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ELECTROMAGNETIC THEORY SOLUTIONS
GATE- 2010

Q1.  An insulating sphere of radius a carries a charge density

p(;): ,oo(a2 —rz)cosﬁ;r <a.
The leading order term for the electric field at a distance d, far away from the charge
distribution, is proportional to
(a) d (b) d” (c)d” (d)d™
Ans: (c)

Solution: V(r)={ljpdf+%jpcosﬁdr+--},
I"V v

arnr

I* term, der:'” J‘ ,oo(a2 —rz)cosé?xr2 sin @drdOd¢ = 0
000
1™ term, Ipcos&’dr:ﬁ.Tpo(az —rz)cos2 Oxr’sin@drdOdg + 0.
000
1 1
:>V66r—2:>Ear—3

Q2.  Two magnetic dipoles of magnitude m each are placed in a plane as shown in figure.

The energy of interaction is given by

2
7 by Hom’”
(@) Zero (b) £
() 2 (d) - o
27d? 87’
Ans: (d)

Solution: U = 4/;(33 [ﬁ’l -, _3(’771 ";)(’;12 ';)]:

Since m;, L m, =>m,-m, =0 =>U :ﬁ[—3xmcos45° xmcos45°]

_3;10m2
8xd®

=U-=
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Q3.

Ans:

Q4.

Ans:

Qs.

Ans:

Statement for Linked Answer Questions 3 and 4:
Consider the propagation of electromagnetic waves in a linear, homogeneous and

isotropic material medium with electric permittivity ¢ and magnetic permeability .

For a plane wave of angular frequency ® and propagation vector k propagating in the

medium Maxwell’s equations reduce to

(d)
If ¢ and x assume negative values in a certain frequency range, then the directions of

the propagation vector k and the Poynting vector S in that frequency range are related
as

(a) k and S are parallel
(b) k and S are anti-parallel
(©) k and S are perpendicular to each other

(d) k and S makes an angle that depends on the magnitude of |¢| and |y

(a)

Consider a conducting loop of radius @ and total loop resistance R placed in a region with
a magnetic field B thereby enclosing a flux ¢. The loop is connected to an electronic

circuit as shown, the capacitor being initially uncharged

|
C

out
\—r J’_

X X
X X
X X
X X
Bx
X X
X X
X X

If the loop is pulled out of the region of the magnetic field at a constant speed u, the final
output voltage V,,, is independent of

(a) o (b) u (c)R dC

(a)
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Q6.  If a force F is derivable from a potential function ¥(r), where r is the distance from the
origin of the coordinate system, it follows that
(a) VxF =0 (b) V-F=0 () VV =0 (d) V>V =0

Ans: (a)

Q7. Two charges ¢ and 2q are placed along the x -axis in front of a grounded, infinite

conducting plane, as shown in the figure. They
are located respectively at a distance of 0.5 m and
1.5 m from the plane. The force acting on the < 0.5m—>¢ 2
charge g is 5 X
, 1.5m

1 7q 1 2
a — b 2
@) dre, 2 ®) 4re, 1

1 1 q° =

2 q P
c d g
()47r50q ()47r30 2
Ans: (a)

Solution: Using method of Images we can draw equivalent figure as shown below:

—2q —q<—0.5m—><0.5m=> 2q

bt ittt e el — — - —————— - —> X

1.5m 1.5m

_ 4.2, 49,2 |_q Tqg_ 1 7¢"
- 2 2 2 | -
4re, (1) (1) (2) dre, 2 4mg, 2
Q8. A uniform surface current is flowing in the positive y-direction over an infinite sheet
lying in x-y plane. The direction of the magnetic field is
(a) along i forz > 0 and along —i forz <0
(b) along k forz > 0 and along —k forz <0
(c) along —i forz> 0 and along i forz <0

(d) along —k forz > 0 and along k forz <0
Ans: (a)
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Q9. A magnetic dipole of dipole moment m is placed in a non-uniform magnetic field B. If

the position vector of the dipole is r , the torque acting on the dipole about the origin is

(a) 7x(mxB) (b) 7xV(m-B)
(c) mx B (d) mxB+rxV{n-B)
Ans: (c)

Q10. A spherical conductor of radius a is placed in a uniform electric field E =E01€. The

potential at a point P(r, 0) for » > a, is given by

3
E,a
2
r

cosd

@(r, ) = constant — E,r cos 6 +

where 7 is the distance of P from the centre O of the sphere and € is the angle OP makes
with the z-axis P

The charge density on the sphere at § = 30° is

(a) 3v/3&,E, /2 (b) 3g,E, /2 i i
(¢) V3&,E, /2 () £,E, /2
Ans: (a)
2E,a’
Solution: o = —eoa—V =—g, [— E, cosO— 03a cosé
81’ r=a 7 r=a

33

o =-¢€, [— E,cos0-2E, cose]:> o =+3E,&,cosf = +3E,&,c0s30" = TSOEO

Q11. Which of the following expressions for a vector potential 4 DOES NOT represent a

uniform magnetic field of magnitude B, along the z-direction?

