Electromagnetic Waves

Questionl

A plane electromagnetic wave propagating in x-direction is described by
E_=(200Vm )sin [1.5 % 10t~ 0.05x] ;

fhe intensity of the wave is :
(Use E,=8.85x 10 “C'N 'm %)

[27-]Jan-2024 Shift 1]

Options:

A.

35.4Wm~2
53.1Wm~2

26.6Wm ™2
D.

106.2Wm 2

Answer: B

Solution:
1 sus
1= == xc
Lo
I= %xg_asx 1072 x4 x 10*x 3 x 10°

I=53.1W/m?

Question2

An object is placed in a medium of refractive index 3. An

electromagnetic wave of intensity 6 x 108W/m? falls normally on the
object and it is absorbed completely. The radiation pressure on the

object would be (speed of light in free space = 3 x 108m/ s):

[27-Jan-2024 Shift 2]



Options:
A.

36Nm ™2

18Nm~2

6Nm 2
D.
2Nm~2

Answer: C

Solution:

Radiation pressure =

<]

_I-u

C

6 10% % 3
3% 10°

= 6N/ m"

Question3

A plane electromagnetic wave of frequency 35MHz travels in free space

along the X-direction. At a particular point (in space and time) E =9.6jv/m.
The value of magnetic field at this point is :

[29-Jan-2024 Shift 2]
Options:
A.

3.2 % 10T
B.
3.2% 10°8T
C.

e
9.6jT



9.6 x 10 kT
Answer: A

Solution:

=C

by by |ty

=3x10°

e B e G

3x10°  3x10°

B =32x10°T
B =VXE

AN Fal Fal
=i }cj' = .ﬁ?

So,

B =32x10°%T

Question4

The electric field of an electromagnetic wave in free space is
represented as = ~F.cs@r B

The corresponding magnetic induction vector will be :

[30-Jan-2024 Shift 1]
Options:
A.

— A
B = EDCcos{mf—kz]j

B.

— EU % s

B = —cos(wt— f
= ( )Jj

C.

— M
B =EDC05(a>f—kz}j

o

o
C

—
B:

cos{mf+k:z)}

Answer: B

Solution:



. —_— A

Given E =E jcos(wi—kz)i
— E, A
B = o cos(wt — k=) j

C=F %B

Question5

Match List I with List I1

List-l List-11
Gauss's law of il

A. L |$E-da=Lipav
magnetostatics %
Faraday's law of

B. | electro magnetic | Il Sﬁg : E’a =—0
induction

— — -,

C. | Ampere's law .| $E-dl= EIB -da
Gauss's law of =

D [\ . I=—ul
electrostatics $B - d o

Choose the correct answer from the options given below:

[30-Jan-2024 Shift 2]
Options:

A.

A-1, B-III, C-1V, D-1I

B.

A-TI1, B-1V, C-1, D-II

C.

A-1V, B-TI, C-III, D-I

D.

A-I1, B-III, C-1V, D-I

Answer: D

Solution:

Maxwell's equation




Question6

In a plane EM wave, the electric field oscillates sinusoidally at a

frequency of 5 x 1010Hz and an amplitude of 50Vm~1. The total average
energy density of the electromagnetic field of the wave is : [Use €0 =

8.85 x 10~ 12C2/Nm?]
[31-Jan-2024 Shift 1]

Options:

A.

1.106 x 10~8Jm—3
B.

4.425 x 10~8ym—3
C.

2.212 x 107 8m~3
D.

2.212 x 107103
Answer: A

Solution:

"

E E°

u 0

Pl | b=t

E

U

: % x 8.85 x 10712 x (50)2

=1.106 = 107%7/m’

Question7
Given below are two statements:

Statement I: Electromagnetic waves carry energy as they travel through
space and this energy is equally shared by the electric and magnetic
fields.

Statement II: When electromagnetic waves strike a surface, a pressure
is exerted on the surface.

In the light of the above statements, choose the most appropriate
answer from the options given below:

[31-Jan-2024 Shift 2]

Options:



A.

Statement I is incorrect but Statement II is correct
B.

Both Statement I and Statement II are correct.

C.

Both Statement I and Statement II are incorrect.
D.

Statement I is correct but Statement II is incorrect.

Answer: B
Solution:

) .5 B
R By s
LT

Question8

If frequency of electromagnetic wave is 60MHz and it travels in air
along z direction then the corresponding electric and magnetic field
vectors will be mutually perpendicular to each other and the wavelength
of the wave (inm ) is:

[1-Feb-2024 Shift 2]
Options:

A.

2.5

B.

10

D.
2

Answer: C

Solution:



3
Sl = S5m

N
f  60x10°

Question9

IfE and K represent electric field and propagation vectors of the EM
waves in vacuum, then magnetic field vector is given by : ( w— angular
frequency) :

[24-]Jan-2023 Shift 1]

Options:

- -
D.KXE
Answer: A

Solution:

A A
Magnetic field vector will be in the direction of KX E
i - E_K
magnitude of B = C u)E
L

- - -
Or B= —\KxXE
w

Questionl0

The electric field and magnetic field components of an electromagnetic
wave going through vacuum is described by

E_ = E;sin (kz — wt)

B, = B,sin (kz — wt)

Then the correct relation between E; and B is given by

[24-Jan-2023 Shift 2]

Options:
A.kE, = wB,
B.E,B, = wk



D. E0 = kB0
Answer: A

Solution:

Questionll

All electromagnetic wave is transporting energy in the negative z
direction. At a certain point and certain time the direction of electric
field of the wave is along positive y direction. What will be the direction
of the magnetic field of the wave at that point and instant?
[25-Jan-2023 Shift 1]

Options:

A. Positive direction of x
B. Positive direction of z
C. Negative direction of x
D. Negative direction of y

Answer: A

Solution:

Solution:

As , poynting vector

- - -

S=ExH

Given energy transport = negative z direction

Electric field = positive y direction

(—k) = (+7) x [T]

Hence according to vector cross product magnetic field should be positive x direction.

Questionl1?2

Which of the following are true?

A. Speed of light in vacuum is dependent on the direction of
propagation.

B. Speed of light in a medium in independent of the wavelength of light.
C. The speed of light is independent of the motion of the source.

D. The speed of light in a medium is independent of intensity.

Choose the correct answer from the option given below :

[29-]Jan-2023 Shift 1]



Options:

A. A and C only
B. B and D only
C. B and C only
D. C and D only

Answer: D

Solution:

Solution:
Speed of light does not depend on the motion of source as well as intensity.

Questionl13

Given below are two statements:

Statement I : Electromagnetic waves are not deflected by electric and
magnetic field.

Statement II : The amplitude of electric field and the magnetic field in

electromagnetic waves are related to each other as E; = ?BO
0

In the light of the above statements, choose the correct answer from the
options given below:
[29-Jan-2023 Shift 2]

Options:

A. Statement I is true but statement II is false
B. Both Statement I and Statement II are true
C. Statement I is false but statement II is true
D. Both Statement I and Statement II are false

Answer: A

Solution:

Solution:
Statement-| is correct as EMW are neutral.
Statement-Il is wrong.

