sends a wideband
modulated RF signal via a coaxial
cable to the receiver Rx. The output
impedance Zr of Tx, the
characteristic impedance Zo of
the cable and the input impedance
Zr of Rx are all real.

Transmilter Re ceiver

Characteristic Im pedance=7,;

L T
2 { L

}xg

)_

f RX

Which one of the following

statements is TRUE about the

distortion of the received signal due

to impedance mismatch?

a) The signal gets distorted if Zr #
Zo, irrespective of the value of Zr

X 1 =

Q.33

Q.34

b) The signal gets distorted if Zt #

Zo, irrespective of the value of Zr

c) Signal distortion implies

impedance mismatch at both
ends: Zt # Zoand Zr# Zo

d) Impedance mismatches do NOT

result in signal distortion but

reduce power transfer efficiency

[GATE-2014-3]

A coaxial cable is made of two brass
conductors. The spacing between
the conductors is filled with Teflon
(4= 2.1, tand = 0). Which one of the
following circuits can represent the
lumped element model of a small
piece of this cable having length Az ?

a)
Raz/2 LAz/2 Raz/2 Laz/2

oA mjlj VW BnnE —o
GAz 2
Z

CAz

Raz /2 LAaz/2 /7 LaAz/?
O—"MAN—TE00 F:|j’ W T —O

T

Az
c)
Laz /2 Laz/2
HOOn rHOnn—o
a.>
GAz }} _1 ChAz
: o
Az |
d)
RAz LAz
O—— AN — T T ——0
GAzS = CAz
: [
P = |

[GATE-2015-3]

Consider the 3 m long lossless air
filled transmission line shown in the
figure. It has a characteristics

© Copyright Reserved by Gateflix.in No part of this material should be copied or reproduced without permission



GAIRIX

Q.35

Q.36

Q.37

impedance of 120w (), is terminated
by a short circuit , and is excited
with a frequency of 37.5 MHz. What
is the nature of the input impedance

(Zin)?
[

Z 3m

Z =0

a) Open
c) Inductive

b) Short
d) Capacitive
[GATE-2015-3]

A coaxial capacitor of inner radius 1
mm and outer radius 5 mm has a
capacitance per unit length of 172
pF/m. If the ratio of outer radius to
inner is doubled, the capacitance per
unit length (in pF/m) is .
[GATE-2015-3]

A 200 m long transmission line
having parameters shown in the
figure is terminated into a load Ru.
The line is connected to a 400 V
source having source resistance Rs
through a switch which is closed at t
= (0. The transient response of the
circuit at the input of the line (z = 0)
is also drawn in the figure. The value
of R. (in 2) is

V(o)
R -1500 % l 100V
: < R, =500 s
£, =225 SRy
62.5V
V=400V —
«—200m—s
z=0 z=L 70 tlus)

[GATE-2015-3]

The propagation constant of a lossy
transmission line is (2 + j5) m1 and
its characteristic impedance is (50+
jO0) w at w = 106 rad s'1. The values of
the line constants L, C, R, G are,
respectively,

a) L =200 pH/m, C= 0.1 uH/m, R=

50 Q/m, G=0.02 S/m

Q.38

Q.39

b) L =250 pH/m, C= 0.1 uH/m, R=
100 Q/m, G=0.04 S/m
c) L=200puH/m,C=0.2 uH/m, R=
100 Q/m, G=0.02 S/m
d) L =250 uH/m, C= 0.2 pH/m, R=
50 Q/m, G=0.04 S/m
[GATE - 2016-1]

A lossless micro strip transmission
line consists of a trace of width w. It
is drawn over a practically infinite
ground plane and is separated by a
dielectric slab of thickness t and
relative permittivity &, >1. The
inductance per unit length and the
characteristic impedance of this line
are L and Z,, respectively.

W €=¢)
|
e=gi€,; €.>1 t,f
Which one of the following

inequalities is always satisfied?

a)Z, > Lt b)Z, 6 < Lt
\ €06, W \ €08, W
92, > | 4z, < |2
€,€,t €y€,t

[GATE - 2016-2]
A microwave circuit consisting of
lossless transmission lines T1 and T2
is shown in the figure. The plot
shows the magnitude of the input
reflection coefficient I' as a function
of frequency f. The phase velocity of
the signal in the transmission lines
is2x 108 m/s.

Input T, Length = I'm T, Length =L

o) 7500 ) 7,-500 )}
r .J__ L Open
r - 500 =

| T {reflection coelMicient)|

0085 1T 15 2 15 finGHz

The length L (in meters) of T2is __
[GATE - 2016-2]
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Q.40 The voltage of an electromagnetic
wave propagating in a coaxial cable
with uniform characteristic
impedance V(I)=e """ volts,

Where 1 is the distance along the
length of the cable in meters.

y=(0.1+j40)m™is the complex
propagation constant, and
o=2nx10°rad/sis the angular
frequency. The absolute value of the

attenuation in the cable in dB/meter
is

[GATE - 2017-1]

Q41 A two - wire transmission line
terminates in a television set. The
VSWR measured on the line is 5.8.
The percentage of power that is
reflected from the television set is

[GATE - 2017-1]

Q.42 A lossy transmission line has
resistance per unit length R =
0.05Q/m The line is distortionless
and characteristic impedance of 50Q
The attenuation constant (in Np/m,
correct to three decimal places) of
the lineis___./m.

[GATE - 2017-1]
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ANSWER KEY:

1 [ 2 3 [4[5]6 7 [ 8[9[10]11] 12 [ 13 14
()| (b) | (c) | (b) () [(@ ]| (d |(d)]|(@)][()][(Db)]| (d (a) (d)
15| 16 | 17 |18 [19 [ 20| 21 [22 [23 |24 [ 25| 26 | 27 | 28
(d | (b) | (d | () [(d)]|[(d)]| (d [(b)|(d]|@] ()] (b) (a) (b)
29 | 30 [ 31 [32[33 34| 35 (3637 [38[39| 40 | 41 | 42
40 [ 707 333 [ () | ) | (d) [ 1202 ] 30 | (b) | (b) | 0.1 | 0.868 | 49.82 | 0.001

EXPLANATIONS

2r A

Q.1 (b) For Yd ﬂd ZTXE: T
Zy=~1Zoc Zs .
ocse Z[Z, +]Z, tan Bd]
= /100x 25 Zy= 7 + 17 tan 4
Z, =10x5=50Q o +J2 10
_ 50[100 + j50tan «t]
0z () °  (50+ j100tan )
S:T_? =100
T L1
=T Z, 100
1;:0-5 For Y ﬁd:%[xg:%,ZL—w
Ff:rzzozs

z [ZL +jZ, tan ﬂ

. 25% of incident power is reflected Z, = ° = jz,
{ZO +JZ, tan ”}
Q3 (o) 4
1 1 .
Q4 (b) Y, —Z—s—j—zo——O.OZJ
Q.5 (d) . Y :Yd +YS
=0.01-0.02j
Q6 (a)
Q7 (d)
_1+T
PT1T
= 2 _+r
1-T
= 1“:1
3
Pref — 1—~2 :1
P 3
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=S 11.11% of Pi is reflected

Q8 (d)

Q9 (a)
Movement on const. r-circle by an

/45" in C.W. direction. R is same
and reactance increases i.e. addition
of induction in series with Z.

Q.10 (c)

Q.11 (b)
Q12 (¢

Z..=2Z,1S
As minima is at load,

"2, =2, 540—125£2

Q.13 (a)

Q.14

Q.15

Q.16

Q.17

Z,-7Z, 125-50
©Z,+Z, 125+50

[=-0.6

(d)

Zg =Zoc Ly

5050

¢ 100+ j150

50

243

_50(2-3j)

L

Z. =7.69-11.54]

(d)

3oV 7, =500 7,

V=40V
- 1=400 pus

N
1 Z -50

3 Z,+50
= 7, =100Q

(b)
30

|, =—=0.3A
100

(d)

Ald "

Z,=50 RE  Zn,

>

2
Z

L

50°
R,due to 100Q = —=25
100

2
R, due to 200Q _0 %
200 2
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25 25
=R,|[R,=25|==22
R ”2 3
50)°
7. =59 3000
25/3
~r-b%
Z,+ 27,
300-50 5
300+50 7
Q.18 (b)

The line is terminated with 50() at
the center and so matched on both
the sides.

Q.19 (d)

Q.20 (d)
f =3GHz

C 21
X:—’ = —
f P A

_ 2zfl
C

21x3x10°
=T _36°
5

Input impedance
z - ZO[ZL +jZ, tan Blj

Bl

Z,+]jZ tanpl
Given that Z =0,Z,=75Q
7 _ Z,JZ,tanpl
in ZO
= jZ, tan Bl
= jx 75x tan 36°
= j54.49Q
Hence , input impedance is
inductive.
Q.21 (d)

2 (100’
Z =£=—( ) =200Q

L 50

2 (100)°
Z,= 4L = u =200Q

ZZ

Q.22

Z,=2,1|1Z,=100Q

A )

| 250
ZL

a) X, y, z components
b) X, y components
c) y, Z components
d) x, z components

(b)

Short

Z,=30Q Im

Z,
Z=60Q Z, Z,=302Q| |Z =300
5 wﬂ—-—-—b :
MA
z -2, Z + !ZO tan 1
Z,+]Z, tanpl

Input impedance

0+ j30tan (2;) @J
Z,=30

' 30+0
= Z,=j30
30+ j30+/2 tan (2;)(2)
Z,=30\2 vy
304/2 + j30tan (“j(j
A8
30 + j30\/§
_ 30\/5 tanw/2
30v2 +]30
tanmw/2
= 60Q
(30v2 )2
Oor, Z,=——2=60Q

Load impedance,
Z =2,+7Z,=j30+60
Magnitude of reflection coefficient,
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Q.23

Q.24

|z, -z,| |60+ j30-60|

P ~|z.+2,|” |60+ 30+ 60|
oo | |
1120+ j30| |4+ |
1 1
J16+1 V17
VSWR on 60Q line,
L
VsWR — 1HPl_ T AT 6
ol L
17
(d)
For distortion less transmission line,
LG=RC= L = R
C G

Characteristic impedance,

-
C G

Attenuation constant,

o= JRG = VR, /5
ZO
R _01

Z, 50

=0.002Np/m

(a)

VSWR = 5= THIT
1-|T|

If maximum is at A/4 from load then
minimum will be at load itself

Reflection coefficient T = |1“|ej"

Where , 0= 7200 Xm _1
4

X, =distance of minima from load
Here X, =0
So, 8 =-180°
Therefore, T =|Ie”"*"
2

=>T'=——
3

Q.25

Q.26

Q.27

Q.28

Q.29

2 .2,-2, Z,-50
3 Z +Z, Z,+50
=7, =10Q

Now

Q)

Phase difference :ZTE (path

difference)
T

= —=2—“(2x10-3)
4 A
S A=8x2x10"°
=16x10"°m
f =10GHz =10x10°Hz
Hence the phase velocity of wave
along the line is

v=fAL=10x10°x16x107°
v=1.6x10m/s

(b)
(a)
VSWR = M
1-|T|

Only options (a) satisfy this
l+.01:£:1.22
1-0.1 0.9
(b)
Z0 = @ |og (gj

Jeo o\
d - distance between the two
plates
so, Z, — changes, if the spacing

between the plates changes.

V= L—>independent of spacing

JLC

between the plates

(40)

Given,{’:%
Zo=50 Q
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| ZSO{ZL +J50} Z;, =JZ,tanpl
S0+JZ, B1=2_:_1=2_”(3)=%”
Z, +350 50-3z, 8
= X 3)(108
50+JZ, 50-JZ, A= — =8
SV 37.5x10
7 —50 50Z_+50Z, +j(50°-Z}) Short circuited line
" 50° + 22L

0< [31E — inductor
Given, Z;, —» Real 2

S0, Img (Zin) = 0 T <Bl<n — Capacitor

502— Z7 =0
72 = 502
R? = 50% — X2 = 502 — 307 Q.35 (120.22)
R=400Q 2mel
C="m
In| =
Q.30 (70.7) (aj
Here impedance is matched by using
C_ 2ne _ C
QWT (%) | _|n(bj_ 1
2y =21 Lin a
=100 x 50 =502 c |n(b2a)
=Zy =70.7Q =
C, In( 1a )
Q.31 (33.33) !
A |n(1y
Here | == 172pF _ 1
2 c, In(
Z. | = >\’ = Z = 509
o1 =73)-2 c, =0 1750e
- Z,, =(1001|50) In(10)
C, =120.22pF
- % =33.330 i
Q.36 (30)
Q.32 (c) [s 5z
Signal distortion implies impedance N — 100
mismatch at both ends.i.e., "1':"'-—--______Eg
Zt # Zo 106 EIID?_L__-:: 1
e
Zr # Zo _—
2 f:___________@lﬁl 100)
Q.33 (b) 625 3
Loss tangent tand = 0 = o s
we z=0 =7
=0 Given V(t=2 ps,Z=0)=62.5
G - Conductivity of the dielectric 62.5=V(t=0,2=0)+V(t=1z=0)+V(t=2,2=0)
materia’_ . 62.5=100+
Q.37 (b)
Q34 (d) We know
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Q.38
Q.39

Q.40

Q.41

Q.42

5=(R+joL)(G+joL)....(1)

R+ joL
Zo= |[——— . 2
0 \/G+ij )

From (1) and (2)

R+ joL=2z,x8=50x(2+j5)
=R =100Q/m & L = 250pH/m
From (1) and (2)

G+jooc=i= 2+)5
z, 90
=29 e c01uF/m
(b)
(0.1)

0.8686 (0.85-0.88)
Given y =(0.1+ j40)m™

Here o = O.loop /m

We know that 10)p /m=28.686dB/m

0.1o, / m = 0.8686dB /M

49.82 %(48.0-51.0)

Percentage of power reflected is
[’ x100

|- VSWR -1
VSWR +1
_58-1_48_ 0.7058
58+1 6.8

% Power reflected
IT|" x100 = 49.82%

0.001

Given R =0.05Q/m

Condition for distortion
transmission line

Alternation constant=+RG

_ /0.05X0.05 _ 0.05 _0.001
50x50 50
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EX oo

EM waves cannot travel like a single ray or
a uniform beam as discussed in the
previous sections. EM wave tends to open
out by forming spherical wavefronts and
hence reducing the power density of the
wave as its travel forward.

NSO
wave / / / / / / / /‘L Behaviour

Practical
Behaviour

A waveguide can be used to confine the
wave within the stipulated limits and can
therefore give directionality for a wave.
This helps the EM wave to have same
power density without having to get
weakened.

The most popular waveguides are:

Parallel Plane waveguides - for 1-
dimensional restriction of the wave.

Rectangular waveguides - for 2-
dimensional restriction of the wave.

7.1 PARALLEL PLANE WAVEGUIDES:

Consider a wave having E(x, z, t)/H(x, z, t)
between two infinite conducting sheets at
x=0andx=a

/GUIDE—l
x=a d“cxo'cs

1
e \ ?eﬁec‘ C:\)ﬁ“e&

x=0

The wave is assumed to expand in x-
direction only and not in y-direction and
wave is expected to propagate in the z-
direction. The boundary conditions for ‘@’,
the conductor can be defined as Ewan =0, i.e.
no E-field can exist parallel to the
conductor of surface.

7.2 WAVE BEHAVIOUR BETWEEN
GUIDES:

2
When 7 = \/(%) — 0,

There are only two possibilities for y

2
- —_— mTt 2
i.e. y=real when | — | > o"u,g,
a

=a+]J0

= only attenuation of E field but no wave or
phase changes exist.

¥ =imaginary when o’u,g, > (%)

~0+jp

= An un-attenuated wave exists.
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7.3 CUT-OFF FREQUENCY

For wave propagation to exist between the
guides, the frequency ‘o' should be
sufficiently large enough, else there cannot
be wave propagation possible. Every guide
has a cut-off frequency below which waves
cannot propagate in the guide.

2
2 mn
O Mgy > | —
a

mm

a4/Mo€o

>

o, = cut —off frequency

mmnc
0, =—
a
g _me
2a
: 1
¢ = freespace velocity =
VHo€o
M. :ﬁ m = integer 0, 1, 2, 3
m

74 PHASE VELOCITY & GUIDE
WAVELENGTH:

The velocity of the wave when
represented as phase velocity

guided propogation

N

propagation direction of the wave

The V, expression can be rewritten as,

The wavelength of the wave in the guide is
therefore larger than that in free-space
due to the increased phase change, such
that exactly at the guide walls E field has
zero value.

C
V, = :
1-|_Mr_
aAm4/He€g
c
V, = :
B
®
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As seen in the above equation, Vp >V,

implies that the phase changes of the wave
are faster than in free space. The wave has
a dynamic change in rate of phase change

with distance (B) that is essential to

satisfy the boundary conditions at the
conducting walls.

7.4.1 GROUP VELOCITY

The velocity of a wave can be expressed as

()
Vv ==
"B

When the phase changes with time and
space are linear to each other i.e. Boc®.

Otherwise, in all other circumstances term
group velocity is used to represent the
propagation rate.

In guided waves as A is increased due to

changes in phase with space being
changed, vg represents the energy
propagation rate such that

2
VpVg =C
Hence
\G::ccose

Hence, no propagation exists exactly at
cut-off frequencies.

7.5 WAVE ANGLE

Every wave above f_ travels along the

guide axis in a pre-determined angle that
depends on how largeris fover f_. At exact

f. there is no propagation along the axis

but oscillates.

fI fII fIII
f,
0
When
f =M FUsfrsfisf,
2a

The angle made with the guide walls is
called as wave angle, such that

sh]G::IQ
f
=V, -
cos0
=
cos0

Note that f=f, 6=90° and as the

frequency increase angle made with the
walls decreases.