(a) 4=(0,B,x.0) (b) 4 =(-B,».0,0)
~_[ Box Byy ~_[_Boy Byx
(c)A_[ = ,o) (d)A—[ = ,oj
Ans: (c)

Solution: B # VxA .
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Statement for Linked Questions 12 and 13:
A plane electromagnetic wave has the magnetic field given by

—

B(x,y,z,t)=B, sin{(x + y)% + wt}lg

where k is the wave number and 7, j and ¥ are the Cartesian unit vectors in x, y and z
directions respectively.

Q12. The electric field E(x, y,z,t) corresponding to the above wave is given by

(a) CBO sin (x+y)i+a)t (l;‘]) (b) CBO sin (X+y)i+a)t ( +~])

V2o 2 V2o V2

A

~.

V2 V2

(c) ¢B, sin (x + y)i + wt (d) cB, sin (x + y)i +wt | j

Ans: (a)

Solution: E:—%(I;xé)z—ﬁ —k(i+j)><Bo sin{w+wt}l€

kK| 2 2

E = cB, sin {(x+y)i+a)t} (i _ )

N P
Q13. The average Poynting vector is given by
cB; (f —j‘) cB; (z —j‘) cB; (f +j‘) cB; (z +j‘)
@t -2 g e g e
2u, \/E 24, \/E 2u, \/E 24, \/5
Ans:  (d)

2
¢B,

kA_CBOZX_ lA+j _—CBOZ>< lA+]A
2p, 21y V2 2 44y V2

Solution: S =
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Q14. The space-time dependence of the electric field of a linearly polarized light in free space
is given by XE, cos(a)t —kz) where Ey, o and k are the amplitude, the angular frequency

and the wavevector, respectively. The time average energy density associated with the

electric field is

1 1
(a) ZgoEg (b) EgoEo2 (©) 80E02 (d) 250E§
Ans: (a)
Solution: u, = %eoE2 = %EOEZ cos®(wt —kz) =< u, >= %eoEOz
Q15. A plane electromagnetic wave traveling in free space is incident normally on a glass plate

of refractive index 3/2. If there is no absorption by the glass, its reflectivity is

(a) 4% (b) 16% (c) 20% (d) 50%
Ans: (a)
2 2
Solution: R =| 212 =(1_3/2j LA 04 or 4%
n, +n, 1+3/2 4 25
Q16. The electric and the magnetic field ( ) andE(z,t), respectively corresponding to the

scalar potential ¢(z, t) = 0 and vector potential ;l(z, t) =itz are

(a) E":fzandﬁz-jt (b) E:fzandf%:}t
(¢) E =—izandB =t (d)E =—izand B =t
Ans: (d)
Solution: E = —V¢—8—A = _oA =—iz, B=VxA=+]t.
ot ot

Q17. A plane polarized electromagnetic wave in free space at time =0 is given

by E(x,z) =10, exp[i(6x + 82)] . The magnetic field B(x, z,¢) is given by

(a) B(x,z,1)= 1 (6/€ —8i )exp[i(6x +8z—10ct )]

C
(b) B(x,z,1)= l(612 +8i ) xpli(6x + 8z —10cz )]
C
(c) B(x,z,1)= 1 (6/2 —8i )exp[i(6x +8z—ct)]
C
(d) B(x,z,t)= l(61\? +8i )exp[i(6x +8z+ct)]
C
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Ans:

(a)

—

Solution: B = l(Ig X E) L & E|= 1(6;1;08];} X IOjexp[i(E.F - a)t)]

QI8.

Ans:

= — TX
c c ‘k‘ c
S AT T
B= —(6k —8i )exp[l(6x +8z-10ct), w=10c.
C

Two infinitely extended homogeneous isotopic dielectric media (medium-1and medium-2

. . . & £ ) A

with dielectric constant —~=2and~% =35 | respectively)

& £
0 0 medium - 1

meet at the z = 0 plane as shown in the figure. A uniform

electric field exists everywhere. For z > 0, the electric field
medium-2 | 7=0

is given by El =2{-3] +5k . The interface separating the

two media is charge free. The electric displacement vector

in the medium-2 is given by

(a) D2 =&, |10 +15] +10k] (b) D> = £, [107 —15] +10f]
(¢) D2 = &, |4 — 6] +10k] (d) D> = &, |4 + 6] +10k]
(b)
Solution: v E! = El = EU =2/ - 3;
L 1 G oh ~ = 2 A% At

ando, =0 = Dj\ =D; = By = Ef ==~k =2k = F, =21 -3]+2%

| .
= D, = &,, =, [10; ~15] + 10k

GATE-2013

Q109.

Ans:

At a surface current, which one of the magnetostatic boundary condition is NOT
CORRECT?

(a) Normal component of the magnetic field is continuous.

(b) Normal component of the magnetic vector potential is continuous.

(c) Tangential component of the magnetic vector potential is continuous.

(d) Tangential component of the magnetic vector potential is not continuous.

(d)
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Q20.

Ans:
Q21.

Ans:

Interference fringes are seen at an observation planez =0, by the superposition of two
plane waves 4, expli(l;1 T —a)t)J and 4, expli(l_é2 -r —a)t)J, where A, and 4, are real

amplitudes. The condition for interference maximum is

@) [k, &, )-7=(2m+1)r ®) (£, — &, )-7 = 2mx
© (6, + &, )-7=(2m+1)r ) (£, +%, )-7 = 2mz
(b)

For a scalar function ¢ satisfying the Laplace equation, §¢ has

(a) zero curl and non-zero divergence
(b) non-zero curl and zero divergence
(c) zero curl and zero divergence

(d) non-zero curl and non-zero divergence

(©)

Solution: V@ =0 = %(6(0): Oand=> V x (6(0): 0.