E, = \/ LBo
Bo&g

Questionl4



Match List-I with List-II.

List- List-ll

A. Microwaves l. Physiotherapy

B. UV rays [l. Treatment of cancer
C. Infra-red rays | lll.Lasik eye surgery
D. X-rays IV. Aircraft navigation

Choose the correct answer from the option given below:
[31-Jan-2023 Shift 2]

Options:

A. A-11, B-1V, C-I11, D-1
B. A-1V, B-1, C-II, D-III
C. A-1v, B-11I, C-1, D-II
D. A-I11, B-II, C-I, D-IV
Answer: C

Solution:

Solution:

Questionl5

Match the List-1I with List-II:

List | List 1l

A. Microwaves |. Radio active decay of the nucleus

B. Gamma rays | |l. Rapid acceleration and deceleration of electron in aerials
C. Radio waves | lll. Inner shell electrons

D. X-rays IV. Klystron valve

Choose the correct answer from the options given below:
[1-Feb-2023 Shift 1]

Options:
A. A-1, B-II, C-III, D-IV
B. A-1V, B-I, C-II, D-III

C. A-l, B-111, C-1V, D-II



D. A-1V, B-III, C-II, D-1

Answer: B

Solution:

Based on theory.

Questionl6

The ratio of average electric energy density and total average energy
density of electromagnetic wave is:
[1-Feb-2023 Shift 2]

Options:
A 2
B.1
C.3

1
D.§

Answer: D

Solution:

Ug > = Ug > = 5 < Uy =~ -

u
So B! _

u total )

N[+

Questionl?7

The energy density associated with electric field E and magnetic field B
of an electromagnetic wave in free space is given by (g, — . permittivity

of free space, 1, - permeability of free space)
[6-Apr-2023 shift 2]

Options:
€,E° B2
A Uy= —— U 2
EZ llOB2
B.Ug= 553 Ug= 3




Answer: A

Solution:

Solution:
By theory of electromagnetic waves
Ug = %EOEZ and
1 B
U,= =
B 21,

Questionl138

The waves emitted when a metal target is bombarded with high energy
electrons are
[8-Apr-2023 shift 2]

Options:

A. Microwaves
B. X-rays

C. Radio Waves
D. Infrared rays

Answer: B

Solution:

Solution:
By theory

Questionl19

The amplitude of magnetic field in an electromagnetic wave

propagating along y-axis is 6.0 x 10~ ’T. The maximum value of electric
field in the electromagnetic wave is
[10-Apr-2023 shift 2]

Options:
A.2x10%vm™

B.2 x 10"vm™!



C.6.0x 107 'Vm™!
D. 180Vm™’

Answer: D

Solution:

In electromagnetic wave, E j = B,C
E,=6x10""x3x 10°E, » Amplitude of electric field
=18 x 10* B, » Amplitude of magnetic field

= 180v/m C » Speed of light

Question20

A plane electromagnetic wave of frequency 20 MHz propagates in free
space along x-direction. At a particular space and time, E=6.6v/m.
What is B at this point?

[11-Apr-2023 shift 2]

Options:

A. —2.2 x 107%kT
B.-2.2x 10781T
C.2.2 x 1078kT

D.2.2x10781T

Answer: C

Solution:

E 6.6 -8
B| = LEl = =2.2x10
B C x 108

-
fB

Question21

Given below are two statements: one is labelled as Assertion A and the
other is labelled as Reason R

Assertion A : EM waves used for optical communication have longer
wavelength than that of microwave, employed in Radar technology.



Reason R : Infrared EM waves are more energetic than microwaves,
(used in Radar) In the light of given statements, choose the correct
answer from the options given below.

[12-Apr-2023 shift 1]

Options:

A. Ais true but R is false

B. Both A and R are true and r is the correct explanation of A

C. A is false but R is true

D. Both A and R are true but R is NOT the correct explanation of A

Answer: C

Solution:

Solution:

Question22

Which of the following Maxwell's equation is valid for time varying
conditions but not valid for static conditions:
[13-Apr-2023 shift 1]

Options:

A §D-dA=Q
B.§E-a’1=_%
C.§E-dl=0
D.$B-dl = pgl

Answer: B

Solution:

For static conditions
- -
$E-dl =0
For time varying condition,
0Py

E-dl
PRl =5

Question23

Given below are two statements :



Statement I : Out of microwaves, infrared rays and ultraviolet rays,
ultraviolet rays are the most effective for the emission of electrons from
a metallic surface.

Statement II : Above the threshold frequency, the maximum kinetic
energy of photoelectrons is inversely proportional to the frequency of
the incident light.

In the light of above statements, choose the correct answer form the
options given below

[13-Apr-2023 shift 2]

Options:

A. Statement I is false but statement II is true
B. Both Statement I and Statement II are true
C. Statement I is true but statement II is false
D. Both Statement I and Statement II are false

Answer: C
Solution:
Solution:

UV rays have maximum frequency hence are most effective for emission of electrons from the metallic surface.
KE . =hf —hf,

Question24

In an electromagnetic wave, at an instant and at a particular position,
the electric field is along the negative z axis and magnetic field is along
the positive x-axis. Then the direction of propagation of electromagnetic
wave is :

[13-Apr-2023 shift 2]

Options:

A. negative y-axis

B. at 45° angle from positive y-axis
C. positive y-axis

D. positive z-axis

Answer: A

Solution:

Solution:
g -
Direction of propagation of EM wave will be in the direction of (E X B)



Question25

Match List I with List II of Electromagnetic waves with corresponding
wavelength range :

Listl List Il

(A) Microwave | (l) 400 nm to 1 nm

(B) Ultraviolet | (II) 1 nm to 10> nm

(C) X-Ray (1) 1 mm to 700 nm

(D) Infra-rad (IV)0.1m to 1 mm

Choose the correct answer from the options given below :
[15-Apr-2023 shift 1]

Options:
A. (A)-(IV), (B)-(I), (C)-(I1D), (D)-(II)
B. (A)-(IV), (B)-(I), (C)-(1I), (D)-(I1I)
C. (A)-(D), (B)-(IV), (C)-(II), (D)-(IIT)
D. (A)-(1V), (B)-(1ID), (C)-(I), (D)-(I1I)
Answer: B

Solution:

Microwave

Radiowave

Infra-red —4——» A > 700nm
Visible —t+— 400 nm to 700 nm
Ultraviolet ————» A < 400 nm
X-1ay | E—Increases
A—Decreases
Question26

A plane electromagnetic wave travels in a medium of relative
permeability 1.61 and relative permittivity 6.44. If magnitude of

magnetic intensity is 4.5 x 10"2Am™"! at a point, what will be the
approximate magnitude of electric field intensity at that point?

(Given : Permeability of free space p, = 4m X 10"'NA"?, speed of light in
vacuum ¢ = 3 x 103ms™1)



[24-Jun-2022-Shift-1]
Options:

A.16.96Vm™!