7.6 MODES OF OPERATION
f.= me whenm =1

2a
f=2

2a

is the least cut-off frequency of the guide
and all the frequencies above f, and below
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2f, propagate in the guide as shown

below.

/v B l\{ﬁe\d P propagaﬂﬂn
{

»
P

z,- direction

Similarly all frequencies from 2f_ to 3f,

propagation as shown. They have their
own wave angles depending on their
frequency.

7.7 RECTANGULAR WAVEGUIDES

A parallel plane waveguide confines waves
in one dimension only. A more practical
waveguide needs to confine the wave in
both the dimensions and allow
propagation in one dimensions.

A rectangular waveguide has two sets of
finite conducting sheets as shown below.

propagation
Lo

A
a
v /
Z

propagation

[—-—

Both x and y dimensions are restricted by

m n
the sheets and hence vy, = ~Zand Y, = -z
a

b

Propagation constant

N (LN
Y= 3 b Ho€g

Cut-off frequency of the guide is

o[22 |
I GEGI;

© 21

Phase velocity of the guide is

Wave angle
sinf = f.
f
TE/ TM/ TEM waves in guided conditions
E, (x.y.2).E, (x,y.2).E,(x,Y,2)

H, (x,y.2),H,(x,y,2),H,(x,y,2)
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7.8 TE WAVES IN RECTANGULAR
WAVEGUIDES

E.=E, %}cos(mxjsin(n—;y}ﬂ
a

‘mn] . (mn nm oz
E,=E, T}sm[—xjcos(ije !

7.9 DOMINATE MODE OF TE WAVES
Whenm=0andn=1

nm| . (nm
E =E | —|sin| —y|e™
X x0|: b } ( b YJ
nt|. (nm o
H,=H, [T}sm[ryje !

H, =H,, cos (n—gt yj e

Whenn=0andm=1

H, = H, [m_Hm_j
a a

mr| . (mn_ ) _
E,=E,|—[sin| —Xx |e”
a a
mr_ )
H,=H,, cos(—xje &
a

The dominant mode is TE10 or TEo1

The existing modes are TEmo or TEon and
TEmn

7.10 TM WAVES IN RECTANGULAR
WAVEGUIDE

E.=E, m} cos(mxjsin(n—nyj e
| a a b
E, =E, %}sin (%xjcos(n—syje”
E,=E, sin(mx)sin (ﬂ yje‘yZ
a b
H,=H, [n—n}sin (mxjcos(n—nyjeyZ
b a b
H, =H,, [%}cos(?xjsin(%ﬂyjeﬂ

7.11 DOMINATE MODE IN TM WAVES

When m = 0 or n = 0, all components of E
and H vanish. Dominant mode is TM11. The
existing modes are TMmn only.

7.12 NUMERICAL APERTURE

The most important parameter of an
optical fiber is its numerical aperture
(NA). The value of NA is decided by the
refracted indices of the core and the
cladding.

By definition, the refractive index n of a
medium is defined as

_ speedof lightin vaccum
speed of lightin medium

1
__C _ & (1)
Hen 1
Unm

Since p, =, in most practical cases,
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n:\/gzﬁ (2)
&g

indicating that the refractive index is
essentially the square-root of the
dielectric constant.

Keep in mind that ¢, can be complex. For

common materials, n = 1 for air, n = 1.33
for water, and n = 1.5 for glass.

As a light ray propagates from medium 1
to medium 2, Snell’s law must be satisfied.

n,sin®, =n,sino, (3)

Where 0, is the incident angle in medium
1 and 6, is the transmission angle in

medium 2.

The total reflection occurs when 6, =90°,

resulting in

N
0,=0, =sin"—%
nl

(4)
Another way of looking at the light-guiding

capability of fiber is to measure the

acceptance angle ©0,, which is the

maximum angle over which light rays
entering the fiber will be trapped in its
core. We know that the maximum angle
occurs when 0, is the critical angle, there

by satisfying the condition for total
internal reflection. Thus, for a step-index
fiber.

NA =sin0, =n,sin0, =,/n’-n2  (5)

Where n, is the refractive index of the core
and n, is the refractive index of the

cladding as shown in figure.

Since most fiber cores are made of silica
n,=1.48. Typical values of NA range

between 0.19 and 0.25. The larger the
value of NA, the more optical power the
fiber can capture from a source. Because
such optical fibers may support the
numerous modes, they are called multi-
mode step-index fibers. The mode volume
V is given by

v=%o| n?-n’ (6)

\  noxl n,— —cladding
/

: n,
0 N
al 5}
\, A c
“ core A1

Where d is the fiber core diameter and A
is the wavelength of the optical source.
From equation (6), the number N of modes
propagating in a step-index fiber can be
estimated as

N=— 7
> (7)

7.13 ATTENUATION

Attenuation is the reduction in the power
of the optical signal. Power attenuation (or
fiberloss) in an optical fiber is governed by

dp_

- 8
4 P (8)

Where athe attenuation and p is the
optical power. In equation (8), it is
assumed that a wave propagates along z.
By solving equation (8), the power p (0) at
the input of the fiber and the power p (1) of
the light after | are related as
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p(l)=p(0)e* 9)

[tis customary to express attenuation a in
decibels per kilometer and length I of the
fiber in kilometers. In this case equation
(9) becomes

p(0)

o, =10log,,—=

| glO p(l)
Thus, the power of the light reduces by o
decibels per kilometer as it propagates,

through the fiber. Equation (10) may be
written as

p(p) — p(O) :10—(1”10
For | =100km

p(0) [10™® Forcoaxialcable
p(l) [10?  ForFiber

Deciding that much more power is lost in
the coaxial cable than in fiber.

7.14 DISPERSION

The spreading of pulses of light as they
propagate down a fiber is called
dispersion. As the pulses representing Os
spread, they overlap epochs that represent
1s. Dispersion is beyond a certain limit. It
may confuse the receiver. The dispersive
effects in single mode fibers are much
smaller than in multimode fibers.




GAIEHIX

GATE QUESTIONS

A rectangular waveguide has
dimensions 1cmx0.5¢cm, Its cut-off
frequency is
a) 5 GHz

c) 15 GHz

b) 10 GHz
d) 12 GHz
[GATE - 2000]

A TEM wave is incident normally
upon a perfect conductor. The E and
H fields at the boundary will be.
Respectively,
a) minimum and minimum
b) maximum and maximum
¢) minimum and maximum
d) maximum and minimum

[GATE - 2000]

The dominant mode in a rectangular
waveguide is TE,, because this

mode has

a) no attenuation

b) no cut-off

c) no magnetic field component

d) the highest cut-off wavelength
[GATE - 2001]

The phase

propagating

waveguide is

a) greater than the velocity of light
in free space

b) less than the velocity of light in
free space

c) equal to the velocity of light in
free space

d) equal to the group velocity

[GATE - 2001]

velocity of waves
in a hollow metal

The phase velocity for the TE,

mode in an air-filled rectangular
waveguide is

a) Lessthanc b)equaltoc

c) Greater to c d) none of the above

Q.6

Q.7

Q.8

Note: (c is the velocity of plane
waves in free space)
[GATE - 2002]

A rectangular metal wave guide
filled with a dielectric material of

relative permittivity €, =4 has the
inside dimensions 3.0cmx1.2cm. The

cut-off frequency for the dominant
mode is

a) 2.5 GHz
c) 10.0 GHz

b) 5.0 GHz
d) 12.5 GHz
[GATE - 2003]

The phase velocity of an
electromagnetic wave propagating
in a hallow metallic rectangular
waveguide in the TE,, mode is

a) equal to its groups velocity

b) less than the velocity of light in
free space

c) equal to the velocity of light in
free space

d) greater than the velocity of light
in free space

[GATE - 2004]

Which one of the following does
represent the electric field lines for
the TE;,, mode in the cross-section

of a hollow rectangular metallic
waveguide?

LT

Yy 4

YYYYVYYYY

b)

© Copyright Reserved by Gateflix.in No part of this material should be copied or reproduced without permission
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Q.9

Q.10

Q.11

y A

(L

e

mrm

>

d)

[GATE - 2005]

In a microwave test bench, why is
the microwave signal amplitude
modulation at 1 KHz?
a) To increase the sensitivity of
measurement
b) To transmit the signal to a far -
off place
c) To study amplitude modulation
d) Because crystal detector fails at
microwave frequencies
[GATE - 2006]

A rectangular waveguide having
TE,,mode as dominant mode is
having a cutoff frequency of 18-GHz
for the TE;, mode. The inner broad-

wall dimension of the rectangular
waveguide is

a)5/3 cms b) 5 cms

d)5/2 cms d) 10 cms
[GATE - 2006]

The [IE field in a rectangular

waveguide of inner dimensions

axb is given by

r $

E =m—?(£jHosin(2ﬂjsin(wt—Bz)y
h“\a a

Where Ho is a constant, and a and b

are the dimensions along the x-axis

and the y-axis respectively. The

mode of propagation in the
waveguide is.

a) TE,, b) TM,,

c) TM,, d) TE,

[GATE - 2007]

Q.12

Q.13

Q.14

Q.15

An air-filled rectangular waveguide
has inner dimensions of 3cm x 2 cm.
The wave impedance of the TE,,
mode of propagation in the
waveguide at a frequency of 30 GHz
is (free space impedance n, = 3772

)
a) 308Q b) 3550
¢) 400Q d) 4610

[GATE - 2007]

A rectangular waveguide of internal

dimensions (a = 4cm and b = 3 cm)

is to be operated in TE,, mode. The

minimum operating frequency is

a) 6.25 GHz b) 6.0 GHz

c) 5.0 GHz d) 3.75 GHz
[GATE - 2008]

Which of the following statements is
true regarding the fundamental
mode of the metallic waveguides
shown?

@::::::::::(T)O O

F: Coaxial Q2: Cylindrical

R: Rectangular
a) Only P has no cutoff-frequency
b) Only Q has no cutoff-frequency
c) Only R has no cutoff-frequency
d) All these have cutoff-frequency
[GATE - 2009]

The modes in a rectangular
waveguide are  denoted by
TE,,/ TM,,, where m and n are the

eigen numbers along the larger and

smaller dimensions of  the

waveguide respectively. Which one

of the following statement is TRUE?

a) The TM10 mode of the waveguide
does not exist

b) TheTEi0o mode of the waveguide
does not exist

© Copyright Reserved by Gateflix.in No part of this material should be copied or reproduced without permission
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Q.16

Q.17

Q.18

c) The TMio and the TEio modes
both exist and have the same
cut-off frequencies

d) The TMio and the TMo1 modes
both exist and have the same
cut-off frequencies

[GATE - 2011]

The magnetic field along the
propagation direction inside a
rectangular waveguide with the
cross - section shown in figure is
H, =3c0s(2.094 x10%x) c0s(2.618x10%y)

c0s(6.283x10"t —Bz)

YA
1.2cm
» X
3cm
a) vV, >C b) v, =c
c) 0<v,<c d) v,=0

[GATE - 2012]

A two-port network has sattering

Sll S12 :|
SZl SZZ

, If the port -2 of the two-portis
short circuited, the S11 parameter for

the resultant one-port network is
Sll - S11822 + S12821

parameters given by [S] = {

a
) 1+S,,
b) Sll — S11822 — S12821
1+S,,
C) S11 — S11822 + S12821
1-S,,
d) S11 — S11822 + S12821
1-S,,

[GATE - 2014-1]

Which one of the following field
patterns represents a TEM wave
travelling in the positive x direction?

a) E=+8yPH = 49
b) E=-25PH=-39

Q.19

Q.20

Q.21

Q.22

¢) E+23 H=12y>
d) E=-3yPH = +4%
[GATE - 2014-2]

For a rectangular waveguide of
internal dimensions axb(a>b) the

cut-off frequency for the TE11 mode
is the arithmetic mean of the cut-off
frequencies for TE10, mode and TEz2o

mode. If a = \/g cm, the value of b (in
cm) is
[GATE - 2014-2]

Consider an air filled rectangular
waveguide with a cross-section of 5
cm x 3 cm. For this  waveguide, the
cut-off frequency (in MHz) of TE21
mode is

[GATE - 2014-3]

The longitudinal component of the
magnetic field inside an air-filled
rectangular waveguide made of a
perfect electric conductor is given
by the following expression

H, (X,y,z,t) =0.1cos(25nx) cos(30.3ry)

cos(12nx10°t —Bz)(A/ m)
The cross-sectional dimensions of
the waveguide are given as a =
0.08m and b= 0.033m. The mode of
propagation inside the waveguide is
a) TM,, b) TM,,
c) TE,, d) TE,,

[GATE - 2015-1]

An air - filled rectangular waveguide
of internal dimensions
acmxbcm(a>b) has a cutoff

frequency of 6 GHz for the dominant
TE10, mode. For the same
waveguide, if the cutoff frequency of
the TM11 mode is 15 GHz, the cutoff
frequency of the TEo1 mode in GHz is

[GATE - 2015-2]

© Copyright Reserved by Gateflix.in No part of this material should be copied or reproduced without permission
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Q.23 Light from free space is incident at

an angle 0, to the normal of the

facet of a step-index large core
optical fibre. The core and cladding
refractive indices are n, =15 and

n, =1.4, respectively.

)
- fy  (cladding) /
! (core)
f f |
. |
Light \

The maximum value of 6; (in
degrees) for which the incident light
will be guided in the core of the
fibre is .

[GATE - 2016-2]

Q.24 An optical fiber is kept along the Z

Q.25

direction. The refractive indices for
the electric fields along X and y

directions  in the fiber are nx =
1.5000 and ny = 1.5001 respectively
(n, #n due to the imperfection in

the fiber cross-section). The free
space wavelength of a light wave
propagating in the fiber is 1.5 pm. If
the light wave is circularly polarized

at the input of the fiber, the
minimum  propagation distance
after which it becomes linearly
polarized, in centimeter, is

[GATE - 2017-1]
Standard air - filled rectangular

waveguides of dimensions a = 2.29
cm and b= 1.02 cm are designed for
radar applications. It is desired that
these waveguides operate only in
the dominant TE10 mode but not
higher than 95% of the next higher
cutoff frequency. The range of the
allowable operating frequency fis.

Q.26

Q.27

a) 8.19GHz <f <13.1GHz
b) 8.19GHz < f <12.45GHz
c) 6.55GHz <f <13.1GHz
d) 1.64GHz <f <10.24GHz

[GATE - 2017-2]

The permittivity of water at optical
frequencies is 1.75 g, It is found that

an isotropic light source at a
distance d under water forms an
illuminated circular area of radius
5m, as shown in the figure. The

critical angle is 0,

Light
Source

The value of d (in meter) is

[GATE - 2017-2]

The cutoff frequency of TEO1 mode
of filled rectangular
waveguide having inner dimensions
acm x b cm (a > b) is twice that of
the dominant TE10 mode. When the
waveguide is operated at frequency
which is 25% higher than the cutoff
frequency of the dominant mode,
the guide wavelength is found to be
4 cm. The value of b (in cm, correct
to two decimal places) is __.

an air

[GATE - 2018]

© Copyright Reserved by Gateflix.in No part of this material should be copied or reproduced without permission



GAIEHIX

Q.28 The distance (in meters) a wave has
to propagate in a medium having a
skin depth of 0.1m so that the
amplitude of the wave attenuates by

20 dB, is

a) 0.12
¢) 0.46

b) 0.23
d) 2.3

[GATE - 2018]

ANSWER KEY:

1] 2[3[4][5] 6 | 7] 8 9 |10 [11]12] 1314
Q@ W @ @@ [ @@ |@]F]|@]|@®
15 |16 |17 |18 |19 | 20 |21 ] 22 | 23 | 24 |25 26 | 27 |28
@@ |m|[m]| 2 |70 (©]137]325]0375]| (b) [4.33 | 0.75] (b)
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Q.1

Q.2

Q.3

Q.4
Q.5

Q.6

EXPLANATIONS

(0)

A, =2a

(For TE,;domain mode)
=2xlcm

=2x107m

3 3x10°8

= =15GHz
X

(a)
For good conductors

_uis z
E=¢, e cos(mt—gja

X

1

\/fuc

Showing that & measures the
exponential damping of wave as it
travels through the conductor

~ E & H ie. electric and magnetic
fields can hardly propagated
through good conductors.

Where, 6 =

(d)

Domain mode in WG has lowest cut-
off frequency and hence the highes
cut-off frequency and highest cut off
wavelength.

()
(@
V

V = —&

2
1+(f°j
f
For TE,f < f
=V, >V,

()

Q.7
Q.8
Q.9

Q.10

Q.11

Q.12

_2a
E)

o 3x10° 1
©18x10° 60

)

3 x10°
3x107
=10""Hz
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n' = n
2
=
f
3 377
10 \2
1- Lm
3x10
n' = 400Q
Q.13 (a)

Minimum operating frequency

)

For TE,, mode,

3x10° [ 1 T ( 1 jz
f, = +
2 0.04 0.03

B 3x108 y 0.05
2 0.04x0.03
=6.25GHz
Q.14 (a)

P is coaxial line and support TEM
wave . P has no cut-off frequency Q
and R waveguides and cut-off
frequency of each depends upon
their dimensions.

Q.15 (a)

In case of rectangular wave guide
TE,, exist for all values of m and

except m=0 and n=0 For TE_, to

exist both values of m ad n must be
non zero.