Q22.

Ans:
Q23.

Ans:

A circularly polarized monochromatic plane wave is incident on a dielectric interface at
Brewaster angle. Which one of the following statements is correct?

(a) The reflected light is plane polarized in the plane of incidence and the transmitted
light is circularly polarized.

(b) The reflected light is plane polarized perpendicular to the plane of incidence and the
transmitted light is plane polarized in the plane of incidence.

(c) The reflected light is plane polarized perpendicular to the plane of incidence and the
transmitted light is elliptically polarized.

(d) There will be no reflected light and the transmitted light is circularly polarized.

(c)

A charge distribution has the charge density given by p = Q{5 (x - X, )— o (x + X, )} For

this charge distribution the electric field at (2x,,0,0)

2ch2 (b) Ox : © Ox

2
e, x, 4reyx, 4reyx;

&

2
l67e,x,

(a) (d)
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2

3
X

X

Solution: Potential V' (r)= []i de’ + ]i Mx'd)c' + j Mx'za’x' + }
. X —a -a

Q24.

Ans:
Q25.

Ans:

1
47,
First term, total charge
Or = [ plx')ax’ =QT5(x’ —x, )dx' = O j S(x'+x,)dx'=0-0=0
Second term, dipole moment
p =[xl =0 [¥8(x'—x, )i — 0 [ ¥8(x' + x, )i’ 0, — O x —x, =20,
_20%, o OV . 40,

~ 40x, A D _a
= 2 = = 3 X = 3 X = 5
4re,x ox 4re,x 47e,(2x,) 87e, X,

V

A monochromatic plane wave at oblique incidence undergoes reflection at a dielectric
interface. If /gl. ,/gr and 7 are the unit vectors in the directions of incident wave, reflected

wave and the normal to the surface respectively, which one of the following expressions

is correct?

(@) (& =0 ) b=k )ia=0 () &xa)k =0 (@ (Fxa)k =0

(c)

In a constant magnetic field of 0.6 Tesla along the z direction, find the value of the path
integral M -dl in the units of (Teslam®) on a square loop of side length (1/ V2 ) meters.

The normal to the loop makes an angle of 60° to the z-axis, as shown in the figure. The

answer should be up to two decimal places.

0.15
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2
Solution: §Z-$=I(§x2)da=[§.da=BAcos60° =O.6X(L] ><%=0.15T.m2
S S

NG

GATE-2014
Q26. Which one of the following quantities is invariant under Lorentz transformation?
(a) Charge density  (b) Charge (c) Current (d) Electric field
Ans: (b)

Q27. An unpolarized light wave is incident from air on a glass surface at the Brewster angle.
The angle between the reflected and the refracted wave is
(a) 0° (b)45° (c)90° (d)120°

Ans: (c)

Q28. The electric field of a uniform plane wave propagating in a dielectric non-conducting

medium is given byE=)2lOcos(67z><107t—0.4izz) V/m . The phase velocity of the

wave is 10°m/s
Ans: 1.5
,
Solution: 1122267”<10 =1.5%10% m/sec

0.4r
Q29. If the vector potential A=axk+2 yy —3zz, satisfies the Coulomb gauge, the value of the
constant « is
Ans: 1
Solution: Coulomb gauge condition VA=0=a+2-3=0=a=1

Q30. A ray of light inside Region 1 in the xy -plane is incident

A)Y
at the semicircular boundary that carries no free charges.
The electric field at the point P(ro,%) in plane polar P (r 0> 7/ 4)
: Cm e aa . . . 0 >
coordinates is £, =7¢, —3e,where ¢, and ¢, are the unit & £, X
) ) ) ) Regio Region 2
vectors. The emerging ray in Region 2 has the electric
field E2 parallel to x -axis. If & and ¢,are the dielectric

. . . g, .
constants of Region-1 and Region-2 respectively, then —= is
81

H.No. 40-D, Ground Floor, Jia Sarai, Near IIT, Hauz Khas, New Delhi-110016
Phone: 011-26865455/+91-9871145498

Website: www.physicsbyfiziks.com | Email: fiziks.physics@gmail.com
10



fiziks
LISIK2

fiziks

Institute for NET/JRF, GATE, IIT-JAM, M.Sc. Entrance, JEST, TIFR and GRE in Physics

Ans: 2.32

Solution: " E, = 7¢é, —3e,

= E, =(7¢,-3¢,).% = Tcos45+3sin 45 =

=V

& £,
Regio Region 2

o =

= E, =(7é,-3¢,).5 =Tsin45-3sin45 =

- E
Thus E, makes an angle = tan™' {E—VJ =tan"' [%j =21.8’

X

Ll g & @ndS g where 6§, = a — 45’ and 6, = 45"
tand, & & tan23.2

Q31. The value of the magnetic field required to maintain non-relativistic protons of energy

1MeV in a circular orbit of radius 100 mm is Tesla

(Given:m, =1.67x10""kg, e=1.6x10""C)