B.2.25 x 107 *Vm™*
C.8.48Vm™*

D. 6.75 x 10°vm™!

Answer: C

Solution:

H =45x%x102
So B = p,uH

Thus E = %B (where n= refractive index)

3x108x41x107%x1.61 x4.5x%x 1072
V1.61 X 6.44

SoE =

Question27

The electric field in an electromagnetic wave is given by

E = 56.5sinw(t — x / c)NC™'. Find the intensity of the wave if it is
propagating along x-axis in the free space.

(Given : £, = 8.85 x 10""°C*°N"'m™?)

[25-Jun-2022-Shift-1]

Options:

A. 5.65Wm ™2

B. 4.24Wm™?
C.1.9 x 107 "Wm™?

D. 56.5Wm™?

Answer: B

Solution:
1 2
I = ESOEO C
= %8.5 x 10~ 12 x (56.5)% x 3 x 10°

= 4.24W / m?




Question238

The electromagnetic waves travel in a medium at a speed of

2.0 x 10%m / s. The relative permeability of the medium is 1.0. The
relative permittivity of the medium will be :
[25-Jun-2022-Shift-2]

Options:
A.2.25
B. 4.25
C. 6.25
D. 8.25

Answer: A

Solution:

n=

<lo
N[

VEp =n

= 9_
So€=7=225

Question29

If Electric field intensity of a uniform plane electromagnetic wave is
given as E = —301.6sin(kz — wt)a_+ 452.4sin(kz — wt) éy Y. Then

magnetic intensity ' H of this wave in Am~! will be:

[Given : Speed of light in vacuum ¢ = 3 x 10°ms™!, Permeability of
vacuum .p, = 40 x 107'NA™?]

[26-Jun-2022-Shift-1]

Options:

A. +0.8 sin(kz — wt) 3y + 0.8 sin(kz — wt) QX
B. +1.0 x 10™°sin(kz — wt)a, + 1.5 x 10™°(kz — wt)a,
C. —0.8sin(kz — wt)a, — 1.2 sin(kz — wt) a,

D. —1.0 x 10~ %sin(kz — wt) éy — 1.5 % 10 %sin(kz — wt) a
Answer: C

Solution:



= —301.6sin(kz — wt) éx + 452.4 sin(kz — wt) éy
= 301.6
= +452.4

= \/EOXZ+EOy2

-
E
E ox
Eoy
E,

Eo
C C

E E.2+E,>’
Now, =2=C=B,6 = —\/ Ox oy
B0 0

A A
A A A A i+ E i
Also,B=C X E = kX (onlz—o_sz)
\/EOX +E0y

A A
]%: —E J—Egi
2 2
\/EOX +E0y
B = - S0tz - wt) A, — S sin(kz - wt) 4
= Csm(z wt)a, Csmz wt) a,
> B
H= —
Hy
ﬁ——hsin(kz—wt)’\ - &Ysin(kz—wt)’\
=T acC a, nC a,

0 0

Question30

Which is the correct ascending order of wavelengths?
[26-Jun-2022-Shift-2]

Options:

A. )\visible < )‘x.ray <A gamma-ray Amicrowave

B. A gamma-ray )\X-ray < Avisible < )\microwave

C. }‘X-ray <A gamma-ray A jisile < A microwave

D. }\‘microwave < )\‘visible < }\gamma-ray < AX-ray

Answer: B

Solution:

Solution:

Wavelength of microwave is maximum then visible light then X-rays and then gamma rays so the correct order will be
}\gamma-ray < }\Xfay < Aisible < M microwave

Question31



List -1 List-1I

(a) | Ultraviolet rays | (i) | Study crystal structure

(b) | Microwaves (i) | Greenhouse effect

(c) | Infrared rays (iii} | Sterilizing surgical instrument

(d) | X-rays (iv) | Radar system

Choose the correct answer from the options given below:
[27-Jun-2022-Shift-1]

Options:

A. (a)-(iii), (b)-(iv), (c)-(ii), (d)-(i)
B. (a)-(iii), (b)-(1), (c)-(ii), (d)-(iv)
C. (a)-(iv), (b)-(iii), (c)-(ii), (d)-(i)
D. (a)-(iii), (b)-(iv), (c)-(1), (d)-(ii)
Answer: A

Solution:

UV rays are used to sterilize surgical material.
Microwaves are used in radar system.
Infrared are used for green house effect and
X-rays are used to study crystal structure.

Question32

Given below are two statements:

Statement I : A time varying electric field is a source of changing
magnetic field and vice-versa. Thus a disturbance in electric or
magnetic field creates EM waves.

Statement II : In a material medium, the EM wave travels with speed

V= plE . In the light of the above statements, choose the correct answer
0~ 0

from the options given below.
[27-Jun-2022-Shift-2]

Options:

A. Both Statement I and Statement II are true

B. Both Statement I and Statement II are false

C. Statement I is correct but Statement II is false
D. Statement I is incorrect but Statement II is true

Answer: C



Solution:

Solution:
In @ material medium speed of light is given by v = . So statement 2 is false.
VeoE Mol
Question33
An EM wave propagating in x-direction has a wavelength of 8 mm. The

electric field vibrating y-direction has maximum magnitude of 60Vm™".

Choose the correct equations for electric and magnetic fields if the EM
wave is propagating in vacuum :
[28-Jun-2022-Shift-2]

Options:
AE, = GOSin[ T x 10%(x - 3 x 108t)]3v m-!

B, = 2sin| I x 10%(x - 3 x 10%) | kT

B.Ey=6031n[ I % 10%(x — 3 X 1081;)]3\/ m-!

B,=2x 10 "sin| x 10%x 3 x 10%) | kT
C.E,=2x10"sin| 2x10%x-3x10%) | iV m™
B, = 60sin| ¥ x 10%(x — 3 x 10%) | kT

D.E =2x 10‘7sin[ I 10%(x — 4 X 108t)]§v m-!

B, = 60sin| ¥ x 10%(x — 4 x 10%) | kT
Answer: B

Solution:

Solution:

In first 3 options speed of light is 3 x 10®m / sec and in the fourth option it is 4 x 10®m / sec.
Using

E =CB

We can check the option is B.