Q.16 (a)
Phase velocity is always greater
than C inside a waveguide while
group velocity is always less than ¢
is inside a waveguide.

Q.17 (b)

—
b, +—

Two part
Network

+—— a,
*h

bl =851,8; 15,4,
bz =5,18; 15,3,

PHS S}HS b
b2 SZl SZZ a2 ' a'l

By verification Answer B satisfies.

a,=0

Q.18 (b)
For TEM wave
Electric field (E), Magnetic field (H)
and Direction of propagation (P)
are orthogonal to each other.
Here P = + ax
By verification
E=-20,H=-30,

ExH:—ay’x—aZy =+a, > P

Q.19 (2)

Given t , = =———*=
2

1 1 K[l 2}

\K/_2+_2:_ P

a b 2la a

1,1_3

a’ b* 2a

11 9 1 9 1

5 b7 4(5) 5 20 b

-0.2+0.45=%

.'.%:2—12:b:2cm

Q.20 (7810MHz)
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S BEE

3x10% (2)2 (1)2

— + —

2 5 3
=1.5x10"/0.16 +0.111

=0.52x1.5x10%
=7.81GHz
=7810MHz.

Q.21 (C)

mmnx
a

”Lb-‘/ =30.3ty =n=30.3b=1

=25nx =>m=25=2

Q.25

Given is Hz means TE mode

-.mode=TE,,
Q.22 (13.7)
TE, TE,,
L
“ofue\la b C 2 b
1JT f =137GHz
a=—
40
TE,
8
15x10° = X190 /iz+i2
2 Va" b
:1:91.65
b
Q.26
Q.23 (32.58)

IR 2 2
0, =sin"yn,” —n," =

sint/(1.5)2 — (1.4)2 =sin"*~/0.29 = 32.58

Q.24 0.375 (0.36-0.38)
The phase difference for linear
polarization should be m
So the wave must travel a minimum Q.27

distance such that the extra phase
difference of must occur m/2

T
Bylmin _Bxlmin =E

Imin %[ny _nx:| :g
2ml
-0

T
min 4|:ny_nx:|

-6
_15x10° 15 .,
4[0.0001] 4

=0.375x102m = 0.375cm

(b)
Cut off frequency of TE10 is

_¢c1
° 2a
3x108 1
= X
2 2.29x107°
=65.5x10°Hz

f

Since, b < a
2

Next higher mode is TE20

_c2

C|TE20 - E a

f <0.95x13.1=12.45GHz

=13.1GHz

4.33 (4.2-4.4)

. €
0, =sin™| 2%
gyl

=sin*! (Lj =49.106

VJ1.75

tan 6, _S_ 3 4.33m
d tan6,

0.75

Cut off frequency for TE,, = 2_Cb
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C 1

Cut off frequency for TE,, =— P

q y 0 =50 10
[tis gi h —az=In i
tis given that = 10
E_ £ 10z=2.3
b 2a 7=23_0.23m
a 10
2_9
b

Given waveguide frequency

f j(&}
4\ 2a

(25% higher than the cut off
frequency of dominant mode)

N

guide

:%:%m
3

Aoy = 3x4 _ 2.4cm
5

Ay =2.4x1.25=3
a=Xi,/2=1.5cm
b=0.75cm

Q.28 (b)

Skin Depth= ——
nfuc =0.1m

Attenuation constant

1
JJrfuo =—=10
nfuc o1

Amplitude of wave varies as e™**
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ANTENNAS

An interface between free-space and
transmission line that convert V/I waves
to E/H waves and vice-versa is called an

Antenna
V/1
waves
Transmission Free Space
Line

The process of converting V/I waves into
E/H waves is called as Radiation.

The process of converting E/H waves into
V/I waves is called as Induction.

8.1 RADIATED POWER OF A HERTZIAN
DIPOLE:

From E, and H¢ in the above equation,
. . 1 EH
Time averaged pointing vector= E oH,

Power Radiated

2
- J%EGH¢ =W, =80n’ (%j 1%

2
The term 80r? (%} is called Radiation

Resistance.

2
R, =80n° (%} when applied for a more

practical centre fed-dipole of very short
length dI.

2
(short dipole) R, = 20r (%j

2
(short monopole) R, = 107? (%)

8.2 RADIATION OF
DIPOLE:

HALF-WAVE

A more practical radiating device is a half
wave dipole or opened out transmission
line of length A/2corresponding to a
frequency ‘f’.

< o >

Th.

All practical antennas are some or other
modifications of the A /2 dipole.

Fields of a dipole are expressed as

cos Ecose
60l , 2

E —
0 r sin®
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cos( cos 9)
H = L 2 3. Radiation Intensity
¢ 2mr sin®
Power per solid angle
dw, 1E*(6,¢)

Power radiated W, = I%(EGH )ds =17 v(6,9)= i 2 n
Radiation Resistance of a dipole = 73Q ds =r”sin 6d6d¢ = r’dQ
Radiation Resistance of n dipoles in Where dQ =sin 6d0d¢

parallel | = (n2 X 73)Q
v(0,0)=

depends on '0' and '¢' only

' r? =independent of T’ and
S

8.3 BASIC TERMS AND DEFINITIONS IN
ANTENNAS W, = j (6,¢)sin 6dedd

sphere

1. Isotropic Radiator
4. Gain-(Directivity or power) Gains-

A hypothetical point source antenna that Directivity (Gp):

radiates in all directions equally and

uniformly. G. - Radiation intensity in a direction fromantenna
P Radiation intensity on an average
Power Density = —
4 w(0.6) _4my(0,6) _ 4my(0,0)
W, Wr j v (6,4)dQ
Power Gain
2. Radiation Power Density G - Radiation intensity in a direction from antenna
Power per unit area  Input power fed to the antenna on an average
r,0,
V(r,0,¢)= w, :1 (r.0.9) v(0.9) _ 4my (6,6)
ds 2 n W, W,
It is a function of distance and direction 4n
from the antenna. ) 4m|1(6, <|)) w
W = I (r,6,¢).r* sin 6dod¢ W, W,
sphere
Ay (0,0) .
Where, ds = r’sin0d0d¢ (incremental W (Efficiency)

r

surface of the sphere)
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Where Effeciency = ﬂ
W

in

W R

r r

"W +W, R, +R,

WL = power losses
G, = (Efficiency)G,

Directivity D = G, (maximum)

5. Radiation Resistance
6. Radiation pattern-Beam Angle
8. Effective Length

8. Effective Area

8.4 STUDY OF VARIOUS ANTENNA
8.4.1 YAGI-UDA ANTENNA:

e Active element is a folded dipole.
o Reflector (5% greater in length

than folded dipole) and directors
(5% decrease in length than folded
dipole) are the parasitic elements.
e Single reflector exists but multiple
directors are possible.
e A unidirectional or single beam

radiation pattern is formed.

8.4.2 HELICAL ANTENNA:

e A simplest antenna to produce
circularly polarized waves.
e It has two modes of operation:
a) normal mode b)
Axial mode

e When h<<Ait is normal mode as
radiation is normal to the axis of
the helix.

e Narrow band width and loss
radiation efficiency limit the usage
of this mode.

e When C is comparable to A it is
axial mode with spacing of A/4
between the turns of the helix.

8.4.3 SLOT ANTENNA:

e A sheet of metal with length A/2
and width d when removed from it
is called a slot antenna.

e The removed portion from the
metal is called the complementary

slot antenna
2

e 2.7 =1
4

Where Zc : impedance of complimentary
slot

Zs : impedance of slot
o Z =(73+j43)Q,
Z, =(363-j211)Q

8.4.4 LOG-PERIODIC ANTENNA:

e An array of dipoles whose lengths
& spacings are varied with
periodicity that changes or repeats
logarithmically.

. Sy Ly Ry 1

s, L R, =

n n n

e Thevalue of t liesbetween 0 and 1.

8.4.5 LONG-WIRE ANTENNA:
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e Any long wire of more than A/2
length is called as harmonic or
long-wire antenna.

e It may be Resonant or non-
resonant.

e Resonant: - Terminated with short
and open circuit.

e Non-Resonant: - Terminated with
characteristic impedance.

e E field relations for long wire

antennas:
e Resonant: -
nm
CcoS| — Cc0s 0
60l ( 2 j
E r’e, — rms -
( ¢) r sin©
n=odd

sin n—ncose
60|rms 2

r sin®
n=even

8.4.6 HORN ANTENNA

Used for microwave frequencies and more
an extended or flared out waveguide.

7.5A
G, = % ® Where A, =a..a,
8.4.8 LOOP ANTENNA

Works on the principle of induced voltage
due to EM waves

(Following Faraday’s Law)
Used for direction and sense finding.

Directivity D = 3/2 small loop
[c<<A]

0.68C
= large loop
A
[c>>A]
Radiation Resistance
2
R, = 31200{N—f\} small loop
A
C
R, =6000 [I} large loop
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Q.1

Q.2

Q.3

Q.4

Q.5

GATE QUESTIONS

For an 8 feet (2.4m) parabolic dish

antenna operating at 4 GHz, the

minimum distance required for far

field measurement is closed to

a)7.5cm b) 15 cm

b) 15 cm d) 150 cm
[GATE - 2000]

If the diameter of a A/2 dipole
A

antenna is increased from —— to

100
A. then its
50

a) bandwidth increases
b) bandwidth decreases
c) gain increases
d) gain decreases
[GATE - 2000]

The frequency range for satellite
communication is
a) 1 kHz to 100 kHz
b) 100 kHz to 10 kHz
c) 10 mHz to 30 mHz
d) 1 GHz to 30 GHz
[GATE - 2000]

In a uniform linear array, four
isotropic radiating elements are
spaced A/4 apart. The progressive
phase shift between the elements
required for forming the main beam
at 600 off the end - fire is:

a) —T radians b)—m/2 radians

c) ~T radians d) ~T radians
4 8

[GATE - 2001]

A medium wave radio transmitter
operating at a wavelength of 492 m
has a tower antenna of height 124
m. what is the radiation resistance
of the antenna?

Q.6

Q.7

Q.8

a) 25Q
c) 50 Q

b) 36.5Q
d) 730
[GATE - 2001]

A person with a receiver is 5 km

away from the transmitter. What is

the distance that this person must

move further to detect a 3 dB

decrease in signal strength?

a) 942 m b) 2070 m

b) 4978 m d) 5320 m
[GATE - 2002]

The line-of-signal communication
requires the transmit and receive
antennas to face each other. If the
transmit antenna is vertically
polarized, for best reception the
receiver antenna should be
a) Horizontally Polarized
b) Vertically polarized
c) at 45°with respect to horizontal
polarization
d) at 45° with respect to vertical
polarization
[GATE - 2002]

Two identical antennas are placed in
the ¢ =n/2 plane as shown in the
figure. The elements have equal
amplitude excitation with 180°
polarity difference, Operating at
wavelength A. The correct value of
the magnitude of the far-zone
resultant electric field strength
normalized with that of a signal
element, both computed for ¢ =0,

is (1)

[j— ) —p

B
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Q.9

Q.10

Q.11

Q.12

27S

2C0S| —

a) N )
S
2C0S| —
) [AJ

Consider a lossless antenna with a

directive gain of + 6dB. If 1 mW of

power is fed to it the total power

radiated by the antenna will be

a) 4 mW b) 1 mW

d) 7 mW d) 1/4 mW
[GATE - 2004]

b) Zsin(%j
d) 25in(%sj

[GATE - 2003]

Two identical and parallel dipole
antennas are Kkept apart by a

distance of A/4 in the H-Plane.
They are fed with equal currents but
the right most antenna has a phase
shift of + 900. The radiation pattern
is given as

c)
[GATE - 2005]

A mast antenna consisting of a 50
meter long vertical conductor
operators over a  perfectly
conducting ground plane. It is base-
fed at a frequency of 600 KHz. The
radiation resistance of the antenna
in Ohms is

211?2 7':2

il by
2 )5
C)%nz d) 20m?

[GATE - 2006]

A transmission line is feeding 1 watt
of power to a horn antenna having a
gain of 10 dB. The antenna is

Q.13

Q.14

Q.15

Q.16

matched to the transmission line.
The total power radiated
a) 10 Watts b) 1 Watt

) 0.1 Watt d) 0.01 Watt
[GATE - 2006]

A % dipole is kept horizontal at a

height of )L—ZO above a perfectly

conducting infinite ground plane.
The radiation pattern in the plane of

the  dipole (E Plane)
( approximately as

oNEY’S
&

[GATE - 2007]

At 20 GHz, the gain of a parabolic
dish antenna of 1 meter diameter

and 70% efficiency is
a) 15dB b) 25 dB
b) 35 dB d) 45 dB

[GATE - 2008]

For a Hertz dipole antenna, the half
power Beam width (HPBW) in the
E-plane is
a) 3600

c) 900

b) 1800
d) 450
[GATE - 2008]

The radiation pattern of an antenna
in spherical co-ordinates is given by

F(6) =cos*0,0< /2
The directivity of the antenna is
a)10 dB b) 12.6 dB

¢)11.5dB d) 18 dB
[GATE - 2012]
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Q.17

Q.18

In spherical coordinates, let ﬁe-ﬁq)

denote until vectors along the 6, ¢
directions.

$
E= @sin Ocos(wt —Pr)ae V/m
and

0265

$
H sin Bcos(owt —Pr)as A/ m

represent the electric and magnetic
field components of the EM wave of
large distances r from a dipole
antenna, in free space. The average
power (W) crossing the
hemispherical shell located at r =
1km,0< /0 < m/2is :
[GATE - 2014-1]

For an antenna radiating in free
space, the electric field at a distance
of 1 km is found 12 to be 12 mV/m.
Given that intrinsic impedance of
the free space is 120m(), the
magnitude of average power density
due to this antenna at a distance of 2
km from the antenna (in nW/m?2) is

[GATE-2014-4]

Q.19 Match column A with column B.
column A column B.
(1)Point (P)Highly
electromagnetic directional
source
(2)Dish antenna (Q)End free
(3)Yagi-Uda antenna | (R)Isotropic

Q.20

a) 1-P,2-Q,3-R
b) 1-R, 2-P,3-Q
c) 1-Q, 2-P,3-R
d) 1-R, 2-Q, 3P
[GATE-2014-4]

Two halftwave dipole antennas
placed as shown in the figure are
excited with sinusoidally varying
currents of frequency 3 MHz and
phase shift of m/2 between them
(the element at the origin leads in

Q.21

Q.22

Q.23

phase). If the maximum radiated E-
field at the point P in the x-y plane
occurs at an azimuthal angle of 60°
the distance d (in meters) between
the antennas is

z#
]

[GATE-2015-2]

The directivity of an antenna array

can be increased by adding more

antenna elements, as a larger

number of elements

a) improves the radiation efficiency

b) increases the effective area of
the antenna

c) results in a better impedance
matching

d) allows more power to be
transmitted by the antenna

[GATE-2015-3]

Two lossless X-band horn antennas
are separated by a distance of 200A.
The amplitude reflection coefficients
at the terminals of the transmitting
and receiving antennas are 0.15 and
0.18, respectively. The maximum
directivities of the transmitting and
receiving antennas (over the
isotropic antenna) are 18 dB and 22
dB, respectively. Assuming that the
input power in the lossless
transmission line connected to the
antenna is 2 W, and that the
antennas are perfectly aligned and
polarization matched, the power (in
mW) delivered to the load at the
receiveris___ .

[GATE-2016-1]

The far-zone power density
radiated by a helical antenna is
approximated as:
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Q.24

r r s 1,
W =W, ee ®ar Cy—COS™ 0
r

rad — average

The radiated power density is
symmetrical with respect to @ and
exists only in the upper hemisphere:

Oﬁeﬁg;OS@Szﬂi;Co is a

constant. The power radiated by the
antenna (in watts) and the
maximum directivity of the antenna,
respectively, are
a) 1.5Co, 10dB

c) 1.256C,, 12dB

b)1.256Co, 10Db
d) 1.5Co, 12dB
[GATE-2016-1]

A radar operating at 5 GHz uses a
common antenna for transmission
and reception. The antenna has a
gain of 150 and is aligned for
maximum directional radiation and
reception to a target 1 km away
having radar cross-section of 3 m2. If
it transmits 100 kW, then the
received power (in pW)is

[GATE-2016-3]

Q.25 Consider a wireless communication

link between a transmitter and a
receiver located in free space, with
finite and strictly positive capacity.
If the effective areas of the
transmitter and the receiver
antennas, and the distance between
them are all doubled, and everything
else remains unchanged, the
maximum capacity of the wireless

link

a) increases by a factor of 2
b) decrease by a factor 2
c) remains unchanged

d) decreases by a factor of J2

[GATE-2017-1]
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Q.1

Q.2
Q.3

Q.4

Q.5

Q.6

EXPLANATIONS

Q.7
Q.8

(b)
(d)

The frequency range for satellite
communication is 1GHz to 30GHz.