Ans: 1.44
2 p2 p2 1.6x10"°) B2 (0.1)’ 1.6x10"° x2(1.67x10™
Solution: £=9BR 1 6x10" :( ) 2(7 ) — B’ = ( - - )
2m, 2(1.67><10 ) (1.6><10’19) (0.1)
102 %x2(1.67x1077 40
— B’ = ( ) _3.34x10 =2.08 = B =~/2.08 Tesla =1.44Tesla

(1.6x107%)(0.01)  1.6x10°°

Q32. In an interference pattern formed by two coherent sources, the maximum and minimum

intensities are 9/ ,and /, respectively. The intensities of the individual wave are
(a) 3/,and/, (b) 4/,and (c) 5/,and4/, (d) 91,and /,
Ans: (b)

Solution: 7, :(\/IT+\/Z)2 and /. :(\/Z—\/Z)z
91, =(\/Z+\/Z)2 and I, =(\/Z—\/Z)2 — 1 =41, and I,=1,

Q33. The intensity of a laser in free space is150mW /m’ . The corresponding amplitude of the

electric field of the laser is r (30 =8.854x107*C? /N.mz)
m
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Ans: 10.6

-3
Solution: 7 = ~ce,E2 = E, = £=\/ 20101061 /m
2 cg, N3x10°x8.854x10

GATE-2015

Q34. A point charge is placed between two semi-infinite conducting plates which are inclined

at an angle of 30° with respect to each other. The number of image charges

1S

Ans.: 11
Solution: n :@—1 :@—1 =11
o 30

Q35. Given that the magnetic flux through the closed loop PORSPis ¢. If | A-dl = ¢, along

ek

POR , the value of | A-dl along PSR is

N — %

O R

S
(@) =9, (b)g, —¢ (©) —¢, (d) ¢
Ans.: (b)
. - - - - R — — P - — R — — R — —
Solution: ¢ = B.da =gSA.dz =jp A-dl +jR A-dl = p=4 —jP A-dl = jp A-di=¢ ¢
Q36. The space between two plates of a capacitor carrying charges + Q and — Qs filled with

two different dielectric materials, as shown in the figure. Across the interface of the two

dielectric materials, which one of the following statements is correct?

(a) E and D are continuous

(b) Eis continuous and D is discontinuous

(¢) Dis continuous and E is discontinuous +Op A-0

(d) E and D are discontinuous

Ans.: (d)
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Q37. Four forces are given below in Cartesian and spherical polar coordinates

2
—-r

(i) 7, :Kexp[ e

|

A

r

(iii) F, = K(x*%+ )

(i) F, = K(x*$ - y°2)

~

¢

where K is a constant Identify the correct option

(a) (i11) and (iv) are conservative but (i) and (ii)are not
(b) (1) and (i1) are conservative but (iii) and (iv) are not
(c) (11) and (111) are conservative but (i) and (iv) are not

(d) (1) and (ii1) are conservative but (ii) and (iv) are not

Ans.: (d)

.= = 1
Solution: Vx Fi = ——

r-sind

Xy

-

ox Oy

0 ki’

x oy

VxF, =2 O

ox Oy

kx3 ky3

-

VxFa=— 1 |0

r-siné|or

0

r
Kl 0

or
r2
kexp [_Fj 0

z
9
Oz

—ky

[e) g)|0) N>

r6
9
06

0

3

rsin 6’&
9
o

) k
rsin @x—
r

7 sin 0&
0

o9
0

=;A~[kcos<9]><

)

(iv) F, = K(—

= x(-3ky* =0)+£(3kx* —0) = —3ky’x + 3kx’

r*sin @
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Q38. A monochromatic plane wave (wavelength = 600nm ) E,expli(kz - wt)] is incident

normally on a diffraction grating giving rise to a plane wave E, expli(l;1 F— a)t)J in the

V3

first order of diffraction. Here E, < E, and k, = ‘l%‘{%)%+72} The period (in gm) of

the diffraction grating is (upto one decimal place)
Ans.: 1.2
grating
Solution: dsinf=nA=d = _/1 n=1 i
sin @ -
- Lk,
and k, =|k| Lo V3, D
2 2 e | >z
vk =lk|z
. (1. B3, | :
o . zZX E.X + 72 1 '
—sing =k _ —259=30°
[ \/ E \/ 1 3 2
—F X, =+
4 4 4 4
=>d= _600 nm =1200 nm=1.2 um
sin 30

Q39. A long solenoid is embedded in a conducting medium and is insulated from the medium.
If the current through the solenoid is increased at a constant rate, the induced current in
the medium as a function of the radial distance » from the axis of the solenoid is

proportional to

(a) »* inside the solenoid and 1 outside  (b) r inside the solenoid and Lz outside
r r

(c) »* inside the solenoid and LZ outside (d) 7 inside the solenoid and 1 outside
r

r
Ans.: (d)
Solution: CPE’-di :—ja—B~de;
ot
# dl | dl 2zr* |- dl
For r<R, |E2xr =—pun— | 27zr'dr' = —p,n— =——un—r
| Ho dtrlo gy = El= gy
o dl | dl 27 R’ . 1 dl
For r>R, |[E27nr=—un— | 2zr'dr' = —p,n— =——un—~=~R*
‘ H dtr,[() a2 ‘ ‘ r
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Q40.