Question34

The intensity of the light from a bulb incident on a surface is
0.22W / m”. The amplitude of the magnetic field in this light-wave is
x107°T



(Given : Permittivity of vacuum E , = 8.85 % 107 12¢2N1 - m_z, speed of

light in vacuum ¢ = 3 X 108ms™! )
[29-Jun-2022-Shift-1]

Answer: 43

Solution:

I = %SOE ) C= %SO(CBO)ZC

=1 = %SOC3B02

-0.22 = %(8.85 x 1071%)(3 x 10%)°B,2
=B, =43 x 107°T

Question35

Light wave travelling in air along x-direction is given by
E v= 540sinm X 104(x - ct)V m~ L. Then, the peak value of magnetic field

of wave will be (Given c = 3 x 108ms™! )
[25-Jul-2022-Shift-2]

Options:
A.18x1077T
B.54 x 107'T
C.54 x107°T
D.18 x 1078T
Answer: A

Solution:

Solution:

c=3x%10%m/ sec

B= 2= 540 _48x107T
C 3x10

Question36

The magnetic field of a plane electromagnetic wave is given by :
B=2x10"%sin(0.5 x 103 + 1.5 x 10''t)i T



The amplitude of the electric field would be :
[26-Jul-2022-Shift-1]

Options:

A.6Vm™! along x-axis

B. 3Vm™! along z-axis
C.6Vm™! along z-axis

D. 2 x 107%m™! along z-axis
Answer: C

Solution:

11
w_ 15x10 _ 3. 108/ sec

Speed of lightc = £
P g k  05x10°

So, E,=B,c
=2x10"8x3x10°
=6V/m

Direction will be along z-axis.

Question37

The oscillating magnetic field in a plane electromagnetic wave is given
by By =5x 10" %sin 1000 n(5x — 4 x 10%t) T. The amplitude of electric

field will be :
[26-]Jul-2022-Shift-2]

Options:

A. 15 x 10*Vm™*
B.5x 107 °vm™
C.16 x 10**vm™
D. 4 x 10°Vm™!
Answer: D

Solution:

Solution:
B,=5x107°

8
v = Speed of wave = 4x10 =8x107[.-.v= VEV]

5
E, = vBB, = 40 x 10'
=4x10°V/m




Question38

Identify the correct statements from the following descriptions of
various properties of electromagnetic waves.

(A) In a plane electromagnetic wave electric field and magnetic field
must be perpendicular to each other and direction of propagation of
wave should be along electric field or magnetic field.

(B) The energy in electromagnetic wave is divided equally between
electric and magnetic fields.

(C) Both electric field and magnetic field are parallel to each other and
perpendicular to the direction of propagation of wave.

(D) The electric field, magnetic field and direction of propagation of
wave must be perpendicular to each other.

(E) The ratio of amplitude of magnetic field to the amplitude of electric
field is equal to speed of light.

Choose the most appropriate answer from the options given below :
[27-Jul-2022-Shift-2]

Options:

A. (D) only

B. (B) and (D) only

C. (B), (C) and (E) only
D. (A), (B) and (E) only
Answer: B

Solution:

In an EM wave:
- -

1. ELB
- - -

2.V =E xB

3. Energy is equally divided
- - -

4. [V = E/E]

Question39

Match List - I with List - I1 :

List | Listll

(a)UV rays (i)Diagnostic tool in medicine
(b)X-rays (i} Water purification
(c)Microwave (iii) Communication, Radar

(d)Infrared wave | (iv) Improving visibility in foggy days

Choose the correct answer from the options given below :



[29-Jul-2022-Shift-1]
Options:

A. (a)-(iii), (b)-(ii), (c)-(1), (d)-(iv)
B. (a)-(ii), (b)-(1), (c)-(iii), (d)-(iv)
C. (a)-(i1), (b)-(iv), (c)-(iii), (d)-(1)
D. (a)-(iii), (b)-(1), (c)-(ii), (d)-(iv)
Answer: B

Solution:

(a) uv rays - used for water purification

(b) x-rays used for diagnosing fracture

(c) Microwaves are used for mobile and radar communication

(d) Infrared waves show less scattering therefore used in foggy days
(a —ii), (b —1i), (c —iii), (d —iv)

Question40

A radiation is emitted by 1000W bulb and it generates an electric field
and magnetic field at P, placed at a distance of 2m. The efficiency of the
bulb is 1.25%. The value of peak electric field at P is x X 10°'V /m.
Value of x is .......... (Rounded-off to the nearest integer) [Take,

£, = 8.85 x 107°C°N "'m™?, ¢ = 3 x 10°ms™']

[26 Feb 2021 Shift 1]

Answer: 137
Solution:

Given, power of bulb, P = 1000W
Distanced =2m

Efficiency of bulb = 1.25%,

g, = 8.854 x 10" "*C°N ~'m~,

c=3x10%ms™!

. . _ Power(P) _ 1 2

-~ Intensity, (I) = Area(A) 2€0E c
1.25,, 1000 _ 1 ~12
100 X 4H(2)2 5 X 8.854 x 10

12.5>< 2

16n 8854 x 107 %x 3

=13.7NC'=137%x10"'NC lorvm™

Sox =137

x 108

= E =




Question41

The peak electric field produced by the radiation coming from the 8W

bulb at a distance of 10m is ; pOC V . The efficiency of the bulb is 10%

and it is a point source. The value of x is ............ .
[25 Feb 2021 Shift 2]

Answer: 2

Solution:

Given, radiation power (P) = 8W
Distance (d ) = 10m

.. - _ 1 2 _ _Power (P) .
-~ Intensity (I) = > c g,k “Area (A) (i)
where, ¢ = 1_ = speed of light in vacuum ... (ii)
Ho€q
and E = electric field
From Eq. (ii), we get
g = _L_
0 1,C 2
Put this value of g, in Eq. (i), we get
1 1 2 _ P 1 1 o2_ P
I ==C E —= - —FE =
2 llocz A 271,C
g oo 2PuC_ [ 2PRC _ T3P uo
A amd?  V 4q?
2x8 _ | BC _ 2/ BC
4 x 100 T - 10V g v/m
X =2
Question42

An electromagnetic wave of frequency 3GH z enters a dielectric medium
of relative electric permittivity 2.25 from vacuum. The wavelength of

this wave in that medium will be ......... x 10 %cm.
[24 Feb 2021 Shift 2]

Answer: 667

Solution:

Given, frequency of wave, f = 3GHz = 3 x 10°Hz
Relative permittivity, €. = 2.25



Since,f =C/A
8
sa =8=3X10 g
f  3x10

A, (wavelength of wave in a medium) = A /p and as we know that, n = \/prar
As, dielectric is non-magnetic, n_ =1

=>p=v225=1.5
=01 _ 1 _
=)A= T5 = 75 = 0.0667m
= 6.67cm = 667 x 10”%cm

Question43
A. Source of microwave frequency | 1. Radiocactive decay of nucleus
B. Source of infrared frequency 2. Magnetron
B. Source gamma rays 3. Inner shell electrons
C. Source of X-rays Vibration of atoms and molecules
5.LASER
6. R-C circuit

choose the correct answer from the options given below
[24 Feb 2021 Shift 2]

Options:

A. (A-6), (B-4), (C-1), (D-5)
B. (A-6), (B-5), (C-1), (D-4)
C. (A-2), (B-4), (C-6), (D-3)
D. (A-2), (B-4), (C-1), (D-3)
Answer: D

Solution:

Solution:

As we know that;

A. Source of microwave frequency is magnetron.

B. Source of infrared frequency is vibration of atoms and molecules.
C. Source of gamma ray is radioactive decay of nucleus.

D. Source of X-ray is transition of electron in inner shells.

.. The correct matchis A - (2), B—- (4), C-> (1), D- (3).