(0

Y =Bdcosb+a

For an array to be end fire ¥ = 0
0=Bdcosb+a

a=—d

= ¥ =pd(cosd—1)

:‘P:Z—nx&(cos@o—l)
A 4

T ( lj T _
=—x| —— |=—— radians
2 4

(b)
&:@:123; L

4 4

~ It is a quarter wave monopole
antenna

So, R, =36.5Q

(b)

Signal strength = P

4nR? Q.9

P

P 47(5000)°

(5000)2 1
= | —— —_
X 2

= x =5000/2
~ Required distance

=5000~/2 —5000
=2071m

(b)
(d)

Normalized array factor

=2

Y
Cos—
2

Y =BdsinBcod® + 6

0=90°d=1/2s
® = 45°,6 =180°

=2

¥
COS—
2

= 2C0S

[ BdsinBcod® + & }
2

= 2C0S 2—nxﬁscos45° + 180
12 2

=2C0S n—s+90°}
A

:Zsin(n—sj
A

(b)

When an antenna is lossless then
the antenna efficiency is 100% .In
such case whole of the power fed to
antenna is radiated in the form of
radiation. Therefore if power fed to
antennais 1 mW.
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Q.10 (a)
Q.11 (a)

Since antenna is installed at
conducting ground ,

2
R, = 40n? (ﬂJ Q
A

8
x—ﬂ:wxm"

 600x10°

2
R :407:2( 50 j
e 0.5x10°

B 407? B 2_7t2
100 5

Q.12 (b)
Gain of antenna is directive gain i.e.
different from that of amplifier. It
radiates same power. Sol W.

Q.13 (b)
The radiation pattern of the dipole

(k/ 2) kept horizontally above

perfectly conducting ground at
different heights.

Q.14 (d)

Gain of parabolic dish antenna

G =nn? (Ejz
A

072 1x20x10° ’
. 3x10°

=30705.4359
G(dB)=10log,, G
=10log,,(30705.4359)
=45dB

Q15 ()
Q.16 (a)
F(6)=cos*0,0<0<m/2

We know that directivity D is

4
D = ™V (1)
T

rad

F(0) is nothing but radiation
intensity u(6,¢)and =, is radiated

power.
2nm/2
T = I J‘ cos’ Osinfdp ... (2)
00
Above equation is written from the
formula
T [ [0(6,4)dQ
04

Where dQ is solid angle and

dQ =sin6do d¢
So from (2)

2nm/2

Mo = | | cos’ Bsind0dd
00

/2

Wy =27 I cos” 0sin0do
0

cos®0 "
o =—27{ 5 }

0

2n
Mg = —Eg— ..... (3)
So D=4 _10y

)
5
=10[F(8)],, =10

In dB directivity
=10log,, D =10dB

Q.17 (55.5)

E, = 100 iy g
r

—Jpr

= O'2653inee

HQ

;
1o

Prvg :EJEGHQ.?dS

= % | 100(?—2'265)sin2 Or’sind d do

S

1 .
Pas =5 j (26.5)sin? do d¢

7
=13.25j sin®do do

6=0

© Copyright Reserved by Gateflix.in No part of this material should be copied or reproduced without permission



GAIRIX

Channel capacity remains same.

P=55.5w

Q.18 (47.7)
Electric field of an antenna is

e o_ndl ol 3P 1 ]
" 4n r r? pre
\2 J \A
Radiation inductive Electrostanic
| field field field ]
EOL1
r
E:r—z: E,=6mv/m
E2 rl
2 -8
_L1E 136107 47.7nw / m?
2n 2 120n
Q.19 (b)
1. Point electromagnetic source, can
radiate fields in all directions
equally, so isotropic.
2. Dish antenna —highly directional
3. Yagi — uda antenna —=End fire
|
Figure: Yagi — uda antenna
Q.20 (50)
v =0+ pdcosb
For maximum field,
8
= ()| A= ﬂ =100m
0°
o+ Bdcos@ =0
—% + 2n dcos60=0

T
> 10093
d=50m
Q.21 (b)
D:4—7:Ae
A
DT—Ae®
Q.22 (3)
Q.23 (b)
2 27
0= | | Wir’sindoda
0=02=0
% 2n C
= I I —2% cos* or’sinod0dd
B=02=0
20|
_C x5 on n 2R 256,
5 |, 5
Max. directivity = ———2~ MaX(Wey) x 4mr?
rad
Gy
= r’ x dqr? = 4z =
1.256C, 1.256
Max. directivity in
dB=10log10=10dB
Q.24 (2)
Q.25 ()
S
C=Blog,|1+——
N,B
Where,
S — PthAer
Amr?
S'= —PAG; 4—fAt
4mre A
PAerAet_ 4A At
W2(rr) e
— PtAerAet _S

A(r?)

Channel capacity remain same.
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ASSIGNMENT QUESTIONS

Q.2

Q.3

Q.4

Q.5

Which of the following statement

regarding electric flux is true?

1. Electric flux begins on positive
charges and terminates on
negative charges.

2. Flux is in the same direction as
the electric field E

3. Flux density is proportional to
the magnitude of E

4. In the SI system of units, total
flux emanating from a charge of
Q(C) is Q(C).

A single line will emanate from 1 C

of charge.

a) 1 only b) 1 & 2 only
c)1,2&3only d1,2,3&4
Two concentric spherical shells

carry equal and opposite uniformly
distributed charges over their
surfaces as shown in the figure. The
electric field on the surface of the
inner shell will be

a) Zero b) %
0
)~ @) —2
8ne, R léne, R

Joule/Coulomb is the unit of
a) Electric field potential

b) Electric flux density

c) Charge

d) None of the above

The electric potential due to an
electric dipole of length L at a point
distance r away from it will be
doubled if the

a) length L of the dipole is doubled
b) r is doubled

c) r is halved

d) L is halved

The force between two charged
particles is given by,

Q.6

Q.7

Q.9)

1 QQ,

F= >, where the symbols

dney r

have their usual meanings. The
dimensions of ¢ in free space in SI

system are:
a) M1L3T6A4  b) M1L3T*A?
) ML-3 T4 A3 d) M1 L3 T2

The energy spent in moving a charge
of 10 coulomb from one point ‘a’ to
another point ‘b’ is 50 joules. The
potential difference between points
‘a’and b’ is
a) 2 volts
c) 10 volts

b) 5 volts
d) 100 volts

P is a point at a large distance from
the centre O of a short dipole formed
by two point charges all lying on a
horizontal plane. If 6 is the angle
between OP and the dipole axis, then

0, component of the E-field at P is
a

(%

a) given by sin ©® b) given by cos 0
c) given by tan 6 d) independent of

Two equal positive point charges are
placed along X-axis at + X1 and -Xi
respectively. The electric field vector
at a point P on the positive Y axis
will be directed

a) in the +X direction

b) in the -X direction

c) in the +Y direction

d) in the -Y direction

Two concentric spherical conducting
shells are held at two different
potentials. Their centre coincides
with the origin of a spherical (r, 0)
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coordinate system. Which one of the

following gives the correct nature of

the field in the angular gap region?

a) It is purely radial and
independent of the coordinates
(r,6,9)

b) It is purely radial, independent
of (0, ¢) and varies as r-2

c) The field lines are the like the
latitude of the Earth and
depend on (1, 6) but not on ¢

d) The field lines are radial and
independent of (0, ¢) but varies
asrl

Q.10 Which one of the following pairs is
NOT correctly matched?

a) Gauss's Theorem:(ﬁls -ds :<j.>V Ddv

b) Gauss's Law:(]Sﬁ -ds =I pdv

c) Coulomb'sLaw:V = —d&

d) Stoke'sTheorem:@g_,-d_l :I(Vxé)-dé
1

N

Q.11 When a dielectric is placed in an
electric field, the electric flux density
D, electric field intensity E and
polarization P are related as

a) D=g,ExP b)D=¢,E—
) D=¢,(E+P)  d)D=gE+

Q.12 A, B and C are three parallel plate
condensers with similar surface area
of plates and similar separation. A
contains air as dielectric, B contains
glass as dielectric and C contains
polythene. If the electric field
intensities in air, glass and
polythene are respectively E1, E2 and
E3 then (assume that the plates are
filled with the given dielectrics)
a)E1=E2=E3 b) E1=E2>E3
c)E1>Ez2<E3 d) E1<E2>E3

Q.13 Maxwell’'s divergence equation for
the electric field is

Q.14

Q.15

Q.16

Q.17

Q.18

a)V-E=X b) V.E=—P
€, 2meg,
VxE=L2 d) VxE=—P
€, 2neg,

The dipole moment per unit volume

as a function of E in the case of an

insulator is given by (symbols have

the usual meanings)

a) P=gE(e,—1) b) P=gE

gr- B gpo_E
€8, g (e, 1)

A parallel plate capacitor of plate
area A and plate separation ‘t’ has a
capacity C. If a metallic plate p of
area A and of negligible thickness is
introduced in the capacitor at a

. t .
distance Efrom either of the two

plates, as shown in the given figure,
then the capacity of the capacitor
will become

C
a) — b) C
) 3 )
c) 2C d) 4C
An infinite plane Z = 10 m carries a
uniformly distributed charge of

density 2nC/m2. The electric field
intensity at the origin is

a)0.2a,nV/m b)2a;nV/m

c)-2a,nV/m d) -36 ma; V/m

If an isolated conducting sphere in

1

air has radius = its
4dr g,

capacitance will be

a) zero b) 1F

c) 4 nF d) OF

Which one of the following is the
Poisson’s equation for a linear and
isotropic but inhomogeneous
medium?

a)V’V=—p/e b) 6(65\7)=—p
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Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

) V-V(eV)=—p d)V’V=—p/e

The displacement flux density at a
point on the surface of a perfect
conductor is ﬁzZ(éx—\ﬁéz)C/mz
and is pointing away from the
surface. The surface charge density
at that point (C/m?) will be

a) 2 b) -2

c) 4 d) -4

Charge needed within a unit sphere

centered at the origin for producing
5

a potential field. V = —6i,forr <lis

So
a) 12=C b) 607C
c) 120=C d) 180nC

The equation V-J =0 is known as
a) Poisson’s equation

b) Laplace equation

c) Continuity equation

d) Maxwell equation

The dimension of flux density is
a) MT1 Q! b) MT-2Q-2
c) MT1Q? d) MT-1Q2

The energy stored per unit volume
inan electric field (with usual
notations) is given by

a) Lemr b) Len
2 2

c) %SEQ d) ¢E’

A positive charge of Q coulomb is
located at point A (0,0,3) and a
negative charge of magnitude Q
coulomb is located at point B (0,0,-
3). The electric field intensity at
point C (4,0,0) is in the
a) negative x-direction
b) negative z-direction
c) positive x-direction
d) positive z-direction

Q.25

Q.26

Q.27

Q.28

The force between two point
chargesof 1 nC each with a 1 mm
separation in air is
a) 9x10°N
) 9x10°N

b) 9x10°N
d) 9x10"*N

Consider the following statements:

A parallel plane capacitor is filled
with a dielectric of relative
permittivity &, and connected to a

d.c. voltage of V wvolts. If the
dielectric is changed to another with
relative permittivity g, =2¢,

keeping the voltage constant, then

1. the electric field intensity within
the capacitor doubles.

2. the displacement flux density D
doubles.

3. the charge Q on the plates is
reduced to half.

4. the energy stored in
capacitor is doubled.

Select the correct answer using the

codes given below:

a)1land?2

c) 2and 4

the

b) 2 and 3
d) 3and 4

The resistivity of the wire material
can be expressed in terms of LMTI
system of dimensional parameter as

a) ML2T-2 ]2 b) ML2 T-3 [-2

c) ML3 T-3 -2 d) ML3 T-2 -2

An electronic charge Q is placed in a

dielectric medium. Which of the

following quantities are

independent of the dielectric

constant € of the medium?

a) Electric potential V and Electric
field intensity E

b) Displacement density D and
Displacement ¥

c) Electric field intensity E and
Displacement density D

d) Electric  potential V
Displacement ¥

and
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Q.29)

Q.30

Q.31

Q.32

Q.33

o

Q.34

Two coaxial cylindrical sheets of
charge are present in free space

p,=5C/m’*at r=2m & p, =-2C/m’
at r=4m. The displacement flux
density Datr=3 mis

a) D=5a,C/m> D) ]3=§£rC/m2

c) B:?ErC/mz d) B:?érmmz

An electric potential field is
produced in air by point charges 1
puC and 4 pC located at (-2,1,5) and
(1,3,-1) respectively. The energy
stored in the field is

a) 2.57 m] b) 5.14 m]

c) 10.28 m] d) 12.50 m]

Which one of the following

potentials does NOT  satisfy

Laplace’s Equation?

a) V=10xy b) V=rcosop

C) V:E d) V=pcosp+10
r

Laplacian of a scalar function V is
a) Gradient of V

b) Divergence of V

c) Gradient of the gradient of V

d) Divergence of the gradient of V

An infinitely long uniform charge of
density 30 nC/m is located aty = 3, z
= 5. The field intensity at (0, 6, 1) is
E = 64. 7ay - 86.3a; V/m. What is the
field intensity at (5,6,1)?

6+
a)E by —— |E
) )\52+62+12J
6> +

12 52+62+12 1/2
52+62+12j £ d)L 6" + ] :

An infinitely long line charge of
uniform charge density po C/m is
situated parallel to and at a distance
from the grounded infinite plane
conductor. This field problem can be

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

solved by which of the
following?

a) By conformal transformation

b) By method of images

c) By Laplace’s equation

d) By Poisson’s equation

one

The electric field lines and
equipotential lines

a) are parallel to each other

b) are one and the same

c) cut each other orthogonally

d) can be inclined to each other at

any angle

Curl curl A is given by
a)V(V-A)-V’" Db)V(V-A)-V’A

QV(V-A)+V* d)V(V-A)-VA

If a charge of one coulomb is to be
brought to a distance of one meter
from a charge of 2 coulombs, then
the work required is

a) ! N-m b) ! N-m

2n 4n

c) 2ne, N—-m d) 4ne, N—-m
Ohm’s law in point form in field
theory can be expressed as

a) V=RI
c)jzcﬁ

The force between a charge q and a
grounded infinite conducting plane
kept at a distance d from it is given
by

2

q q
b
4me,d’ ) 4me,d’
2
R Do
l6me,d l6me,d

The magnetic field intensity (in
amperes/meter) at the centre of a
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Q.41

Q.42

Q.43

Q.44

Q.45

circular coil of diameter 1 meter and
carrying a current of 2 amperes is
a)8 b) 4

c)3 d) 2

A straight conductor of length 1m
moving with a velocity v in the
presence of a magnetic field of flux
density B directed at an angle 6 with
the direction of v experience a force.
Which of the following statement (s)
are true for the magnitude of the
force?

1. Itis independent of 6

2. Itis proportional to 12

3. Itis proportional to B

4.Itis independent of v

Select the correct answer from the
codes given below:
a)l,2and 3

c) 3 alone

b) 4 alone
d) 2 and 4

The Lorentz force law is given by
a) f =QE b) f=VxB
) f=Q(E+VxB) d) f=Q(VxB)

A solid cylindrical conductor of
radius ‘R’ carrying a current ‘I’ has a
uniform  current density. The
magnetic field intensity ‘H’ inside
the conductor at the radial distance
T (r<R)is

a) Zero b) 1
27r
I IR?
c ! d
) 2nR? ) 2nR?
If the vector field

A= XZ + yg + kzi represents
solenoidal field, then the value of k
must be
a)l
c)-1

b) 2
d) -2

The value of Cﬁal along a circle of
C

radius 2 units is

Q.46

Q.47

Q.48

Q.49

a) zero
c)4n

b) 2w
d) 8w

The field at any point on the axis of a
current carrying circular coil will be
a) perpendicular to the axis

b) parallel to the axis

c) at an angle of 45° with the axis

d) zero

The given figure shows the surface
charge distribution of q
coulomb/m?2. What is the force on a
unit charge placed at the centre of
circle?

q
a) Zero b N
) ) 4nR?
2 2
-1 N d -3~
4R 4R

Which of the following equations is
not correct?

a) a,xa, da, [
b) (aX xay)+(ay><ax)=0
C)a, ><(ay><az)=aX x(azxay)

d) a,-a,+az-a =0

A straight current carrying
conductor and two conducting loops
A and B are shown in the given
figure. If the current in the straight
wire is decreasing, then the induced
currents in the two loops A and B

will be
@

a) clockwise in both A and B

b) anticlockwise in both A and B

c) anticlockwise in A and clockwise
in B

d) clockwise in A and anticlockwise
in B
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Q.50

Q.51

Q.52

Q.53

Q.54

The region z<0is a perfect
conductor. On its surface at the

origin, the surface current density K
is (5a, —6a_y>)A/m. If the region z >
0 were free space, then the magnetic
field intensity Hin A/m, at the origin
would be

a) H=0

b) H=5a_—6a,

¢) H=6a, —5a,

d) ﬁ:—(6§+sg)

EZZTP ~%  The electric field
e=3TE=2a,

across an interface is shown in the
figure. The surface charge density
(in coulomb/m?) on the interface is
a) 4e, b) -3¢,

c) 3¢, d) +4¢,

The polarization of a dielectric
material is given by
a)P=¢E

c) E=Eg, (¢, 1)

b)P=(c,~1)E
d) P=(g, ~1)g,

If the charge on each of the
capacitors in the given figure is 4500
uC, what is the total capacitance (in
pF), assuming that the voltage
distribution across Cj, Cz, C3 is in the
ratio of 2:3:4?

G G G
)
b) 11.1
d) 33.3

a) 325
¢) 22.2

Consider the following statements

regarding field boundary conditions:

1. The tangential component of
electric field is continuous across
the boundary between two
dielectrics.

Q.55

Q.56

Q.57

2. The tangential component of
electric field at a dielectric
conductor boundary is non-zero.

3. The discontinuity in the normal
component of flux density at a
dielectric conductor boundary is
equal to the surface charge
density on the conductor.