Ans.:

A plane wave (fc + ij/)EO exp[i(kz - a)t)] after passing through an optical element emerges
as (£ —ip)E, expli(kz— )] , where k and @ are the wavevector and the angular

frequency, respectively. The optical element is a

(a) quarter wave plate (b) half wave plate
(c) polarizer (d) Faraday rotator
(b)

Solution: Incident wave: (;c + i)A/)EOe’B = [EO cos fx — E,sin 0;/}

Q41.

Ans.:

Left circular polarization with phase angle ¢, =—6 = 0¢”

Emergent wave: (;c - 1):) E,e” = [EO cos@x + E, sin 95/]

Right circular polarization with phase angle ¢ = +6 = 8¢

Thus there is phase change of 7 and hence path difference is %

A charge — ¢ is distributed uniformly over a sphere, with a positive charge ¢ at its center
in (1). Also in (ii), a charge — ¢ is distributed uniformly over an ellipsoid with a positive
charge ¢ at its center. With respect to the origin of the coordinate system, which one of
the following statements is correct?

X AX

Y. Y .
(1) (11)
(a) The dipole moment is zero in both (i) and (ii)

(b) The dipole moment is non-zero in (i) but zero in (ii)

(c) The dipole moment is zero in (i) but non-zero in (i)

(d) The dipole moment is non-zero in both (i) and (ii)

(a)

Solution: p = quf”; =0 in both cases.
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GATE-2016
Q42. Which of the following magnetic vector potentials gives rise to a uniform magnetic field
Bk ?
2 A B 2N By(~
(a) Byzk (b) —B,xj (¢ 70(— Vi + x]) (d) 70()/1 +x])
Ans.: (c)

Solution: (a) VxA=0
(b) VxA=-Bk
(c) VxA=Bjk

(d) VxA=0
Q43. The magnitude of the magnetic dipole moment associated with a square shaped loop

carrying a steady current / is m . If this loop is changed to a circular shape with the same

current / passing through it, the magnetic dipole moment becomes £ . The value of p
Vs

is

Ans.: 4

Solution: Magnetic dipole moment associated with a square shaped loop (let side is a) carrying a
steady current [ is m=la’.

Magnetic dipole moment associated with a circular shaped loop (let radius is 7) carrying a

steady current [ is m'=Ixr’.

Here 4a=277r:>r=2—a:>m'=17rr2 =Ir
T

(2(1}2 3 4la® _4m
V4 T 7
Q44. In a Young’s double slit experiment using light, the apparatus has two slits of unequal

widths. When only slit-1 is open, the maximum observed intensity on the screen is 4/,,.
When only slit-2 is open, the maximum observed intensity is /,. When both the slits are

open, an interference pattern appears on the screen. The ratio of the intensity of the
principal maximum to that of the nearest minimum is

Ans.: 9
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(ﬁwi)z_(JE+JZ)2_(2JK+JZ)2_9IO_9

[maxz _ _ _
b (FB] (] (o]

Q45. An infinite, conducting slab kept in a horizontal plane carries a uniform charge density o .

Solution:

Another infinite slab of thickness ¢, made of a linear dielectric material of dielectric
constantk , is kept above the conducting slab. The bound charge density on the upper

surface of the dielectric slab is

c c ok -2) olk—1)
a) — b) — c) ———= d ——~=
(a) oy (b) . (c) o (d) ;
Ans.: (d) +o
. | k | —O'l /I\Z
Solution: 0
Electric field due to infinite, conducting slab inside the dielectric is E=Z3= iké
E &
- — k-1 = k-1
Polarisation P=8016E=50(k—1) O-kézo-(k )2:>(71=P.2=O-( )
)

Q46. The electric field component of a plane electromagnetic wave travelling in vacuum is
given by E(z,¢)= E, cos(kz — et )i . The Poynting vector for the wave is

~

(a) (%)Eé cos’ (kz —at)j (b) (%)Eé cos’ (kz — a)t)lé

A

(c) ce,E; cos’(kz— at)] (d) ce,E2 cos® (kz — wt )k

Ans.: (d)
Solution: E(z,¢)=E, cos(kz — at)i = B = L 5x E(z,t)= ﬂcos(kz ~ot)]
c c
The Poynting vector for the wave is
2
S = L(Ex E) = icos2 (kz— a)t)/€ = c&,E; cos® (kz— a)t)lg
Hy HoC

Q47. The x —y plane is the boundary between free space and a magnetic material with relative
permeability 2. . The magnetic field in the free space is Bxf + leg. The magnetic field in

the magnetic material is

(a) Bi +B.k (b) B.i + 11 Bk (c)iBj +B.k (d) 4, B.i+B.k

r
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Ans.: (d)
R BII BH .
Solution: B =Bk=By and H' =H) =>—1=—2- =Bl =uB' =y Bi
Hy  HH,
The magnetic field in the magnetic material is B i + BZ/€
GATE- 2017

Q48. Identical charges g are placed at five vertices of a regular hexagon of side a. The

magnitude of the electric field and the electrostatic potential at the centre of the hexagon

are respectively

q q
a) 0,0 b ,
@) ®) drgya’ Amega

q 59 (d J5¢ 3¢

c 9 T o 2 -
(©) dreya’ Ameya dreya’ dmega
Ans. : (¢)
Solution: The resultant field at P is £ = —Z 5
dre a
. . . 5q
The electrostatic potential at P is V' =
4re,a