Question44

An electromagnetic wave of frequency 5GH z, is travelling in a medium
whose relative electric permittivity and relative magnetic permeability
both are 2 . Its velocity in this medium is X 10'm / s.



[24feb2021shift]]

Answer: 15

Solution:

Solution:
Given : Frequency of wave v =5GHz =5 x 10°Hz

Relative permittivity of the medium, €. = 2 and relative permeability of the medium, p,. = 2

Since speed of light in a medium is given by,
Vee  vVpnee,  ViLE,
where c is speed of light is vacuum.

8 7
_ 3’:/110 _ 30);10m/s=15x107m/s

Question45

A plane electromagnetic wave propagating along y-direction can have
the following pair of electric field (E) and magnetic field (B)
components.

[18 Mar 2021 Shift 2]

Options:

A. Ey, ByorEZ, B,
B. Ey, B,orE By
C.E_,B,orE 6 B,
D. EX, ByorEy, BX
Answer: C

Solution:

Solution:

Electric field, magnetic field and the direction of wave propagation are mutually perpendicular to each other. For
electromagnetic waves,

ExB=C

The direction of wave propagation is in along +y-direction.

Therefore, the possible direction of electric field and magnetic field are (E,, B,) and (E,, B,).

Question46

A plane electromagnetic wave of frequency 100M H z is travelling in
vacuum along the x-direction. At a particular point in space and time,



B =2.0x% 10_81A<T (where, k is unit vector along z-direction). What is E at
this point?
[18 Mar 2021 Shift 1]

Options:

A. 0.6}V /m
B. 6.0kV /m
C. 6.0jV/m

D. 0.6kV /m

Answer: C

Solution:

Solution:
Given, f =100MHz

B = (2.0 x 10" ®)kT
The speed of the light in free space,

A
c=(3x10%im/s
(the direction of wave propagates in x-direction)
Magnitude of electric field, E = Bc = 2 X 1078 x 3 x 108
=2EFE =6V/m

A A

If n be the direction of E ,theni = n x k
S h=]

A
Hence, the electric field at this point is 6jV /m.

Question47

The electric field intensity produced by the radiation coming from a
100W bulb at a distance of 3m is E. The electric field intensity
produced by the radiation coming from 60W at the same distance is

1/ _§E , where the value of x is ..............

[17 Mar 2021 Shift 2]

Answer: 3

Solution:

Intensity of the electromagnetic radiation is given as
Energy _ _Power _ _ 1 2
Area X Time Area Uag € 2C£0E 0

Here,




U = average energy density,

avg
C = speed of radiation in air (or vacuum),
g, = permittivity of the free space

and E ; = peak value of the electric field.

P E Pl E 12
= x —_—= —
P, E.?
- 2
E,_ \/ Py
E2 P,
Substituting the values in the above equation, we get
E, _ 60
- E,” V100
3 3 _ _
= E, \/ EE \/ 5= =E)

Comparing with \/ §E , we get
x =3

Question438

Seawater at a frequency f = 9 X 10°H z, has permittivity € = 80¢, and

resistivity r = 0.25Q — m. Imagine a parallel plate capacitor is immersed
in seawater and is driven by an alternating voltage source

V (t) = Vsin(2nf t). Then, the conduction current density becomes 10*

times the displacement current density after time t = WF" The value of

( Take , ;1 =9x10°N - m?c?)
[17 Mar 2021 Shift 2]

Answer: 6

Solution:

As we know, conduction current,
B [v,ysin(2nft)]
R R
Pa
Alv,sin(2uf t
L p = AlvsinCnfol o
pd

As we know the displacement current equation,
o= S8R d o nent )]

d = d dt VO 1 II

€9EA .
Iy= | v, (2mf )[cos(2mf t)]...(ii)
Divide Eq. (ii) by Eq. (i), we get

I
I_d = gyg, X p2nf cot(2mft)
C

Substituting the values in the above equation, we get
P 1

— = ———— % (80) x 2n x 900(0.25) cot | 211(900) ===
I, 4nx9x10° ( 800




La o1
I, 10°
Comparing with 10%, we get x = 6.

Question49

A plane electromagnetic wave of frequency 500M H z is travelling in
vacuum along y-direction. At a particular point in space and time,

B = 8.0 x 107 3T . The value of electric field at this point is (speed of

light = 3 x 103ms™; %, §, 7 are unit vectors along x, y and z-direction).
[16 Mar 2021 Shift 1]

Options:

A. —24xV /m
B. 2.6xV /m
C. 24xV /m

D. —2.6xV /m

Answer: A

Solution:

Solution:
Given, frequency, f = 500MHz =5 x 10°Hz

A
B=80x107%ZT
. Magnitude of peak value of magnetic field is given by
B,=8x 107°T
Eo
BO
where, E  is the magnitude of peak value of electric field and c is the speed of electromagnetic wave in air (or vacuum).
= E,=cB,
=3x10°x8x107% =24V /m
Since, the direction of propagation of electromagnetic wave is perpendicular to the direction of E and B both.

We know that, =C

A A
.. Direction of propagation is given by E X B.
As, the wave is travelling in y-direction,

and the magnetic field is in z-direction.
A

ﬁE X % = }A]

A A

E =—-x

. The value of electric field will be —24xV / m.

Question50

For an electromagnetic wave travelling in free space, the relation
between average energy densities due to electric (U ) and magnetic

(U ) fields is
[16 Mar 2021 Shift 1]



Options:

AU =U_
B.U_>U_
C.U,<U_

D.U, #U

m

Answer: A

Solution:

We know that,

U,= 2eE2..1)
where, U = average energy density due to electric field,
g, = electrical permittivity of free space

and E = electric field.
BZ

andU_ = -—

where, U = average energy density due to magnetic field, pu, = magnetic permeability of free space

and B = magnetic field.

Also,E =CB [+C= —L )

VHgE,
= E = B_
VigE,
Put this value in Eq. (1), we get
U = lg X LBZ
e 2 0 11080

_ B’

= Ue = Zpo

=U_=U_ [using Eq. (2)]

Questionb1

The relative permittivity of distilled water is 81 . The velocity of light in
it will be :
(Givenp . =1)

[27 Jul 2021 Shift 1]
Options:
A.433x10'm/s
B.2.33x10'm/s
C.3.33x10'm /s
D.5.33x10'm/s

Answer: C

Solution:



v =_SC
ViLE,

=333x10'm/s

Questionb52

Intensity of sunlight is observed as 0.092W m~? at a point in free space.
What will be the peak value of magnetic field at that point?