4. The normal component of the
flux-density is continuous across
the charge-free boundary
between two dielectrics.

Which of these statements are

currect

a) 1, 2 and 3 are correct

b) 2, 3 and 4 are correct

c) 1, 2 and 4 are correct

d) 1, 3 and 4 are correct

The infinite parallel metal plates are

charged with equal surface charge

density of the same polarity. The

electric field in the gap between the

plates is

a) the same as that produced by
one plate

b) double of the field produced by
one plate.

c) dependent on coordinates of
field point

d) zero

Two positive charges, Q Coulombs
each, are placed at points (0, 0, 0)
and (2, 2, 0) while two negative
charges, Q coulombs each in
magnitude, are placed at points (0, 2,
0) and (2, 0, 0). The electric field
intensity at the point (1,1,0) is

a) zero b) 8Q
e,

) Q d) Q
4ne, l6me,

Consider the following statements
associate with the basic electrostatic
properties of ideal conductors:

1. The resultant field inside is zero.
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2. The net charge density in the
interior is zero.

3. Any net charge resides on the
surface

4. The surface is
equipotential.

5. The field just outside is zero.

Which of these statements

currect

a) 1, 2,3 and 4 are correct

b) 3,4 and 5 are correct

c) 1, 2 and 3 are correct

d) 2 and 3 are correct

always

are

Q.58) A capacitor is made up of two

Q.59

Q.60

Q.61

concentric spherical shells. The radii
of the inner and outer shells are R
and Rz respectively and € is the
permittivity of the medium between
the shells. The capacitance of the
capacitor is given by

1 1 1
a) —| ———
4re( R, R,

by L (L,
4ne( R, R,
R1R2

(R, +R,)

c) 4ne

In a hundred-turn coil, if the flux
through each turn is (t3-2t)m
Wb, the magnitude of the induced
emf in the coil at a time of 4sis

a) 46 mV b) 56 mV
c)46V d) 5.6V

A coil of resistance of 5Q and
inductance 0.4 H is connected to a

50V d.c. supply. The
stored in the field is
a) 10 joules

c) 40 joules

energy

b) 20 joules
d) 80 joules

For an elliptically polarzed wave
incident on the interface of a

Q.62

Q.63

Q.64

Q.65

Q.66

dielectric at the Brewster angle, the
reflected wave will be

a) elliptically polarized

b) linearly polarized

c) right circularly polarized

d) left circularly polarized

If the current element represented
by 4x10™"a Am is placed in a

- 5,
magnetic field of H=—a A/m the
1)
force on the current element is

a)—2a mN b) 2a mN
c) —2a N d) 2aN

In an electrodynamometer, a
moving coil has an area A, turn N
and carries a current | producing a
magnetic flux B. The torque on the
moving coil is proportional to

a)l b) I2
c) B.I2 d) A.N.B.I2
The three values of a one-

dimensional potential function ¢
shown in the given figure and
satisfying Laplace’s equation are
related as

|e—a—>le 2d >|

¢, ¢, ¢,
2) ¢, = 2@33+ &y, =29 3+(P3
Q) @, = 20, ";2(P3 d) ¢, = ?, +23(P3

The skin depth (8) due to RF current
is equal to (o = angular
frequency, 1 = permeability and c =

conductivity) .
a) 2 b) 2
OUGC OUGC
2 1/2 ,\/5
c) (—] d) —
OUGc OUGC
The electric field of an

electromagnetic wave at a point in
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Q.67

Q.68

Q.69

Q.70

free space is in the positive Y
direction and the magnetic field is
in the negative X direction. The
direction of power flow will be in
the

a) + X direction
c) +Z direction

b) +Y direction
d) -Z direction

The electric field vector E of a wave

in free space (&o, Mo) is given by

E= y{A oS w(t —EJJ Its magnetic
c

vector Hwill be given by

a) H=y Asinm[t—EJJ

C

b) H=z Acosco(t—E J
c

C) H=x -] /3Acosm t—Ej
H, ¢

d) ﬁ:x{—j fiAsinw t—Ej
H, C

What is the phase velocity of plane
wave in a good conductor?
b) [—

a) rfuc
u

c) \/E—T d) 2 mt

uc [ile)
An electromagnetic plane wave
propagates in a dielectric medium
characterized by
er = 4 and ur = 1. The phase velocity

of the wave will be
a) 0.75x10°m/s

c) 3x10°m/s

nfo

b) 1.5x10°m/s
d) 6x10°m/s

If H = 0.2cos (ot - Bx)az A/m is the
magnetic field of a wave in free
space, then the average power
passing through a circle of radius 5

cm in the x= 1 plane will
be=approximately
a) 30mW b) 60mW

Q.71

Q.72

Q.73

Q.74

c) 120mW d) 150mW

The depth of penetration or skin

depth for an electromagnetic field at

a frequency ‘f in a conductor of

resistivity p and permeability p is

a) inversely proportional to p and f
& directly proportional to p

b) directly proportional to p and
inversely proportional to f & p

c) directly proportional to f and
inversely proportionaltop & p

d) inversely proportional to p and p
and directly proportional to f.

When a plane wave is incident
normally from dielectric ‘1" (p,.¢,)

(Hoaez)J the
electric field of the transmitted
wave is -2 times the electric
field of the reflected wave. The ratio

onto dielectric ‘2’

S is

€

a) 0.5 b) 1
c)2 d) 4

If, for the transmission of a parallel
polarized wave from a dielectric
medium of permittivity ,into a
dielectric medium of permittivity
e, there exists a value of the angle

9pf0r which the

reflection coefficient is zero, then

a) tanh6 = fi b) tan0, = ,i
€, g,

¢) tan6, = [=2 d)tanho, = /i
S €

For electromagnetic wave
propagation in free space, the
free space is defined as

a) 6=0,e=Lu=1LP=0,J=0
b) 6=0,e=1,p=1P=0,J=0
c) G¢0,6>1,M<1,§¢0,j:0
d) 6=0,e=1,u=1P=0,J£0

of incidence
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Q.75

Q.76

Q.77

Q.78

Q.79

The Poynting vector P = E x Hhas
the dimensions of

a) Power/unit area

b) Volts

c) Power

d) Volt/unit length

Consider the following statements
regarding a plane wave propagating
through free space:

The direction of field

1) ‘E’ is perpendicular to the
direction of propagation

2) ‘H" is perpendicular to the
direction of propagation

3) ‘E’ is perpendicular to the
direction of field ‘H’

Which of these statements are

correct ?

a) 1and 2 b) 2and 3

c) 1and 3 d)1,2and 3

If the velocity of electromagnetic
wave in free space is 3x10° m/s, the
velocity in a medium with ¢ of 4.5

and pr of 2 would be
a) I1x10°m/s b) 3x10°m/s
c) 9%10%m /s d) 27x10%m/s

If H=0.1sin(10°nt+By)a  A/m for a

plane wave propagating in free
space, then the time average
Poynting vector is

a) (0.67sin’By)ay W/ m’
b) -O.67zayW/m2

¢) 1.2na,W/m’

d) -1.2na,W/m’

In a uniform plane wave, the value of

His

[H]

a),[* b) |E
g M

c)1 d) \/u_s

Q.80

Q.81

Q.82

Q.83

Which one of
statements is NOT
plane wave with

_ ~A
H=0.5¢""" cos(10°t —2x)a, —
m

the following
correct for a

a) The wave frequency is 106 r.p.s.

b) The wavelength is 3.14 m

c) The wave travels along + x-
direction

d) The wave is polarized in the z-
direction

What is the value of standing wave

Ratio (SWR) in free space for
transmission coefficient I' = —%
2
a) = b) 0.5
) 3 )
c) 4.0 d) 2.0

A ray is incident on the boundary of
a dielectric medium of dielectric
constant <; with another perfect
dielectric medium of dielectric
constant ,. The incident ray makes
an angle of 0 with the normal to the
boundary  surface. @ The ray
transmitted into the other medium
makes an angle of 6; with the
normal. If €,=2 e,and 01=60°,
which one of the following is
correct?

a) 02=45°

b) 62=sin-10.433

c) 0O2=sin10.612

d) There will be no transmitted

wave
The electric field of a wave
propagation through a lossless

medium (o, 81¢€o) is

E =10cos(6nx10°t—px)a, What is
the phase constant 3 of the wave ?

a) 2 trad/m b) 9n rad/m

c) 18 trad/m d) 81 nrad/m

Which one of the followig gives the
values of the attenuation factor

112
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Q.85

Q.86

Q.87

Q.88

and phase shift factor B for a wave

propagated in a good

conductor having o/(we) >>17?
OUGC

a) (X:B: T)

b) a:Ju/s;B:Jmu/s

C)QZM;BZW

2
d) a=0;f=0w’pe

Consider the two fields,

E = 120mcos(10° nt - fx) ay V/m and
H=A cos(10°nt-Bx)a;A/m

The values of A and B which will
satisfy the Maxwell’s equation in a
linear isotropic, homogenous, loss-
less medium with & = 8 and pr = 2
will be

A (in A/m) B(in rad/m)

a) 1 0.0105

b) 1 0.042

c) 2 0.0105

d) 2 0.042

The velocity of a traveling

electromagnetic wave in free space
is given by

a) Keg, b) K&,
1 1
c) d)
VM€ Ho€g

The equation of a plane wave may
by written as (with usual symbols)

2 OB, 1K, b) OB, 1 3E
o' pe ox° ox>  pue ot
O’E, noE  O'E, ¢dE

5 ="75 D—07=""5
o e ox o pox

For time-varying electromagnetic
fields with electric and magnetic
field given by |E| & |H| respectively
the rate of energy flow per unit area
has a magnitude given by

a) |E| |H| cos 6 b) |E| |H| sin©

Q.89

Q.90

Q.91

Q.92

Q.93

c) (JE|+|H]|)sin® d)(|E|-|H]|)cosb

The E field of a plane
electromagnetic wave traveling in a
non- magnetic non conducting
medium is given by

E=a,5c0s(10°t+30Z). What is the

dielectric constant of the medium ?
a) 30 b) 10
c)9 d) 81

The expression for B, given that in
the free space

E =15cos(6mx10°t —2nz)i, V/mis
a) 5X10_8COS(67TX108t—2TCZ)iy

b) —-90nx10° sin(6nx108t—2nz) 1,
c) —45x10"sin(6mx10°t—2nz)i,
d) 5x10°*| cos(6mx10*t—2mz)i,

—SiIl(6Tt><108t—2TEZ) in

A uniform plane electromagnetic
wave with electric component E =
Em cos (ot - px) propagates in
vacuum along the positive x-

direction. The mean Poynting Vector
is given by

1Be, c’E 1 Bu,c’E
) S )
2 2 0
2 e, ¢’E,
C) lB“OC Em d) lB 0
2 0 2 0

In a lossless medium the intrinsic
impedance n=607n and - = 1. What

isthe value of the dielectric
constant &?

a) 2 b) 1

c) 4 d) 8

If the Efield in a plane
electromagnetic wave traveling

along the z-axis is given by
E:(ax +5y)f(mt—Bz)+(a+g) f(ot+pz)
The H field associated with the wave

is (zo is the characteristic
impedance)
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a) (a,+a,) f(ot—pz)/z, Q) V-B=J d) VxB=J
+(a" +ay)f(mt—[32)/zo Q.97 Match List I with List II and select
b) (g_;) f(ot-Ppz)/z, the correct answer using the
. y_ codes given below the lists:
+(ax —ay)f(cx)t +Pz)/ z, List I (Law/Quantity)
— — A. Dauss’s Law Ampere’s Law
‘) (ay _a") f(ot-pz)/z, B. Ampere’s Law
+( a,+a ) ot+pz)/z C. Fraday’s Law
D. Poynting vector
d) (a ay) f(wt—Pz)/z, List I (Mathematical expression)
( a f(cot+Bz /z 1.V-D= P
2VxE=-2
Q.94 If the electric field E=0.1te 'a, 3 S_ExH
and e=4¢, then the _ _ o _
displacement  current crossing 4 F= q(E * VX?)
an area of 0.1 mZ at t = 0 will be — — - 0D
a) zero b) 0.04 ¢, S'VXH:J°+E
c) 04¢, d) 4¢, Codes:
A B C D
Q.95 Match List I with List II and select a) 1 2 4 3
the correct answer using the codes b) 3 5 2 1
given  below the lists: c) 1 5 2 3
ListI d 3 2 4 1
A.V-D=p B
—— & Q98 If a vector field Bis solenoidal,
B.v.-D= = which of these is true?
C.VxH=1 a)gSB-dl:O b) cﬁB-ds=0
_ _ B s s
D.VxE=-7 ) VxB=0 d) V-B#0
List II
1. Ampere’s Law Q.99 A medium behaves like dielectric
2. Dauss’s Law when the
3. Fraday’s Law a) Displacement current 1is just
4. Continuity equation equal to the conduction current .
Codes: b) Displacement current is less than
A B C D the conduction current.
a) 4 2 1 3 c) Displacement current is much
b) 2 4 1 3 greater than the conduction
c) 4 2 3 1 current.
d) 2 4 3 1 d) Displacement current is almost
negligible.
Q.96 If the static magnetic flux density is
B, then Q.100 For linear isotropic materials, both
a) VxB=0 b) v- B=0 Eand H have the time dependence

e/t and regions of interest are
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free of charges. The value of
V xHis given by

a) oFE b) jwcE

c) 0'E+ja)8;f d) GE—ja)gE

Q.101 For electrostatic fields in charge free
atmosphere, which one of the
following is correct?

a) VxE=0andV-E=0
b) VxE#0butV-E=0
c) VxE=0butV-E=0
d) VxE#0butV-E#0

Q.102 Maxwell equation VxE = —%is

represented in integral form as

a) $E-di - [Bal
b) gSE-dZ:—%jE.%
) {Exdl=—< {B-dl
Q) {Exdl=-2{B-ds

Q.103 In a source-free imperfect dielectric
medium (specified by loss tangent
tan 6), Maxwell’s curl equation can
be written as

a) Vxﬁ:ja)gi(l+jtan5)
b) Vx?[:ja)gg(l—jtané')
c) Vxﬁ:—ja)gi(l+jtan5)
d) VxFI:—ja)gl_?(l—jtané')

Q.104E= i[20cos(o>t —Pz)+5cos(wt+pz)]V/m .

The associated magnetic field is

—_—

a
q) ¥
)120

[20cos (ot —Bz) + Scos(mt +Bz)]A/m
T

ay

1207

aX
1207

b) [20cos (ot —Bz) —5cos(wt +Bz)]A/m

c)

[20cos (ot —Pz) +Scos(wt +Pfz)]A/m

aX

d
) 1207

[20cos (ot —Pz)—5cos(mt +Bz)]A/m

Q.105 The frequency of the power wave
associated with an electromagnetic
wave having an

_ z
E field as E=¢ */° COS[OJt—gJ, is

given by
10) o
a) — b) —
) 8 )47r
2 2
27 T

Q.106 The velocity of the plane wave
sin?(ot - Bx) is

2w b W
a) i ) —
o’ ®
= d &
c) 7 ) ;

Q.107 Which one of the
statements is correct ?
For a lossless dielectric medium, the
phase constant for a traveling wave,

B is proportional to
b) e,

c)gi ) -

r \/ gr

Q.108 If nis the polarization vector and k
is the direction of propagation of a
plane electromagnetic wave, then

a) n=k b) n=—k

=0 d)nxk=0

following

a) &,

Eal

c)%-

Q.109 The ratio of conduction current
density to the displacement current
density is (symbols have the usual

meaning)

a)/Z b) %
we joe

) =2 d) Z
JE Jo
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Q.110 The electric field of a uniform plane OUG
wave is given by 5. -
E =10cos(3nx10*t —mz)ax Codes:
Match List I with List II pertaining to A B C D
the above wave and select the a) 1 2 3 4
correct answer using the codes b) 2 1 4 5
given below the lists: c) 2 1 3 5
List I (Parameter) d) 1 2 5 3
A) Phase velocity
B) Wavelength Q.112 A plane wave propagates in z-
C) Frequency direction with field components Ey
D) Phase constant and Hx with a time & z-dependence
List II (Values in MKS units) of the form exp (jot - jBz). Ey / Hx is
1.2 given by
gg;f a) “X b) £2
' s B
4.1.5x 108 —ﬂ _ﬁ
5.3.0 x 108 b) = d) —
Codes: wH we
A B C D ) )
Q.113 ListI (Medium)
a) 5 4 3 2 : ,
b) 3 4 2 1 A. Loss-less dielectric
o) 4 3 1 2 B. Good conductor
d) 5 1 4 2 C. Poor conductor

D. Lossy
List II (Expression for intrinsic

Q.111 List 11 gives mathematical .
impedance for plane wave

expressions for the variables

given in List I. Match List [ with List propa?gatlon)
Il and select the correct answer 1. [IOH
using the codes given below the \jc+j0)a
lists:
List I 2. \E(lﬂ'ij
A. Intrinsic impedance & 2we
B. Velocity of wave propagation 3 B
C. Skin depth e
D. Attenuation constant
List II AP Al
| 4, (1+ J) e
l'ﬁ Codes:
A B C D
= a) 4 3 2 1
g b) 4 3 1 2
1 ) 3 4 2 1
3'@ d) 3 4 1 2
4 1 Q.114 Match List I with List II and select
f 1o the correct answer using the codes

given below the lists: (Symbols
have the usual meanings)
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List I

A. Poisson’s equation

B. Laplace’s equation2.
C.]Joule’s equation

D. Helmholtz’s equation

List I1
1.Vie=0
2. V’E+K,E=0
—P
3. Vip=—
80
P _UE]
dv !
Codes:

A B C D
a) 2 1 4 3
b) 3 4 1 2
c) 3 1 4 2
d 2 4 1 3

Q.115 Tangential component of the electric

field on a perfect conductor will be

a) infinite

b) zero

c) same as the normals field
component and 90° out of phase]

d) same as the normal component
but 180° out of phase.