Q49. A parallel plate capacitor with square plates of side 1m separated by 1 micro meter is
filled with a medium of dielectric constant of 10. If the charges on the two plates are 1C
and —1C, the voltage across the capacitor is.............. kV . (up to two decimal places).
(&, =8.854x107" F /m)

Ans.: 11.29

-6
Solution: g =¥ =f&Ay py_ ¢4 _  IxIxI0 ~11.29kV
d &6.4 8.854x107" x10x1

Q50. Light is incident from a medium of refractive index n =1.5 onto vacuum. The smallest

angle of incidence for which the light is not transmitted into vacuum is...............
degrees. (up to two decimal places)

Ans.: 41.8

Solution: siné,. = m_ L =, =sin"' (Lj =0.=41.8
n 15 1.5
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Q51. A monochromatic plane wave in free space with electric field amplitude of 1 V'/m is

normally incident on a fully reflecting mirror. The pressure exerted on the mirror

1S. i, x10™" Pa . (up to two decimal places) (&, =8.854x107" F /m)
Ans.: 8.85
. 2] 2 1 2 2 —12 2 —-12
Solution: P =_=_XECEOEO =¢&,E; =8.854x107"" x(1)” =8.85x107" Pa
c c

Q52. Three charges (2C ,—1C,—-1C ) are placed at the vertices of an equilateral triangle of side

Im as shown in the figure. The component of the electric dipole moment about the

marked origin along the y direction is......... Cm.
y

Ans.: 1.73
Solution: p =—1(1%)~1(2%)+2(1.5% +41-0257)
Along the yp direction=2x~/1-0.25 =1.73
Q53.  An infinite solenoid carries a time varying current (7) = At*, with 4#0. The axis of

the solenoid is along the Z direction. 7 and 6 are the usual radial and polar directions in
cylindrical polar coordinates. B = B.7 + B9é+Bzé is the magnetic field at a point outside

the solenoid. Which one of the following statements is true?

(@) B.=0,B,=0,B_=0 (b) B, #0,B, #0, B, =0
(c) B, #0,B,#0,B. #0 (d) B.=0,B,=0,B_#0
Ans. : (d)

Q54. A uniform volume charge density is placed inside a conductor (with resistivity 10~ Qm ).

The charge density becomes

of its original value after time....... Fermi seconds

1
(2.718)
(up to two decimal places) (&, =8.854x1072 F/m)
Ans. : 88.54
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Solution: p(t) = p(0)e ™" = —ot/&, =In j((é)) =i 2.71 T

= =50 —8.854x1072 1072 = 88.54x 107" sec = 88.54 fo
(o2

Q55. Consider a metal with free electron density of 6x10°* cm ™. The lowest frequency of
electromagnetic radiation to which this metal is transparent, is 1.38x10' Hz . If this
metal had a free electron density of 1.8x10% c¢m™ instead, the lowest frequency
electromagnetic radiation to which it would be transparent is............... x10"° Hz (up to

two decimal places).

Ans. : 2.39
Solution: Cut-off frequency is f oc Jn.

23
Thus £2= "2 = ¢ = 7 "2 o ¢ —138x10%, | L8X107 5 39510 p2
2 1 2 22
£ n, n, 6x10

GATE- 2018

Q56. Among electric field ( E ), magnetic field (B ), angular momentum ( L) and vector

potential ( 4 ), which is/are odd under parity (space inversion) operation?

(a) E only (b) E and 4 only

(c) E and B only (d) B and L only
Ans. : (b)
Solution: Under parity operation » — —r

E= _2_1: ; E:P—-E

B=IxF B:P—>+B

L=rxp ; L:P—>+L

E= —Z—Ij ; A:P—>-4
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Q57. An infinitely long straight wire is carrying a steady current /. The ratio of magnetic

energy density at distance 7, to that at r, (=27 ) from the wire is

Ans. : 4
: > (2
Solution: uB=B—ocL2:>ﬂ=%=( 21)=4
28y TT ug K

Q58. A light beam of intensity /; is falling normally on a surface. The surface absorbs 20%

of the intensity and the rest is reflected. The radiation pressure on the surface is given by

X1,/c,where X is (up to one decimal place). Here ¢ is the speed of light.
Ans. : 1.8

. .. 1 1 I
Solution: Radiation pressure =% — (—0.8—‘)) =182
c c c

Q59. The number of independent components of a general electromagnetic field tensor
is
Ans.: 6

Solution: In Cartesian co-ordinate, three Independent coordinate for electric field, (Ex,Ey,EZ)

and three Independent co-ordinate for magnetic field (Bx, B ,B. )

Q60. Consider an infinitely long solenoid with N turns per unit length, radius R and carrying

a current /(t)=acoswt, where o is a constant and @ is the angular frequency. The

magnitude of electric field at the surface of the solenoid is

(a) % HyNRwo sin wt (b) % H,®NR cos ot
(¢) #yNRwosin ot (d) y,wNRcoswt
Ans. : (a)

1,NI ()2, inside

Solution: B =
0 , outside

Since, qSE-di=—jaa—?~dﬁ

line

= ‘E‘ x27R = —p,N (—awsin ot ) x TR’
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= ‘E‘ = %,uONRa)a sin ot

Q61. A constant and uniform magnetic field B = Bol€ pervades all space. Which one of the

following is the correct choice for the vector potential in Coulomb gauge?