(g, = 8.85 x 10~ ">C*N "'m™?)
[22 Jul 2021 Shift 2]

Options:
A.2.77 x 107°T
B.1.96 x 107°T
C.8.31T
D. 5.88T

Answer: A

Solution:

0 €0C3
B, = 2.77 x 107%T

Question53

In an electromagnetic wave the electric field vector and magnetic field
vector are given as E=F oland B = B,k respectively. The direction of
propagation of electromagnetic wave is along:

[20 Jul 2021 Shift 2]

Options:



D. (=7)
Answer: D

Solution:

Solution:

~

xk=-]j

~
1

Direction of propagation = E x B = i

Question54
A light beam is described by

E = 800sin ( wt — % ) . An electron is allowed to move normal to the

propagation of light beam with a speed 3 % 10’ms™'. What is the
maximum magnetic force exerted on the electron?
[26 Aug 2021 Shift 2]

Options:

A.1.28 x 107N
B.1.28 x 107!!N
C.12.8x 107N

D.12.8 x 107 !8N

Answer: 0

Solution:
Equation for light beam is given as
— ; _X
E = 800sin wt C)
Here, c is speed of light.
Comparing with standard equation, we get
E, = 800Vm™"
As we know, the magnitude of magnetic field is given as
E,=B,C
=800 = B, x 3 x 10°
800

=>B = —

° 3x10°
Maximum magnetic force exerted on electron will be

Fmle = ev B0

= (1.6 x 107%) x (3 x 10”) x —2%9__ (Given, v = 3 x 10’ms ™} )
3x10
F .. =128x10"""Nor1.28 x 107"

ma

Question55



The magnetlc field vector of an electromagnetic wave is given by

B =B, 1\;“23 cos(kz — wt) T where i, i represents unit vector along X and Y-

axis respectively. At t = 0, two electric charges q,of 4nC and q, of 2u C

located at ( 0,0, ) and ( 0, 0, 3?“) respectively, have the same velocity

of 0.5ci.
(where, c is the velocity of light). The ratio of the force acting on charge

q, to q, is

[31 Aug 2021 Shift 2]
Options:

A.2v2:1

B.1:V2

C.2:1

D.vV2:1

Answer: C

Solution:

The equation of magnetic field vector of an electromagnetic field is

B= B—E(ll\ + 3\) cos(kz — wt) T
V2

Electric charges
q,atP(0,0,%) = anc

q,atQ|o, 0,3?“) = 2nC

Att=OandP(0,0,E),wherez=E

Magnetic field vector,

_ By, 2 I
B—\/—E(1+J)cos(kE—0 T
B, __ﬁ
\/2(1+_])COSHT— V§(1+J)T
andatt=0and Q ( 0,0, 3n ) where z = 3_kn Magnetic field vector,
By
B = \/2(1+J)COS(k——0)
= _\/_5( i+ )T['-' Using cos m = cos 3 = — 1]

Velocity of charges q, and q,, v = 0.50/1\
We know that, force on charge in magnetic field is given by F = (v x B)
PaN B /N /N
- For q, F1=4n[0.501 x { —\/—g(i +7) } ]N
F 21‘ICB0’1;
V2
Similarly, for g,

PaN B PaN PaN
=>F2=2n[0.501 x { 297 +7) } ]N
V2
F HCBO’I;N
= =
2 V2

Hence, ratio of magnitudes of F, to F,



Question56

The electric field in an electromagnetic wave is given by
E = (50NC_1) sin w ( t - )E( ) .The energy contained in a cylinder of volume

Vis 5.5 % 10_12]. The value of Vis .......... cm?.
(Given g, = 8.85 x 10" '>C*°N"'m™?).
[31 Aug 2021 Shift 1]

Answer: 500
Solution:

Given, electric field in electromagnetic wave,
E = SOSinw(t—}—é)

Energy contained in cylinder,
U=55x10""

Let, volume =V

and permittivity in free space,
g, = 8.85x 107 "*N~'C’m™
As we know that,

Energy(U) _ le E.2
Volume(V) 27070
v 20 _  2x55x107"
g,E,>  8.854 x 107"* x (50)°
=11 —497x10™
8.854 x 50

=497 x 107% = 500cm?®

Questionb7

A plane electromagnetic wave with frequency of 30 MHz travels in free
space. At particular point in space and time, electric field is 6V / m. The

magnetic field at this point will be x x 10™®T. The value of x is.
[27 Aug 2021 Shift 2]

Answer: 2



Solution:

Given, frequency of electromagnetic wave (f)
=30MHz
=30 x 10°Hz

Electric field, E =6V /m

Magnetic field, B = x x 107%T

Speed of light in air, c = 3 x 10°ms™!

We know that, B = %
3x10°

>B=2x10"%T

X =2

Question58

Electric field in a plane electromagnetic wave is given by
E = 50sin(500x — 10 x 10'°t) V / m.

The velocity of electromagnetic wave in this medium is
(Given, c = speed of light in vacuum)

[27 Aug 2021 Shift 1]

Options:
3

A. EC

B.c

2
C. §C

C
D. 7

Answer: C

Solution:

Solution:
Given, equation of electromagnetic wave,
E = 505in(500x — 10 x 10'°t)V / m
The standard equation of electromagnetic wave,
E = E;sin(kx —wt) V/m
Comparing with standard equation, we get
E,=50V/m, w = 10""rads™', k = 500radm™"
Speed of wave in medium will be
v=%
k
_10x 10"
- 500
=2 x10%ms™!

=2x3%x10°m/s

N

c[c=3x10%m/s = speed oflight]

wN W



Questionb9

The electric field in a plane electromagnetic wave is given by
E = 200cos

[ (%)x— (1.5 x 101 =0 x ¢} ] V3

If this wave falls normally on a perfectly reflecting surface having an
area of 100cm?. If the radiation pressure exerted by the EM wave on the
surface during a 10 min exposure 1s . Find the value of x.

[26 Aug 2021 Shift 1]

Answer: 354

Solution:

The electric field in a plane electromagnetic wave is given by

3 A
E = 200cos | (22 X100X_ (1 5, qourad, ) | V7
m S m
~E,=200V/m
Intensity provided by electric field is given by
1= Ze,F,’C
The radiation pressure exerted by electromagnetic wave on surfaceis given by
1 2
_21_ 2><280E0C=€E2
c. ¢ 0=0
P =g,E,’
= 8.85 x 107 % x (200)*
_ 354
- 10°
According to question,
x _ 354
10°  10°
S X =354

Question60

Electric field of plane electromagnetic wave propagating through a non-
magnetic medium is given by E = 20 cos(2 x 10'°t — 200x) V/ m. The
dielectric constant of the medium is equal to (Take, p.=1)

[1 Sep 2021 Shift 2]
Options:

A.9

B. 2



C.

W[

D.3

Answer: A

Solution:

Solution:

Given, electric field,

E = 20cos(2 x 10'°t — 200x) V/m

Comparing with the standard equation,

E = E,cos(wt — kx) V/ m, we get

Wave constant, k = 200

Angular frequency, w = 2 x 10'°rad / s
w _ 2x10"

Speed of the wave, v = - = =—o-— = 10%m /s
o C_3x10°
Refractive index, n = V= T =
As we know the relation between the refractive index and dielectricconstant,
H= \/Srp‘r
Substituting the value in the above equations, we get
3 =Vel(l)
e.=9

Thus, the dielectric constant of the medium is 9.