Q.116 Consider the following statements

For a uniform plane electromagnetic

wave

1. The direction of energy flow is
the same as the direction of
propagation of the wave.

2. lectric and magnetic fields are in
time quadrature.

3. Electric and magnetic fields are
in space quadrature.

Of these statements

a) 2 alone is correct

b) 1 and 2 are correct

c) 1 and 3 are correct

d) 3 alone is correct

Q.117 In a dielectric medium of relative

permittivity 4, the electric field
intensity is 20sin(10%t —Bz)ay V/m

and z being in m. The phase shift
constant f3 is

a) lrad/m b) zmcl/m
3 3

b) ¢) 2Tﬁraa’/m d) Lrad/m

orx

Q.118 The unit of the Poynting vector is

a) power
b) power density
) energy
d) energy density

Q.119 The intrinsic impedance of free

space is

a) 3770 b) Vi,

0 fﬁ a)
M,

Q.120 If a plane electromagnetic wave

travehng in the direction
[3 = aXBX + ayBy + aZBZ has

electric field E = Acos(ot— B . ;),

then the phase velocities vy : vy : v, is
equal to

Q.1211f

D)y b) B
gp g DA
)i ) BB
5. B B Ol

B= B,zcoswtay andE = ax E, then
a) E.=0

b) E =+B,z wsin at

C) E.=+B,cosat

d) E = %Boz2 wsin ot

Q.122 In the relation S = 1+_|1"|; the values

1=
of S and T (where S stands for wave

ratio and T is reflection coefficient),
respectively vary as
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a)0toland-1to0
b) 1toocoand 0 to +1
c)-1to+land1to
d)-1to0andOto 1

Q.123 Three media are characterized by

l.e,=8,u,=2,06=0
2.¢,.=Ln,=9,0=0
3.¢,=4,u,=4,6=0

e,is relative permittivity, pr is
relative permeability and o is
conductivity. The values of the
intrinsic impedances of the media 1,
2 and 3 respectively are

a) 188,377 Qand 1131 Q

b) 377 Q,1131 Q and 188 Q

c) 188 Q, 1131Q and 377 Q

d) 11310, 188 Q and 377 Q

Q.124 For a perfect conductor, the field

strength at a distance equal to the
skin depth is X% of the field strength
at its surface. The value of ‘X%’ is

a) Zero b) 50%

c) 36% d) 26%

Q.125 If E:()“ij/)e‘jﬁz ,then wave is said

to be which one of the following
a) Right circularly polarized

b) Right elliptically polarized

c) Left circularly polarized

d) Left elliptically polarized

Q.126 A right circularly polarized wave is

incident from air onto a polystyrene
(e,=2.7)

The reflected wave is

ajright circularly polarized

b)left circularly polarized

c)right elliptically polarized

d)left elliptically polarized

Q.127 An elliptically polarized wave

travelling in
the positive z-direction in air has x
and y components

E :3sin(cot —Bz)%n
E, =6sin(mt—ﬁz+75°)%n

Determine the power density?

a)BV%nz b) 4\A/2

m
c) 625mW/ , d) 125m\%rl .

Q.128 We have the following six sets of

electro-magnetic waves with
the frequency ranges as follows:

30 -300 KHz

10 - 30 KHz

3-30 MHz

300 - 3000 KHz

30 - 300 MHz

> 300 MHz

These are designated in the
following orders :

a) VLF, LF, MF, HF, VHF and UHF
b)LF, VLF, MF, HF, VHF and UHF

c) LF, VLF, HF,MF, VHF and UHF

d) VHF, VLF, HF, MF, LF and UHF

Q.129 At a certain frequency f, a uniform

plane wave is found to have
established a wavelength A in a
good conductor. If the source
frequency is doubled, then the
wavelength would change to

A
A b) V24

Y V2 )

) 24 d) 41

Q.130 In free space

H(z,1)=0.10cos(4x107t — Bz)T.A/m.
The expression for E(Z, t)is

a) E(z,t)=37.7cos(4x107¢t— )T,

b) E(z,1) = 2.65x10cos(4x107t — Bo)T.
¢) E(z,)=37.7cos(4x10"t— )T,

d) E(z,t)=-37.7cos(4x10"t - f)T,

Q.131 For alossless transmission line

1. series resistance is zero.
2. shunt conductance is zero
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3. shunt conductance is infinite
4. series resistance is infinite.
a)1&2 b)2&3
c)2&4 d)3&4

Q.132 A% transformer is used for

a) lightloads

b) high frequency load

c) connecting high impedance and
low frequency loads.

d) reducing distortion in
transmission lines.

Q.133 A generator of 50 ohm internal

impedance and operating at 1 GHz
feeds a 75 Q load via a coaxial line of
characteristic impedance 50 ohm.
The Voltage Standing Wave Ratio on
the feed line is

a) 0.5 b) 1.5

c)2.5 d) 1.75

Q.134 A loss-less 50 ohm transmission line

is terminated in (A) 25 ohm and (B)

100 ohm loads. Which one of the

following statements would be

correct if the voltage standing wave
patterns measured in the two cases
are compared ?

a) The two patterns will be
identical in all respects and
cannot be distinguished

b) The two patterns will have
identical locations of maxima
/minima but the VSWR will be
higher in the case of A.

c) The two patterns will have
identical locations of
maxima/minima but the VSWR
will be higher in the case of B.

d) The two patterns will be
identical except for a relative
spatial shift of  quarter
wavelength in the two cases.

Q.135 A quarter wave transformers, made

of air- filled coaxial line, matches
two transmission lines of

characteristics impedance 50 ohms
and 72 ohms respectively. If the
inner conductor of the coaxial
line is made 10 mm in diameter,
what should be the diameter of the
outer conductor (approx.)?

a) 16 mm b) 20 mm

€) 27 mm d) 32 mm

Q.136 The input impedance of short-
circuited loss-less line of length less
than a quarter wavelength is
a) purely resistive
b) purely inductive
c) purely capacitive
d) complex.

Q.137 For a transmission line, the open-
circuit and short-circuit impedance
are 20Q and 5 Q respectively. Then
the characteristics impedance of

the line is
a) 100 ohms b) 50 ohms
c) 25 ohms d) 10 ohms

Q.138 The characteristic impedance of a
transmission line with inductance
0.294pH/m & capacitance 60pF/m,
is
a) 49Q b) 60Q
c) 70Q d) 140Q

Q.139 The magnitude of the reflection
coefficient of a transmission line in
terms of the load and characteristic
impedance is given by

Z, +7Z Z.Z
a — L 0 b — 0“L
)p LZO_ZLJ ),0 {ZO_ZLJ
Z, —7Z Z, —Z
C =|ZL_ =0 | d —|ZL_Zo
)| 2| Vo=

Q.140 What are the directions of E and H
in TEM mode transmission lines
with respect to the direction of
propagation?

a) Both  E and H are entirely
transverse to the direction of
propagation.
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b) E is entirely transverse to and h ) 100 Q d) 150 Q
has a component in the direction
of propagation. 145 A transmission line of characteristic

impedance Z, = 50 ohms, phase
velocity vp = 2 x 108 m/s, and length
[ = 1m is terminated by a load Z. =
(30 - j40) ohms. The input
impedance of the line for a
frequency of 100 MHz will be

a) (30 +j40) ohms

b) (30 - j40) ohms

) (50 +j40) ohms

d) (50 -j40) ohms

c) H is entirely transverse to and E
has a component in the direction
of propagation.

d) Both E and H have components in
the direction of propagation.

Q.141 In an ideal transmission line with
matched load, the voltage standing
wave ratio & reflection coefficient
are respectively
a)land1
b) infinity and one
c) infinity and zero
d) one and zero

Q.146 A line of characteristic impedance z,
ohms, phase velocity vp = 2 x 108
m/s and length [ = 2m is
terminated by a load
impedance z. ohms. The reflection
coefficients at the input end and load
end are respectively |1|and|R |.

Q.142 A 75 ohm transmission line is to be
terminated in two resistive loads Ry
and Rz such that the standing
patterns in the two cases have the The ratio |1] for a frequency of 50
same SWR. To obtain the desired IR ]

result, the values Ri & Rz (in MHz will be

ohms) should be a) 1 b) -1

a) 250 and 200 respectively c) V-1 d) 2

b) 225 and 25 respectively

c) 100 and 150 respectively Q.147 For transmission of wave form a

d) 50 and 125 respectively dielectric medium of permittivity <,

into a dielectric medium of lower
3 permittivity e,,(e,>e,)the critical
line of length = and characteristic angle of incidence Q (relative to the
8 interface) is given by

Q.143 One end of a loss-less transmission

impedance Ry is short-circuited, and

the other end is terminated in Ro. a) sin™! S b) cos™ S
(S (S
The impedance measured at %away 1 1
b) tan™ [=2 d) sin'| =2
from the end terminated in Ro is: ) tan € ) sin LelJ
a) zero b) Ro
c) Ry d) Infinite Q.148 A 50Q characteristic impedance line
2 is connected to a load which shows a
reflection coefficient of 0.268. If Vi, =
Q.144 For a quarter wavelength ideal 15V, then the net power delivered to
transmission line of characteristic the load will be
impedance 50 ohms and load a) 0.139W b) 1.39W
impedance 100 ohms, the input c) 0.278W d) 2.78W
impedance will be
a)25Q b) 50 Q
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Q.149 For a transmission line with
homogenous dielectric, the

, . A
capacitance per unit length is ‘C’, the Q154 The input impedance of a §1°ng

relative  permittivity = of  the
dielectric is ‘e, ’ and velocity of light

(«)

in free space is v'. The
characteristic impedance Z, is
equal to

(S (S

a) - b r
) 3¢ ) e

Je, c
N=r d) . |==
2 vC ) vC

Q.150 A transmission line has primary

constants R, L, G and C, and
secondary  constants Zo and
v(=a+jp). If the line is lossless, then
a) R=0, G#0 and a=0

b) R=0, G=0,0 and B=|y|

short- circuited section of a lossless
transmission line is

a) zero b) inductive

c) capacitive d) infinite

Q.155 Match List I (Parameters) with List II

(Values) for a transmission line with
L . Q

a series impedance Z=R + joL—
m

and a shunt admittance
Y =G+ joc™°, and select the
m

correct answer using the codes
given below the lists

List1

A. Characteristic impedance Zo

B. Propagation constant y

) G=0 and o=p C. The sending-end input impedance
d) R=0, G=0, a.=0 and p=|y| Zs
ListII
Q.151 A transmission line having 50 Q 1.4zY
impedance is terminated in a load of Z
(40+j30)Q2. The VSWR is 24y
a)j0.033 b) 0.8+j0.6 v
c)1l d) 2 3_F
Z

when the line is terminated in its
characteristic impedance Zo

Q.152 A (75-j40) Q load is connected to a
coaxial line of Zo = 75Q2 at 6MHz. The

load matching on the line can be Codes:

accomplished by connecting A B C

a) ashort-circuited stub at the load a) 3 1 1

b) an inductance at the load b) 2 3 3

c) a short-circuited stub at a ) 2 1 2
specific distance from the load d) 1 2 2

d) a capacitance at a specific
distance from the load. Q.156 In a line the VSWR of a load is 6dB.
The reflection coefficient will be
Q.153 If RL,C and G are the resistance, a) 0.033 b) 0.33
inductance, capacitance & c) 0.66 d) 3.3
conductance of a transmission line
respectively, then the condition for  Q.157 Z1=200Q2 & it is desired that

distortionless transmission line is Zi=50Q.  The quarter  wave

2) R _ G b) RC=LG transform.er. ' should have a
CcC L characteristic impedance of
c) R*C=G’L d) RC? =GI a) 100 Q b) 40Q2
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c) 10,000Q d) 4Q transmission line for maximum
power transfer?

Q.158 Consider the following statements a)5.0m b) 1.25m
regarding transmission lines c)2.5m d) 10.0 m
transmitting high frequency (HF)
signals: Q.162 A 75Q transmission line is first short
HF transmission lines terminated and the minima
1. have appreciable ohmic and locations are noted. When the short

dielectric losses.
2. have small physical length
3. are loss-free lines
Of these statements:

is replaced by a resistive load R, the

minima locations are not altered and
the VSWR is measured to be 3. The

a) 1 and 2 are correct value of R, is
b) 2 and 3 are correct a)25Q b) 50Q
c) 3 alone is correct c) 2250 d) 250Q

d) 1, 2 and 3 are correct

Q.163 A UHF short circuited lossless

Q.159 Values of VSWR measured by 1 transmission lines can be used to
terminating the load end of provide appropriate values of
transmission line first with horn, impedance., Match List I with List II

then with a short and finally and select the correct answer using
with a matched load, will be the code given below the list

respectively List-I
a) 20,1.9and 1.01 Al<h
b) 20, 1.01 and 1.9 s A
c) 1.9,1.01 and 20 B'y<y
d) 1.9, 20 and 1.01 4 /2
C1=%/
A 4
Q.160 A lossless line of length Zand D l_y
/2
characteristic impedance Zo List-II
transforms a resisztive load R into 1.Capacitive
an impedance Zo |, When the line 2.Inductive
R 3.0
o 4.
is 7 long, the transformed Codes:
imp;ciance will be . 2) ‘; ]13 g ]3)
2) L_J b) zL_oj b) 3 1 4 2
R R 0 2 4 1 3
c)Z, d) r d) 3 4 1 2
Q.161 A 50 Q loss-less transmission line is ~ Q-164 A loss-less transmission line of
terminated in 100 Q load and is length A/8 is short circuited at one
excited by a 30 MHz source of end. The impedance measured at
internal resistance of 50 Q. What the other end is jZ at a frequency of
should be the length of the 13.5 MHz. If the frequency is raised
to 27 MHz, the impedance measured
would be
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a) j2Z
c) zero

b) -jZ
d) infinity

Q.165 A 50Q distortionless trnsmission
line has a capacitance of 10-1°f/m.
What is its inductance per meter?
a) 0.25uH b) 500u H
c) 5000 uH d) 50uH

Q.166 What is the attenuation constant o
for distortionless transmission line?

a) a=0 b)azR\/g
c)oczR\/Z d)az\/E
C C

Q.167 A transmitter in free space radiates
a mean power of ‘P’ Watts uniformly
in all directions. At a distance ‘d’,
sufficiently far from the source, in
plane, the electric field ‘E’ should be
related to ‘P’ and ‘d’ as

a) Eopd b) Eag
— Jp
c) Ea+ pd d) EQT
Q.168 With the symbols having their
standard  meanings, cut  off
frequency for a rectangular wave
guide is

mmT N7

1
a)\/u_e - + -
()5
2myJp e a b
ol
2n\/p_e a b

o ) )

2 2
mn nn 2
RS R
a b
represents the propagation constant
in rectangular wave guide for
a)TE waves only

b)TM waves only
c)TEM waves
d)TE and TM waved.

Q.170Consider a rectangular wave guide of
internal  dimensions  8cmx4cm
Assuming critical wavelength would
be.
a)8cm b)16cm
c)4cm d)32cm

Q.171 The ratio of transverse electric field
to the transverse magnetic field is
called as
a)wave guide impedance
b)waveguide wave length
c)phase velocity
d)Poynting vector

Q.172 The mode with lowest cut off
frequency for on electromagnetic
propagating between two perfectly

conduction parallel planes of
infinitive extent is

a)TE,, b) T™M,,

c) T™M,, d)TEM

Q.173 The dominant mode in a circular
waveguide is a

a)TEM b) TM,,
c) TE,, d)TE
Q.174 The cut off frequency of the

dominant mode of rectangular wave
guide having aspect ratio more than
2 is 10GHz. The inner broad wall
dimension is given by

a) 3cm b)2 cm

c)1.5 cm d)2.5 cm
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Q.175 Match List-I (Type of transmission  Q.179 For a hollow wave guide, the axial

structure) will List-Il (Dominant current must necessarily be
Mode) and select the correct a) a combination of conduction and
answer displacement currents
List-I b) conduction current only
A. Coaxial line c) time varying conduction current
B. Rectangular wave guide and displacement current
C. Micro strip line d) displacement current only
D Coplanar wave guide
List-II Q.180 Phase velocity 'V," & group velocity
; gﬁasi TEM 'V,' wave guide (‘C is velocity of
3. Hybrid light) are related as
4. TEM a) V.V, =C?
Codes: v
A B C D b) %za constant
a) 1 4 2 3 8
b) 4 1 3 2 )V +V, =C
‘) 1 4 3 2 d) V. +V =a constant
d) 4 1 2 3 P

Q181 A rectangular wave guide

Q.176 When a particular mode is excited in
229cmx1.02cm  operates at a

a wave guide there appears an extra

electric component in the direction frequency of 11GHz in TE,) mode. If
of propagation. The resulting mode the maximum potential gradient of
is the signal is 5kv/cm, then the
a)TE b)TM maximum power handling capacity
c)longitudinal d)TEM of the wave guide will be
a)31.11mw b)31.11w
Q.177 For a wave propagating in air filled ¢)31.11kw d)3111Mw

rectangular wave guide.

a) guide wave length is never less  (,182 In cylindrical wave guides the

than free space wave length attenuation will be minimum, at a
b) wave impedance is never less

than the free space impedance .
c) TEM mode is possible if the

frequency which is \/5 times the cut
off frequency for the following mode

dimensions of the wave guide of operations:

are properly chosen 1. TE10 2. TM11
d) Propagatiqn constant is always a 3.TM,, 4.TE,,

real quantity _

Which of the above are correct?
Q.178 A cylindrical cavity resonates at 9 3)1'2'3(;}2 | 2); anjioniy

GHz in TE,,, mode. The bandwidth c)1and 2 only )3 and 4 only
3db is measured to be 2.4MHz. The e 2 _
Q of the cavity at 9GHz is Q.183 The directivity of a A long wire
a)9000/24v3  b) 9000/2.4\/2 antenna is

a)1.5 b)1.64

c) 9000/ 2-4% d) 9000 /2.4 )2 2

© Copyright Reserved by Gateflix.in No part of this material should be copied or reproduced without permission



GAIRIX

Q.184 An antenna located on the surface of

a flat earth transmits an average
power of 200kW Assuming that all
the power is radiated uniformly over
the surface of a hemisphere with the
antenna at the center, the time
average poyting vector at 50km is.

a)zero b) Ear Vy ,

c) %u%z d) —a MVV

Q.185 A dipole with a length of 1.5m

operates at 100 MHz while the other

has a length of 15m and operates at

10MHz, the dipole are fed with same

current. The power radiated by the

two antennas will be

a) The longer antenna will radiate
10 times more power than the
shorter one.

b) both antenna radiate  same
power

c) shorter antenna will radiate 10
times more power that the
longer antenna

d) longer antenna will radiate \m

times more power than the
shorter antenna

Q.186 An antenna can be modeled as an

electric dipole of length 5m at 3MHz.
Find the radiation resistance of the
antenna assuming uniform current

over the length.
a) 20 b)1m
) 4Q d)0.5Q

Q.187 A half wave dipole working at

100MHz in free space radiates a
power of 1000wattss. The field
strength at a distance of 10 kms in
the direction of maximum radiation
is

a) 1.73mv/m b)2.12mv/m
€)2.22mv/m d)22/.2mv/m

Q.188 A short current element has length
1=0.03A .The radiation resistance
for uniform current distribution is

a) 0.0727%Q b) 80722
€) 720 d) 80Q

Q.189 In a three elements antenna

a) All the three elements are equal
length

b) The driven elements and the
director are.

c) The reflector is longer than the
driven element which in turn is
longer than the director

d) The director is longer than the
driven elements which in turn is
longer than the reflector.