A

(a) =B, (x+y)f (b) B, (x+y)j (©) Boxj (d) —%BO (xf—y]')

Ans. : (c)

Solution: Check option (c),
V.4-0, B=Vxi=Bj

Q62. A long straight wire, having radius a and resistance per unit length 7, carries a current
I . The magnitude and direction of the Poynting vector on the surface of the wire is
(a) I’r/2ma , perpendicular to axis of the wire and pointing inwards
(b) I’r/2rza , perpendicular to axis of the wire and pointing outwards
(c) I’r/ ma, perpendicular to axis of the wire and pointing inwards
(d) I’r/ za, perpendicular to axis of the wire and pointing outwards

Ans. : (a)

v y ud IR 1

TR
Solution: ‘S‘zu_o‘(EXB)‘:ﬂol P T
g

2ra

-V = IR, r=£:>‘§‘:
!

Q63. A quarter wave plate introduces a path difference of 1/4 between the two components

of polarization parallel and perpendicular to the optic axis. An electromagnetic wave with

E= ()2 + j/)EOei(kZ_”’t) is incident normally on a quarter wave plate which has its optic axis
Y

making an angle 135° with the x - axis as shown. 4

The emergent electromagnetic wave would be )
Optic axis™, L1 {350

(a) elliptically polarized

(b) circularly polarized
(c) linearly polarized with polarization as that of incident wave
(d) linearly polarized but with polarization at 90° to that of the incident wave

Ans. : (¢)
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Q64. An electromagnetic plane wave is propagating with an intensity / =1.0x10° Wm™ in a
medium with e=3 ¢, and = y,. The amplitude of the electric field inside the medium
is x10° Vm™" (up to one decimal place).

(€,=8.85x10"C*’N'm™, y, =47 x107 NA?,c=3x10°"ms™")

Ans. : 6.6

20 2 _77 K

ve 1 €
E—

-7
= B2 =2x10° |20 —2x10°, |40 4363 4x10¢
3e, 3x8.8x10

= E~66x10° 6.6x10°V /m

Solution: I:lveE2 — F? =

GATE-2019

Q65. The electric field of an electromagnetic wave is given by E :3sin(kz—cot)fc+

4cos(kz —a)t)j/. The wave is

(a) linearly polarized at an angle tan™' (%) from the x - axis

(b) linearly polarized at an angle tan™' (%) from the x - axis

(c) elliptically polarized in clockwise direction when seen travelling towards the observer
(d) elliptically polarized in counter-clockwise direction when seen travelling towards the
observer

Ans. : (d)

Solution: At z=0, £ =-3sinaot, E =4coswt

Y

A

Atot=0, E, =0, E, =4 //
< » X

Atwt=2, E =3, E =0
20 y
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Q66. An infinitely long thin cylindrical shell has its axis coinciding with the z -axis. It carries a
surface charge density o,cos¢ , where ¢ is the polar and o, is a constant. The
magnitude of the electric field inside the cylinder is

o o o

a) 0 b) —° c) —2 d) —°

(a) ()260 ()360 ()460
Ans. : (b)

Rd
Solution: dE = i _ (9, cos¢)(Rd9) _ Sucosé
2re, R 2re, R 2w €,
o, f o,
Along axis of cylinder dE, =dE cos¢p = E, =—"— j cos’ pdep =—2
2r ey 2¢,

Q67. A circular loop made of a thin wire has radius 2¢m and resistance 2€2. It is placed
perpendicular to a uniform magnetic field of magnitude ‘E’O‘ =0.01 Tesla. At time =0
the field starts decaying as B =Z§Oe‘”’° , where #, =1s . The total charge that passes
through a cross section of the wire during the decay is Q. The value of O in uC
(rounded off to two decimal places) is

Ans. : 6.28

Solution: ¢ = W) _ —A—dB, e - _d91

dt dt R dt R
d¢ A 9 d —t/ty \ _ 2 —t _
3—5——72'7" E(Boe )—72'1" Boe (tO —1)
K L r’ 7B, e
Q0= J-I(t)dt =I Bye 'dt = Ll —
0 o R -1 0
=3.14x(2x10?) x0.01 = 6.28uC
Q68. The electric field of an electromagnetic wave in vacuum is given by
E=E,cos(3y+4z-1.5x10"t) %
The wave is reflected from the z =0 surface. If the pressure exerted on the surface is
a € E; , the value of a (rounded off to one decimal place) is
Ans. : 0.8
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Solution: K =37 +4z
K, 3

y

tand, = Ki =

z

I 2 1 4
P=2-cos@, ==x—¢, cE; x—
c c 2 5

P=08¢, E;
Q69. A solid cylinder of radius R has total charge O distributed uniformly over its volume. It
is rotating about its axis with angular speed w. The magnitude of the total magnetic

moment of the cylinder is

(2) OR*w (0) O (©); 0w @ OR%0
Ans. : (¢)
. . . rowR*
Solution: Magnetic moment due to disc u = q
. wwR*
Due to cylinder d u = ( pdz) (G =4 pdz)