Question61

The electric fields of two plane electromagnetic plane waves in vacuum
are given by
E, = E,i cos(wt — kx) and £, = E ,k cos(wt — ky).

At t = 0, a particle of charge q is at origin with a velocity Vv = 0.8ci(c is
the speed of light in vacuum). The instantaneous force experienced by
the particle is:
[9 Jan 2020, I]

Options:
A Eql0.87 = F +0.4k)
B.E ,ql0.47 - 37 + 0.8%)
C.E,ql-0.87+7 + &

D.E ,ql0.87 + 7 + 0.2k
Answer: D

Solution:



- A
Given: E |, = E ;j cos(wt — kx)
- -
i.e., Travelling in + ve x -direction E x B should be in x direction
- A
~Bisin K
2 _Eg T E,
B1 = ?COS(wt - kX) k BO = ?

-

M J

= E  k cos(wt — ky)
- EOA
B,=— cic os(wt — ky)
~. Travelling in + ve y -axis
d Ed . i
E x B should be in y -axis
- - B
.. Net force F = qE +q(v X B)

(E,+E,) +qlo8c x (B, +B,)

a

ft=0andx=y=0

- A - A

E,=E,j, E,=E_k

- E . ~ - EO’-\

Bl:Tk B2 Tl

— A A E A

~F =qE0(J+k)+qu.8cx?°J x [k +1)
=qE §+k)+08qE, T -k

=qE0(0.81 + ] +0.2k)

Question62

. . . . . i+
A plane electromagnetic wave is propagating along the direction —-,

with its polarization along the directionk. The correct form of the
magnetic field of the wave would be (here B is an appropriate

constant):
[9 Jan 2020, II]
Options:

~ ~

i—3j _A+_JA
A. By cos( wt k\/2 )

~A /\

i- i+
B. B, 75 cos(wt+k )

~ _ ?;_1)
C. Bokcos(oot k 7



~

D. B, 73 cos| wt—k 73
Answer: A

Solution:

Solution:
Direction of polarisation = E =

o> =

Direction of propagation = E x

- - ~ i—j
BUutE .B=0..B=—==
V2

Question63

A plane electromagnetic wave of frequency 25GH z is propagating in
vacuum along the z -direction. At a particular point in space and time,

the magnetic field is given by B=5x10"3T. The corresponding
electric field E is (speed of light ¢ = 3 % 108ms'1)
[8 Jan 2020, II]

Options:

A.1.66 x 1071V /m
B.-1.66 x 1071%1V /m
C.-151V /m

D. 151V /m

Answer: D

Solution:

Solution:

Amplitude of electric field (E ) and Magnetic field (B) of an electromagnetic wave are related by the relation
B=c

=E = Bc

SE =5%x10%x3x%x10% =15N /C
—_ ~
=E =15iV /m

Question64

If the magnetic field in a plane electromagnetic wave is given by

B=3x10"%sin(1.6 x 10°x +48 x 10'%t)i T, then what will be
expression for electric field?



[7 Jan 2020, I]

Options:

A E = (60sin(1.6 x 10% + 48 x 101°t) kv / m]

B.E = (9sin(1.6 x 10 + 48 x 101%) kv /m)

C.E = (3x10®sin(1.6 x 103 + 48 x 10°) kv /m)

D.E = (-3 x 107%sin(1.6 x 10°x + 48 x 101°t)§v/m)

Answer: B

Solution:

Solution:

- /N
Given, B =3 x 107%sin(1.6 x 10°x +48 x 10'%t) j t
Using, E, =By, xC=3x10"%x3x10°=9V /m

.o - . 3 10,470
.. Electric field E = 9sin(1.6 X 10°x +48 x 10"t)kV /m

Question65

The electric field of a plane electromagnetic wave is given by

~ ~

E=F Oifij cos(kz + wt)
At t = 0, a positively charged particle is at the point (x,y, z) = ( 0, 0, %) .

If its instantaneous velocity at (t = 0) is voﬁ, the force acting on it due to

the wave is:
[7 Jan 2020, II]

Options:
i+]
A. parallel to 7
B. zero
4]

C. antiparallel to 5
D. parallel to k

Answer: C

Solution:

Solution:

_ _n
Att=0,z K



AE o= 2T 45 ) costn] = —=2( T + 3
N J [m] 2 J
Fp=qE
Force due to electric field will be in the direction _(1\/—%3)

Force due to magnetic field is in direction
- = I o -
q( vV X B) and v | k. Therefore, it is parallel to E .

L s s 143
=F . =F +Fisantiparallel to 5

n

Question66

For a plane electromagnetic wave, the magnetic field at a point x and
time t is

B(x, t) = [1.2 x 10”7 sin( 0.5 x 103 +1.5 x 10''t) ] T

The instantaneous electric field E corresponding to B is: ( speed of light
c=3x10°ms™!)

[Sep. 06, 2020 (ID)]

Options:

A F(x,t) =[-36sin(0.5x 10% +1.5 x 10'1t) ] | v
B.E(x, t) = [36sin(1 x 10% +0.5 x 10'1t) ] v
C.E(x, ) = [36sin(0.5 x 10°% +1.5 x 10"t) k] &

D. E(x, t) = [36sin(1 x 10°% +0.5 x 10't) 1| ¥
Answer: A

Solution:

Solution:
Relation between electric field E , and magnetic field B, of an electromagnetic wave is given by

c= ]EB—;)( Here ,c = Speed of light)
sE,=B,xc=12x10"" x3 x 10® = 36

As the wave is propagating along x -direction, magnetic field is along z -direction
and (é\ X ﬁ) I 6

~.E should be along y -direction.

So, electric field E = E ,sinE . (x, t)

— [—36sin(0.5 x 10% +1.5 x10''t) ] | \é

Question67



An electron is constrained to move along the y -axis with a speed of
0.1c(c is the speed of light) in the presence of electromagnetic wave,

whose electric field is E = 30] sin(1.5 x 10t = 5 x 10™2x) V / m. The
maximum magnetic force experienced by the electron will be :
(given ¢ = 3 X 103ms™'& electron charge = 1.6 % 10~ C)

[Sep. 05,2020 (I)]

Options:

A.3.2x 107 18N
B.2.4 x 107 18N
C.4.8 x 1071°N
D.1.6 x 10" °N

Answer: C

Solution:

Solution:

]

In electromagnetic wave, B_O =C

0
. P E 0
. Maximum value of magnetic field, B, = <

. . U4V,E
F o= GV B, sin90° = é 0

(GivenV,=0.1Cand E , = 30)

_1.6x107""x 0.1 x 3 x10° x 30
3 x10°

=4.8x 10N

Question68

The electric field of a plane electromagnetic wave is given by
E = E0(§ + 5 ) sin(kz - wt)

Its magnetic field will be given by:
[Sep. 04,2020 (I1)]

Options:

A =25 + §) sin(kz — wt)

E PaN PaN

B. T(X + y) sin(kz — wt)
EO PaN FaN .

C. ?(x - y) sin(kz — wt)
E PaN /N

D. (x - y) cos(kz — wt)

C

Answer: A



Solution:

Solution:
ﬁ /N PaN
E = EO(X + y) sin(kz — wt)

Direction of propagation of em wave = +k

~ A

Unit vector in the direction of electric field, E = %L

The direction of electromagnetic wave is perpendicular to both electric and magnetic field.