Q.190 Where does the maximum radiation

for an end fire array occur?

a) Perpendicular to the line of the
array only

b) along the line of the array

c) at45° to the line of the array

d) Both perpendicular to and along
the line of the array

Q.191 Multiple members of antennas are
arranged in arrays in order to
enhance what property.
a)Both directivity and bandwidth
b)only directivity
c)only bandwidth
d) Neither directivity nor bandwidth

Q.192 As the aperture area of an antenna
increases the gain
a) increases
b) decreases
c) remains steady
d) behaves unpredictably

Q.193 For a taking antenna for field
pattern, what must be the distance

R, between transmitting and
receiving antennas?

2D* 4D\
a) R> T b) R>
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D? 2D°
A)R>— d) R>——
) % ) %

Q.194 A transmitting antenna has a gain of
10.1t is fed with a signal power of
1w. Assuming free space
propagation, what power would be
captured by a receiving antenna of

effective area of 1m® in the bore
sight direction at a distance of 1m?
a)10w b)1w

c)2w d)0.8w

Q.195 A dipole antenna of )b8 length has

an equivalent loss resistance of 1.5Q
.The efficiency of the antenna is
a) 0.89159% b)8.9159%
€)89.159% d)891.59%

Q.196 A radio communication link is to be
established via the ionosphere The
virtual height at the midpoint of the
path is 300 km and its critical
frequency is 9 MHz. The maximum
usable frequency for the link
between the stations of distance 800
km assuming flat earth is
a) 11.25MHz b) 12 MHz
c)15MHz d)25.5MHz

Q.197 Assertion A : A wave guide does

not support TEM wave.

Reason R: For TEM wave to exist on

a transmission line, an axial

conduction current must be

supported

In question below, two statements A

(Assertion) & R (Reason) are given.

a) A and R both are correct and R is
the correct explanation of A.

b) A and R both are correct and R is
not the correct explanation of A.

c) Ais correct and R is incorrect.

d) Aisincorrect and R is correct.
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ANSWER KEY:

1 |2 |3 | 4|5 |6 |7 |89 10|11 |12 | 13 | 14
() | (b) [ (@) | (@ [()| Mb)@/ | MbB]|C] ]|/ @]([D
15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28
(@ | (d ][ (]| @[(]E][E][]@E@]C]|E]|@](@/]@/]C(MD
29 [ 30 | 31 |32 |33 |34 |35 |36 |37 |38 |39 | 40 | 41 | 42
(@ [M® [ B | d]@ | b)) (@ | @@/ (@©/|(@[][(@d]([ ][
41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
@@ ][ |Mb)|[@]@]MBG || @]/ @ E[d]|M@d,]I(@
55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68
(@ [ (d) | () | ()| (b) | (@ ()| (B[] (]|(](]Db)](b)
69 | 70 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82
M) | (| (@ |®)|@[M[][@]Mm]|@]@E]|M]|ME]([]([@
83 |84 | 85 |86 | 87 | 88 | 89 | 90 | 91 | 92 | 93 | 94 | 95 | 96
D@ @ |®G)[[d][@][[]@]@](C]|@]|Mm/]M/]MDb
97 | 98 | 99 | 100 | 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110
() | (b) | () [ (b) | (@) | (b) | (b) | (b) | (c) | (d) | (D) (] (D)](d)
111 | 112 | 113 | 114 | 115 | 116 | 117 | 118 | 119 | 120 | 121 | 122 | 123 | 124
(€ | (d) | (d) [ () |(b)]()]|MB) | (B)|@]C]|M]MO]C]C[C
125 | 126 | 127 | 128 | 129 | 130 | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138
(€ | (d | ([ ]| @ ]|@]|@] MbB)|®B|E]@E][O]ME]C[C
139 | 140 | 141 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 149 | 150 | 151 | 152
(€ | @ | (d[Mb)|[MbB)]@ || @@/ b ][E](@]C([C
153 | 154 | 155 | 156 | 157 | 158 | 159 | 160 | 161 | 162 | 163 | 164 | 165 | 166
(b)y | () | (0 | ()| (@) [ (@) [(d]()]|®b)]@]@/]|M]CM/]ICMD
167 | 168 | 169 | 170 | 171 | 172 | 173 | 174 | 175 | 176 | 177 | 178 | 179 | 180
(| ®) | (d |G| @][@][(@](]|@E]Db]|@]E]MD]C@
181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191 | 192 | 193 | 194
(| (d [ () [(d [ (B)] @] @] | OB | O]@R]|E]HE
195 | 196 | 197

(€ | (@ | (9
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EXPLANATIONS

Q.1

Q.2

Q.3

Q.4

Q.5

() Q.6
*Electric flux flows from +ve charge
to negative charge in the form of
field lines.

*Direction of flux and filed lines is
same

* Flux=charge

* but only one line will not emanate
from 1C of charge Q.7
(b)

The electric field on the surface of

inner shell is

_Q

41 <, R?

as the inner shell and outer shell is
separated by a distance R.

E=
Q.8

(@)
v-W

q
Potential is work done per unit

charge

(a)

Potential due to an electric dipole is
Q Lcos6

2

Ve Q.9

4neo r

(b)

1 ¢
€,= N 'm™C?
=(kgm /s*) 'm™(As)’
_ kg—1m—3s4 A?
[Mfl 13T AZ]

Q.10

(b)
Potential difference is given by
v workdone or Energy

charge

= 5—0 =5volts
10

charge

Q
E due to a dipole is given by

Qd

dne,r

E=

~[2cosB ar +sin6 4o]V/m

0 component is given by sinf

(c)
Y Y E
E, !
P
) —X; : Xy > x

X-component will cancel each other
hence the electric field will be only
in +y - direction.

(b)
Assuming ininer
shell at higher
potential
Electric field will directed from

higher potential to lower potential
and it varies with distance as r2.

()
The correct matching is

d
Faraday's Law:V = —%
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Qi1 (d)
D €, E+P

Q.12 (o)
Foul

(Er )glass

Q.13

Q.14

Q.15

Q.16

Q.17

=3.7 to0 10, (&,)

The capacitance of an isolated
sphere is

C=4ne,r

=1F wr= 1
4nte,

S
(E )alr 1 (E )glass =3.7 to 10 (EQ)polythEime aa%s’éq %‘\%We have

=2.2t0 2.4

If eis max, E is minimum.

polythene

(@)
V.D=p,

VE=L:

E=—P

- (2cosBar +sinbao)
dne,r

r_3_ dipole moment per unit

<.\

=2 o2¢
t/2

new

(d)

Electric field due to a sheet charge is

E—p—a
2¢ "
Where ay — Normal vector to the

sheet

-9
B =2>{$(—é2) — _36m 4,
2x —x107°
67
(b)

Q.19

Q.20

VD= p, V.(e E) =p, (D =€ E)
~V.(eVV)=p,(E=VV)
vV ="Pv
(S
(0
— 2
-0
=4
Since D is pointing away from the
surface p. must be positive

p,=4c/m’

(c)

vy = _Pv (using Poisson’s eqn) ..(1)

So

VZV:lgr2 of-6r
r? 8r Gr g,
=_—6><'5‘>0r3
eO

from (1) and (2)
T

S S

p, =180r’

(2)

Q= J.pvdv f OL ) 0180r3 r’sin0drd0d¢

=120n C

Q.21 (c)

Continuity equation is given by
ap,
ot

For charge free region (p, =0)

V]—

~VJ=0
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Q.22 (a)
Magnetic flux density,
B=Wb/m*
1Wb=1volt —sec
Volt—sec  ML'T™

mZ

=MT Q"

S B= TL?

Q.23 (c)
Energy stored per unit volume

EzleE2
2

Q.24 (c)
Electric fields is in positive x-
direction

Ez * El

\ (4,0,0)

40 ¢ » L

(01 0,_3) (0: 0:3)

Q.25 (a)

‘13‘ _ 1 QQ,

4-TE€0 r

10° x107°

(10°)

=9x10°>N

=9x10° x

Q.26 (c)

Q.27 ()
Resistivity, p= T

Q.28

Q.29

Q.30

Q.31

Q.32

_V A
I L

_MET? 117

Q IL

2m-2
_MUT? 1

IT 1
= ML'TI”?
(b) o
D=cE ¥ =ID.d S

Since Eocl hence pand w will be
(S

independent of €

(a)
D duetop, =5c/m’atr=3mis
Bl :&;r :§£‘r

2 2

Eduetopsz—Sc/mzatr=3mis
= Pyl A\ Sa

D;=—(-a |==-a

=5 ()=34

Total D=D, +D, =54 ¢ /m’

(b)
Energy stored in the field is given by

1 qnq,
4-TE€0 r

E=

. 9x10°x10°x4x10"°
JA+2) +(3-1)* +(~1-5)’
~5.14m]

(b)

Lapalce’s equation is given by

ViV =0

For V=r cos¢ the Laplace’s equation
will be satisfied.

(d)
VAV =V.(VV)
= Divergence of gradient of V.
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Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

(@)
p,=30nC/mat (0,3,5)

E=64.7a —86.33,V /m at (0,6,1)

E=?at(5,6,1)
E=_Pu
2ne, p

Where, o is the L'distance from
infinity long line charge to the point.
Here in both the case L"

p=\(3-6) +(5-1)} =5

Hence, field remains same

(b)
Method of images is used for finding
the boundary conditions

(c)
Electric field lines cut the
equipotential surface orthogonally.

(a) ) B )
Vx(VxA)=V(VA)-V’A

()

V= 1 a1 (v)
4neor 47t€0
1 1

47 €,

V=212 0=V =
q

(9

ohm’s law in field theory is given by

]=GE

(d)
using the method of image charge
q
;
V=0
N
T q
2d
l-q

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

1 2 1 2
Force, F= q—z = 1 -
47 €T 47 €, (Zd)
1 q
16ne, (d)z
(d)

Magnetic field due to a circular coil
of radius r at the centre is given by

H :EaN
H:l:L:zA/m

2r 21
(0
magnetic force is given by
F=q(VxB)=  qVBsin0a,
()

By Lorentz force law
F=QE+Q(VxB)

=Electric force +Magnetic force

(d)

A vector
V.A=0
=>k=-2

field is Solenoidal if

(0

cﬁdl =2nr =4n
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Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

(b)
The magnetic field due to a current
carrying coil will be parallel to the
axis

(a)
Due to symmetry the force on the
unit charge is zero.

(@)
a xa =0
(b)
Anticlockwise in both A and B
Decreasing
(d)
By using Boundary condition
~Hxa, =k
Let H=H,a, +H,a, +H,3,
~Ha —-Ha =5a —6a
Xy y X X y

H =-5 H =-6

y

H=-6a_-5a
(@)
boundary condition (Dielectric-
dielectric)
Dy, =Dy, =p,
€ Ey—& Ey, =p,
2e€,-6€,=p,
ps = _4 e0
()
Polarization is given by
P =€, XEE
X =e -1
~P =€, (e, ~1)E
(d)

Q.54

Q.55

Q.56

Q.57

Q.58

Q=CV

C _Q_4500u
vV 135

=33.3uF

(d)
L Etan =E

2.E_ =0
3. DN _DN =P

tan2

4.D, =D, (for charge free boundary)

(d)
The electric field between the plates
is zero

Ps Ps
(a)
(02)|—p +Q(22)
Ve
+0 —¢ .,
0,0 (2,0)

Net force is zero.

(a)

Properties of ideal conductor

* Field inside conductor is zero

* charge density inside conductor
Zero.

*charge are present on the surface

* conductor surface is equipotential.

(d) ey
_ ne 0
T T
Rl RZ

4 eV,

1 1

C:Q_R1 R,

Voo,
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Q.59

Q.60

Q.61

Q.62

Q.63

Q.64

_ AneV,
1 1
R, R,
R1R2
Rz - R1

C

=4re

(c)

Induced emf is given by
_nde

T dt
N — Number of turns
¢ — flux

v= 100(3t2 - 2) x107°

t=4

= 100(46) x107°% =4.6v

(b)
Energy stored in an inductor is
2

E= 112 = 1w04x| 22| —0.2x100

2 2 5
=20]
(b)
Any wave having arbitrary

polarization when incident at
Brewster’s angle, the reflected wave
is always linearly polarized

FoldixB=4x10"x5 (3, xd,)

= —2§ZmN

(b)

(b)

V*V =0 (Laplace’s equation)

If we consider the potential function
along x-axis than

o’V

— =0

[6)'¢

Here ¢ is potential function hence

Q.65

Q.66

Q.67

Q.68

2
6_(12) =0= @ =constant
Ox Ox
From figure Ld)l =constant
M =constant

2d
(1)2 _(I)l _ ¢3 _q)z j(l)z _ 2¢1 +¢3
d 2d 3
(c)
Skin depth (5) _1_ 2
o ®OUC

(c)
a, xa, =a,

Where a, — direction of wave

a,=4,x(-4,)=(-4,)=4
K y X Z Z

direction of wave= direction
power =+z
(d)
a,=a, xa,
=a, xéy =-a,
E, M
o "\e
0 E0
c c
=H, =E, [2=A |2
Ko Ho
~ IS .
H= |—%Acos co[t —Ej(—ax)
Hy c
€ ~
=— —"Acosm[t——]aX
My c
(S
=—j,|-*Asin (o[t —Ejax
Hy c
(d)

Phase velocity, Vp :%

of
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Q.69

Q.70

Q.71

Q.72

0) 20
wuc \A
=2

\/ uc

(b)

Phase velocity in dielectric medium

is

3x10® 3x10°

V = = =1.5x10°m/s
p \je_ 2 /
(b)
H=0.2cos(ot —Bx)
_H'n, 02x0.2x377
2

? 2
:7.54Vy ,
m

Total avg power is given by
P= P xarea=7.54xmx5"x10"

=592.19x10™*
=59.21mW
~60mW
(b)
Skin depth, § = 2
[Q]ile;
p=l o=2nf
(e
s | P
nfu
(d)
E _ Zn 2,
T
2E 2.[e;
E, €, +.5,
[ E,_n,-n_ V& -E j
E, n1+n2 € tJ&
g, =25

Q.73

Q.74

Q.75

Q.76

()

It is given by Brewster’s angle

€
tan6, = /—2
Sl

(b)

For free space
6:0,6:1,u=1,13=0j=0

(@) o
pointing vector, P=ExH
_v., A _Watt

m m m
(d)
For plane wave electric

are perpendicular to each other.

Q.77 (a)
In general
1
Velocity, v=
«/u €
~ 3x10°
\“"lr Er
8
310 1v10°mys
\J4.5%x2
Q.78 (b)
Wave is travelling in -y direction
2
_ H,n, _ 0.1x0.1x12.0m
e 2 2
PG
m”
B, =067 22t
m
Q.79 (a)

Intrinsic impedance,
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Q.80

Q.81

Q.82

Q.83

Q.84

El_ [p
n= H - €
(d)
Polarization is the direction of

electric field

a;=a, xa,

=a xa =-a
Z Z y

Since Electric field is oriented in y
direction it is polarized in y
direction.

(d)

By snell’s law

./el sme1 = «/62 sme2

(S
sin6, = /—1 sin®,
(S
2
3
— \/Ex£ ~1.22
2

Since Sin6 cannot be greater than 1
hence there will be no transmitted
wave.