SR ey 4

_ R’ j» 0 P OwR*
7T
Q70. An infinitely long wire parallel to the x -axis is kept at z=d and carries a current / in

the positive x direction above a superconductor filling the region z <0 (see figure). The

magnetic field B inside the superconductor is zero so that the field just outside the

superconductor is parallel to its surface. The magnetic field due to this configuration at a

point (x,y,z>0) is 2
A

1 —(z—a’)}'+yl€
(a) (ILIO .
27 [y2+(z-d) ]

[ . G r A7 Y .
(b)(,uolj (z d)]+)2)k+(z+d)] yic g
2z | y2+(z—d) y2+(z+d) v > X

Y ~ A superconductor / '
o[t it T
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@ (uolj yj+(z—d)l€+yj—(z+d)/€
27 y2+(2_d)2 y2+(2+d)2

Ans. : (b)

Solution: Verify that B=0, when d =0
The vector potential inside a long solenoid with n turns per unit length and carrying

Q71.
current / , written in cylindrical coordinates is Zl(s,¢,z) =’u°Tn]s¢3 . If the term
ponl ( ~ . a . = .
s acos¢¢+ﬂsm¢s), where ¢ #0, f#0 is added to A(S,¢,z) , the magnetic
field remains the same if
(@) a=p ®) a=-p (©) a=2f @ a=L
Useful formulae: Az = QS’ + lﬁ& + @2;
oS Sop oz
- 0 - o\ sv
Txgo| 1P e |0, VR 1 o(sv) _ov, 2
s 09 Oz 0z Os s| Os o¢
Ans. : (d)
Porg
Solution: B=Vx 4 :l DA = p,nlz
rior 0¢ 0Oz
A4, rd; 0
r r¢? z
§'=§x;1'=l£ 9 Q:,uonl (OKCOS¢+1)—M z
rlor O¢ oz 2
A4, rd; 0

Equate B'= B = [(0{ cosg+1)— ﬂc;s¢} = pynl

B B

= aCcosSP="—CoSP = a="—
/ 2 9 2
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Q72. For a given load resistance R, =4.7 ohm, the power transfer efficiencies (77 = Mj of
total
a dc voltage source and a dc current source with internal resistances R, and R, ,
respectively, are equal. The product R R, in units of ohm’ (rounded off to one decimal
place) is
Ans. : 22.09
Solution: For dc voltage source
Rl
2
| vV VYW
total — and PR = RL
1 + L ' Rl + RL
e % R,
77 _ PRL RL
de vol — =
Botal Rl + RL

For dc current source

2
R,R R,I
Py=1"| | and B =I/R =| —* R,
: R, +R,

R, +R,

® iR

WWA

R
R+R, R, +2RL =R (R, +R,)=R,(R+R,)=RR, =R

= RR, =(4.7)" =22.09 O’
Consider a system of three charges as shown in the figure below:

$ (r.6)

Q73.
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For r=10 m;0 =60 degrees; ¢ =10 Coulomb, and d =107 m , the electric dipole
potential in volts (rounded off to three decimal places) at a point (r,@) is

Nm?*

1
c !

4r e,

[Use: =9x10’

Ans. : 0.045
Solution: Monopole moment = —%—%+ qg=0

p= () L () g ()

p=qdz
1 p-r 1 gqdcosO

2,

Vi(r,0)= =
(.0) dre, r* 4re, 1

10° x107° x cos 60°

(10)

V(r,0)=9x10" x

10°°

2x100

=9x10° x =0.045

Q74. The electric field of an electromagnetic wave is given by E =3sin(kz—a)t)fc+

4cos(kz—wt)y . The wave is

(a) linearly polarized at an angle tan™ (gj from the x - axis

(b) linearly polarized at an angle tan™ (%j from the x - axis

(c) elliptically polarized in clockwise direction when seen travelling towards the observer
(d) elliptically polarized in counter-clockwise direction when seen travelling towards the
observer

Ans. : (d)

Solution: At z=0, E =-3sinaot, E, =4coswt

)
At wt=0, E, =0, E, =4 /ﬂ‘
> » X
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Atot=", E =-3, E =0

Q75. In a set of N successive polarizers, the m™ polarizer makes an angle (%j with the

vertical. A vertically polarized light beam of intensity / is incident on two such sets with
N=N,and N=N,, where N, >N,. Let the intensity of light beams coming out be
I(N,) and I(N,), respectively. Which of the following statements is correct about the

two outgoing beams?

(a) I(N,)>1(N,); the polarization in each case is vertical

(b) I(N,)<I(N,); the polarization in each case is vertical

(¢) I(N,)>1(N,); the polarization in each case is horizontal

(d) 1(N,)<I(N,); the polarization in each case is horizontal
Ans. : (c)

Al 12\
Solution: I(N,)=1,| cos ne , I(N,)=1,| cos ifd{ind
N N,
I(Ny)>1(N))

For last polarization, pass axis will be horizontal.

Ex: N, =5
1(5)=1, | cos(18" )]10 = 0.6051,
N, =10

1(10) = 1, [cos(9* )TO =0.7801,

1(10)> 1(5)
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