(c)

()
v=—

B

8 8
w=6rx10° y=20 100 ¢
Mrer

_o 6nx108_18 ra/

v 10/
(a)

For a good conductor

Q.85

OUC

a=PB= 5

(d)

\/7 ,—X].ZOTC
= \/:x 120t =607
8

=60n = A=2

n e
= ue=10Tx Y+~ *
H 3x10°

A%
=0.042

Q.86 (c)

Velocity of a wave in free space is
given by
1

My S

V=

Q.87 (a)

Q.88

Q.89

Plane wave is given by
O’E O’E
xS

(b)
Rate of Energy flow is given by

b= ExFi =[] |Fsin63,

(d)
E=5cos(10° +302)3,
E, =5, ©=10°, =30

Q)]
= e =
VHSo 3x10°
\/E_:Ex3x108:£x3x108
T o 10°
-9
er:81
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Q.90 (a) _ E, E,
HO = E = 15 = i ° no Zo
n, 120m 8= For the wave traveling in +z
Direction of magnetic field =a, xa, direction Direction of E=a xa,
=3 xa_ =(4,+a, )x4,
=a, —-4, +3,
H =icos(6nx 10%t _an)éy For the wave travizlling in -z
o direction Direction of E=a,xa,
B=p H L R
e =(3,+3,)(-4.)
A0 os(6nx10°t— 2124 N
= an COS( TTX - nz)ay = ay —a_
=5x10" cos(61x10°t ~2nz) g (Ard )f(et—pz) (3, -3, )F(or—pz)
Z0 Z0
Q91 (a)
) Q.94 gb)
pP— ‘EO‘ E=0.1te'd, e=4¢,
2n, Displacement current density is
[ given tzy B
Mo = - 0D OE
EO ID = E = €& 5
B=o/n, €
o =4¢,{01e" ~0.1te "
o/, o _
—_ B =0.4¢,x0.1=0.04 ¢,
.=
®
Ho Q.95 (b)
g2 VD= p, —>Gauss's law
~P= 2%, VD= Py — Continuity equation
B o
1B€oC2E , VXIII:TC—>AmperelaW
2 o VxE:_FaB—)Faraday'slaw
Q92 (o)
W M Q.96 (b)
n=,—= 120% |— For static magnetic flux
© S V.E=0
120m
R S Q97 (9) o
’ Poynting vector, S=ExH
Q.93 (d) Q.98 (b)

By divergence theorem
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Sf)]?.dg = j(V.E)dV =0

—V.B=0 = Solenoidal

Q.99 (c)
J c

Loss tangent = ¢ = —_
J, oe
For perfect dielectric
e
J, e

=]. <],

Q.100 (b)
By time varying Maxwell’s eqn
VxH=],+],
oD
ot
For charge free region,6=0

.'.VxI:I:jweE

=joaeE

Q.101 (a)
For electrostatic field
Py
€
For charge free region, p =0

VxE=0, VE=

VxE=0, V.E=0

Q.102 (b)
0B

VxE=—2
ot

Taking surface integrate both side ,
we get

RVXﬁys:jﬁE?}g
Edl= j—ﬁB

Q.103 (b)

Loss tangent(tanod) = ﬂ -°
0e

Vxﬁzcﬁﬂmeﬁ

Q.104

=joae1?:[1+_i]
joe

=joe E(l—jtanS)

(b)

E=20cos(wt—Bz)a, +5cos(ot +pz)a,
First term represents a wave
travellingin +z direction, second

term represents a wave travelling
in -z direction.

[ZOcos((z)t —Bt)(éz xéx)+5cos(cot —[3t)(—£1Z x4, )J

L[ 20cos(wt-Bt)3, ~5cos(wt~p2)a, 8/,

Q.105 (c)

The given wave is travelling in a
conducting medium with

1
C(.—B—g

f= 22 is the frequency of the wave
T

Q.106 (d)

1—cos(2ot —2Bx)

sin®(wt —Px) = >

)
Velocity remain —

Q.107 (b)
l?) O‘)'\/He 0‘)\/“0“1" r 3 108
.'.Ba\fg

Q.108 (c)
Polarization vector gives the
direction of electric field.
Direction of Electric field x
Direction of wave propagation

=Direction of magnetic field

k=0 (since both are
perpendicular)
Q.109 (b)
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l

c coE c

f—

i j(er_j(oe

Q.110 (d)
E=10cos(3nx10°t—m )a_

®=3nx10°rad, = 75:3.14%1%rl

8
Vv _©_3mx10 =3x108ry
p B oI S

Q.111 (c)

Q.112 (d)

an |%m
Il
|
=
Il
|
EER

T B
e

E__B
'H, oc
Q.113 (d)

For lossy dielectric

e E(lﬂ-i]
c me

Using Binomial theorem

)
e 2me

Q.114 (¢
Helmhotz’s equation is
V’E=—’E

Where, ¥ — propagation constant

Q.115 (b)
Tangential component of electric
field

E =0

tan

Q.116 (c)
Direction of wave =Direction of
energy flow. Electric and magnetic
field are in space quadrature i.e.
perpendicular in space.

Q.117 (b)
er=4

Boofe S

3x10°8
10%4
3x10°

2
=—rad /m
3 /

Q.118 (b)
The unit of Poynting vector is power

density (Waty 2)
m

Q.119 (a)
Intrinsic impedance of free space

Q.120 (c)

1.
B, B
Q.121 (d)
According to Maxwell’s equation
VxE= _—aB
ot
L.H.S
a, a, a,
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B aEx A aEx ~ For increasing ‘t’ the electric field
VxE= 0z A~ Eaz moves in left direction hence it is left
R.H.S: circularly polarized.

% _ B,zsin(ot)wa Q.126 (d)
o oZsin(wt)wa, .

It is left elliptically polarized

From (1) we have Q.127 (c)

E=E +E
X y

* =B zsin(wt)o
=3sin(ot—Bz)+ 6sin(oat —Bz+ 750)

:3sin(mt—Bz)+6[sin(mt—Bz)}cos75°+cos(cot—Bz)sin75°

= %Bozzmsm(‘”t) :3sin(wt—Bz)+6sin(oat—Bz)cos75°+6sin75°cos(oat—[32)

=4.55sin(ot —pBz) + 5.79cos(cot — Bz)

E = Booasin(cot)J.ZdZ

Q.122 (b)
'>0to1 E, =V4.55" +5.79* =7.37
S—>1tow E 2
P:ZL:0.072V% ,
Q.123 (c) N m
=72mW/ , Hence, option (c) is the
n, =377, M =377 L1880 m
c 2 nearest answer.
n, =377 ’ =377x3=1131Q Q128 (c)
S
i Q.129 (a)
Mo
n, =377 6——377Q a2
Q.124 (c) _2mf2
In a perfect conductor the amplitude WUo
of electric field is given by 1
-xz AoL—=
Ee \ﬁ
: 1 .
At skin depth , 6:a ,magnitude hzﬂ _
becomes A, [ \/,—

E,e”’ =0.368E, =36.8%E,

Q.130 (d)
Q.125 (c) E=0.10x377cos(4x107t-pz)(4, x4, )
E :efj[}zejmt — ej((ﬂt*BZ)
s Pz jot _ j(mtfﬁz+90°) N
Ey =je e =e :—37.7cos(4>< 107t—[32)ay %n
As ‘EX‘ :‘Ey‘ and there is a phase
) Q.131 (a)
shift of 90° between E,andE  hence For a lossless Tx line
it is circularly polarized. R=G=0
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Q.132 (b)

A
A— transfer is
u

frequency load i.e. for impedance
matching purpose.

used for high

Q.133 (b)

VSWR =

r =
L
ZL+Z

~.VSWR="2L for Z, >7,

N |rN

0

_L for Z,>Z,
L

VSWR :7—5 =1.5
50

Q.134 (d)
_ R
forR, =100, R, =1 =120 _,
Z, 50
_ R
forR, =250, R, =t=22_1
Z, 50 2

0
2. L
After n distance on transmission line
the normalized impedance inverts.

Q.135 ()
The impedance of quarter wave
transformer is

Zy, =+|ZyyZy, =\50X72
=10x6=60Q

For coaxial cable |,
impedance is given by

7y~ 13 10g( 2

0x \/e_ g d
D — diameter of outer conductor
d — diameter of inner conductor

60=138log D
10

D=10x10°"% =26.9mm

~27mm

characteristic

Q.136 (b)
Z,.=jz,tanpl

Since l<&,let l:&
4 8

2t A 0w
Pl 8™
Zs- =)z tanZ = jz
SC 0 4 0
Which implies a purely inductive
impedance

Q.137 (d)
Z,=\Z.Z

SCocC

=+420x5=10Q

Q.138 (c)
For a lossless transmission line

\/f 0.294x10°°

60x10"
=700

Q.139 (¢)

Reflection coefficient is given by
7, -7
7, +7Z

L 0

0

p asp<l1

Q.140 (a)
For a TEM mode transmission line
wave travels in the transverse

plane w.r.t. Eand H

Q.141 (d)
For Z, =7, (Matched Load)
1—~L _ ZL _Zo

ZL + Z0
1+ \FL\

p_1—ﬁ -

=0

1

Q.142 (b)
For R1 =225Q the VSWR is
225
=229 _3
P 75
For R, =75 the VSWR is
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75
—_ —,—= 3
P=25
Q.143 (b)
This is the case of matched load. In
case of matched load the
impedance  measured at any

distances is same as characteristic
. 1.
impedance. Hence, at n distance from
the load impedance measured is Ro.

ivenited Zo =R Ro
h 34/g >
Q.144 (a)

Z; =100Q

For a distance of 7¥4 the

normalized impedance inverts.
Normalized load impedance,

Y Z, 50
Normalized input impedance,
7 -+ _1
mn ZL 2
172 _Zin_1
n ZO 2
Zin=£:5—0:25§2
2 2
Q.145 (b)
7 —7 Z, cosPl+jZ,sinPl
70 Z, cosBl+jZ, sinpl
por o 2X10°
f 100x10°
Bl=2T =21 n
A 2

(30-j40)cos

50cosTm

(sinn = O)

=(30-j40)Q

Q.146 (a)
Ve 2x10° 4
f 50x10°

in

_7 Z, cosBl+jZ,sinfBl
0 Z,cosBl+jZ, sinfBl
=7 (sinnt=0)
Reflection
distance l is
Z(H)-Z
ray=20-%
Z()+7Z,
Since impedance is same at load and

input end hence reflection
coefficient is also same

coefficient at any

Q.147 (a)
By snell’s law

B,sin0, =P, sin0,
\/gsinel :\/gsine2
sin®, _ \E

sin0, \/g

For critical angle 0, =90°

S

<

.0, =sin™

Q.148 (b)
VSWR, p:(1+rL]=1.73
1-T

L

o=l 17327, —86.61

(0]

Reflected voltage is,

© Copyright Reserved by Gateflix.in No part of this material should be copied or reproduced without permission



GAIRIX

V. =I'|V, =0.268x15=4.02V Q.152 (¢)
Load Voltage is, Vi=Vi-V,=15- Short circuit stub is used for
4.02=10.98V impedance matching. It is
Power delivered to the load is connected at a specific distance from
2 2 the load.
= A = 10.98 =1.39W
Z,  86.61 Q.153 (b)
A line is said to be distortion less
Q.149 () R G

If === =RC=LG
L C

1
LA (Velocity of wave)
Je. LC

Also, characteristics impedance, Q154 (b)
2t A W
L Bl=—x—==—
7 == L 8 4
¢ \C For a short circuit line
:ﬁ:ZO\/E ZSC :]ZOtanBI
Vo1 =jZ, = purely inductive
\E Z,C
Q.155 (¢)
=7 = \*/; Z
o yC Characteristics impedance, Z, = Y
Q.150 (d) Propagation constant , V=+/ZY
i =u= Z
For a lossless line , R=G=0 When Z, =Z,, Z. =Z, :\F
Y= \/(R+ij)(G+jmc) Y
o+ jB:«/jzoozLC =jonLC Q.156 (b)
=0, B:(D\/E VSWR . =20log(p)
6 =20log(p)
Q.151 (d) p=10%?°=2
: . Z,-1, 11
Reflection coefficient, I, 7 +7 Reflection coefficient, I = p=>_=
L% p+1 3
_40+j30-50
40+j30+50 Q.157 (a)
_—10+j30 _—1+j3 Z,, =[ZZ, =\/50x200
90+j30  9+j3 =100Q

nf=y 2oL Q158 (a)
81+9 3 )

High frequency transmission lines

1+ ‘F ‘ 1+ 1 suffers from heavy losses.
VSWR,p = Ll 3 _
1-r| ;1 Q.159 (d)
3 Low VSWR means less reflections.

For short circuit the reflection is
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highest, then for horn and finally
the reflections are minimum for
matched load.

Q.160 ()

For % distance the normalized

. . A
impedance inverts whereas for 2

distance the impedance value
repeats.
Q.161 (b)
For maximum power transfer
Z =500
8
_C_ 3><106 _10m
f 30x10

z, +jz, tanfl
Zinzzo{ - : }

z, +jz, tanfl

50:50{100+j50tan31}
50+j100tanfl
50+j100tanpPl=100+j50tanfl
j50tanBl=50

jtanpBl=50
1=
b 4
21 0 A 10
—Xx]l=—=]=—=—
A 8 8
=1.25m

Q.162 (a)

For short circuit the minima occur

atthe load end. Now, when RL is
locations are

that R <Z,

connected minima
same. This means

Z
VSWR,p =0 =72 (+2Z,>R,)
RL RL

R, == =250

Y op

Q.163 (a)
Z _=jz,tanfl

5C M

Inductive

Capacitive 0

Q.164 (b)

e~
f

Since, frequency is doubled A is
halved

27
1=—1
B A

Since, A is halved fl will be doubled.
Hence the impedance would be —jz

Q.165 (a)
For a distortion less line

L=Z,"C=50x50x10"
=0.25uH

Q.166 (b)

For distortion less line

oc=x/RG
= ’R.RE = R\/§
L L

Q.167 (d)
-V
d
2
P:VE —V=+PR
EocE
d
Q.168 (b)
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Q.169 (d)
For both TE and TM waves the
propagation constants is same.

Q.170 (b)
For H,, mode cut off frequency

2 2
1 (mn] (nnj
f = +| —
2n pe\/ a b
1 1 ¢

:2ﬂ/ue;:£
A, :f£:2a:16cm

C

Q.171 (a)

w"
Q.172(a)
TE,, mode is called the dominant

mode. It has lowest cut off
frequency and highest cut off
wavelength.

Q.173 (d)
TEnis the dominant mode in a
circular wave guide

Q.174 ()
For TE,, (dominant mode)

f—C

© 2a
ae 3x10°
2f  2x10x10°
1.5
=——m
100

=1.5cm (broad wall dimension)

Aspectratio = % =2

~b=2=0.75cm
2

Q.175) (d)
The dominant mode of micro strip
line is Quasi TEM.

Q.176) (b)

For TM mode the electric field
component is non zero in the direction of
wave propagation

Q.177) (a)
A

o =—oun 0 for
g

]

propagation f >f
* Mem <Mo Nre > Mo

« TEM mode is impossible inside a
rectangular wave guide
« V=jB for wave propagation which

wave

is purely imaginary (a.=0)

Q.178) (d)

_ Resonantfreq  9x10’

"~ Bandwidth 2.4x10°
9000

2.4

Q.179) (d)

only displacement current is the

axial currentin a hollow wave guide
Q.180) (a)
V = ¢ >cC

Q.181) (c)
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GAIRIX

£ o 3x10°

© 2x2.29
Maximum power handling capacity
of the wave guide for the TE mode
is

=6.55GHz

P= E° ab
Zn max
6.55)
1| 222
[ 11 j 2 " )
:—x(5x10) x2.29x107x1.02x10
2x120m
=31.11kW
Q.182 (d)

For cylindrical waveguide TE, and

TM,, have highest attenuation .
They are called as degenerate mode.

Q.183 (b)
D 4r
_ﬂﬁwmg

cos(% cos 9)
— v & 7 f

or dipole
sin© P

Directivity,

F(0)=

antenna
D=1.64

Q.184 (d)
Transmitted powers, P, = P, xarea

P,  200kw

T
area  2nur’

P :4_05ruw ,
T m

avg

avg

Q.185 (b)
For a Hertz dipole
Power radiated, P_, =I’R

2
Rrad =807 [lj
A

For 1stdipole,

rad

1=1.5m x=%=3m

2 2
R .= 8071[1] =80n(1]
A 2
For 2nd dipole
1 15 1
» 30 2
Q.186 (a)
¢ 3x10°
f 3x10°

2
Rrad =807 [lj
A

2
=80r* [1—;’0J =1.97Q~2Q

100m

Q.187 (c)

Q.188 (a)
2
_ o 1) 2 2
R_, =80n [X =80n’(0.03)
=0.0721°Q

Q.189 (c)

Q.190 (b)
The front view of an end fire array
is as shown below.
—_—— - — —— —— — — 0 — 9

Direction of

Array axis max radiation

Q.191(b)
Antenna arrays are used to enhance
the directivity in a given direction.

Q.192(a)
Gain of the antenna is
41A
G= % £
2D?
"N

R
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GAIRIX

Q.193 (a)
For taking antenna far field
2w
A

R>

Q.194 (d)

PthGr A

4mr?
_1x10
4r

P =

0.8w

Q.195 (c)

2 2
R _=80rn° l =80r’ 1 =12.337Q2
rad 7\, 8

R =1.5Q

loss

R R
"R R iR
input rad +
12.337

N 12337+15

loss

=0.89159=89.159%

Q.196 (c)
Maximum usable frequency is given

Q.197 (¢)
TEM mode can never be supported
inside a wave guide
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