~A ~A

“k=E xB

k= (1el) xBopozit]

v

+ 7] sin(kz — wt)

<

2
Fol_%
C

ol

Question69

The magnetic field of a plane electromagnetic wave is
B=3x 10 %sin[200m(y + ct)1i T

where ¢ = 3 x 10°ms™"! is the speed of light. The corresponding electric
field is :
[Sep. 03, 2020 (D]

Options:

A.E = 9sin[200n(y + ct)]kV /m

B.E = —10%sin[200n(y + ct)] KV /m
C.E =3 x 10 %sin[200n(y + ct)]kV /m

D.E

—9sin[200m(y + ct)]kV / m

Answer: D

Solution:

Solution:
- ~

(d) Given: B = 3 x 107 8sin[200m(y + ct)] i T
~By=3x107°
E,=CB,=E,=3x10*x3x10"%=9V /m
Directiono fwave propagation

- - -

(E xB)|C
B=iandC=-j ~E =-k

—_ ~
~E =E ,sin[200n(y + ct)]{ k) V /m

—_ ~

or, E = —9sin[200m(y + ct)] kV /m

Question70



The electric field of a plane electromagnetic wave propagating along the
x direction in vacuum is £ = E o’ cos(wt — kx). The magnetic field E, at
the moment t = 0 is:

[Sep. 03, 2020 (I1)]

Options:

> E
A.B = 9 cos(kx) k
‘/11050

B.BE=E oVIHEo cos(kx) j

C. B = E (Vi g, cos(kx) k

2 E ~
D. B = —L cos(kx) ]
Vi€,
Answer: C
Solution:
Relation between electric field and magnetic field for an electromagnetic wave in vacuum is B, = <
In free space, its speed ¢ = 1
VHoE,
Here, p, = absolute permeability, £, = absolute permittivity
E E
B0=_0=—0_ \/p_oo
Y 1/Vpge,

As the electromagnetlc wave is propagating along x direction and electric field is along y direction.

PaN

E x B | C Here C = direction of propagation of wave)
B should be in k direction.

PaN

B = E ;i g, cos(wt — kx) k
Att=0

B = E Vg, cos(kx) k

Question71

A plane electromagnetic wave, has frequency of 2.0 x 10'° H z and its
energy density is 1.02 x 10" %] / m?® in vacuum. The amplitude of the

magnetic field of the wave is close to ( ﬁso =9 X 109NC‘§12
light =3 x 10°ms™')

[Sep. 02, 2020 ()]

Options:

A. 150 nT

B. 160 nT

C. 180 nT



D. 190 nT

Answer: B

Solution:

2
Energy density = %E—

0
=B = V2 x p, X Energy density

mu, = ZL =4mx 1077

C%,
“B=1V2x4n1x107"%x1.02x10"% =160x 107°
= 160nT

Question72

In a plane electromagnetic wave, the directions of electric field and

magnetic field are represented by k and 27 - 2j respectively. What is the
unit vector along direction of propagation of the wave.
[Sep. 02, 2020 (I1)]

Options:

AL(T475)
2

<

D. \/1—3(2? +7)
Answer: A

Solution:

Solution:

>

o>

Electromagnetic wave will propagate perpend|cular to the dlrect|on of EIectrlc and Magnetic fields C = E x
Here unit vector C is perpendicular to both E and B Given, E = k = 2 i- 2J

1

R i k

=E X B = = —

w210 01 V2
1 0

o>

Question73



TOPIC 2 - Electromagnetic Spectrum
The correct match between the entries in column I and column II are :

Radiation Wavelength
(A) Microwave (iy 100 m
(B) Gamma rays (i) 107 m

(C) A.M. radio waves | (jii) 107" m

(D) X-rays (iv) 107 m
[Sep. 05, 2020 (I1)]

Options:
A. (A)-(ii), (B)-(1), (C)-(iv), (D)-(iii)
B. (A)-(1), (B)-(iii), (C)-(iv), (D)-(ii)
C. (A)-(iii), (B)-(ii), (C)-(i), (D)-(iv)
D. (A)-(iv), (B)-(ii), (C)-(i), (D)-(iii)
Answer: D

Solution:

Energy sequence of radiations is

E y — Rays >E X-Rays >E microwave >E AM Radiowaves
“A <A <A

" "%y — Rays X -Rays microwave <)‘AM Radiowaves
From the above sequence, we have

(a) Microwave »10™°m (iv)

(b) Gamma Rays »10~"m (ii)

(c) AM Radio wave -»100m (i)

(d) X-Rays »10™°m (ijii)

Question74

Chosse the correct option relating wavelengths of different parts of
electromagnetic wave spectrum :
[Sep. 04, 2020 ()]

Options:
A. A <A

- . < . <
visible micro waves Aradlo waves }&X -rays

B. A >A

. > . > -
radio waves 2\mlcro waves 2\‘Vlslble X -rays

C.A

* X -rays < )\‘micro waves > 2\‘radio waves <Avisible

D. A > A

- > . > .
visible X -rays Aradlo waves 2\mlcro waves

Answer: B



Solution:

The orderly arrangement of different parts of EM wave in decreasing order of wavelength is as follows:
A > A >A

. > . .
radio waves micro waves visible X -rays

Question75

The mean intensity of radiation on the surface of the Sun is about

103W / m?. The rms value of the corresponding magnetic field is closest
to:

[12 Jan 2019, II]

Options:
A. 1T

B. 10°T
C.107°T
D.107°T
Answer: D

Solution:

Solution:

\/ 108 x 4n x 1077
3x10°

=6x107*T

Which is closest to 10™%

Question76

An electromagnetic wave of intensity 50W m~2 enters in a medium of
refractive index 'n' without any loss. The ratio of the magnitudes of
electric fields, and the ratio of the magnitudes of magnetic fields of the
wave before and after entering into the medium are respectively, given
by:

[11 Jan 2019, 1]

Options:



1 1

E’ﬁ)
B. (Vn, vVn)
C. (\/H,%)
D. (Tlﬁ \/ﬁ)
Answer: C

Solution:

Solution:
The speed of electromagnetic wave in free space is given by

1. (i)

Vi, €,
In medium, v = ——L ... (ii)
vk €)1,
Dividing equation (i) by (ii), we get
% =vk=n
% €, E,’C = intensity = % €,kE%
~E, C=KkE%
2 2
LB _kv _n® _Eo_ o
E?2 C n E
similarly
B,C_Bv_By_ 1
2py  2p, B vn
[ ]
Question77

A 27mW laser beam has a cross-sectional area of 10mm? The
magnitude of the maximum electric field in this electromagnetic wave is
given by :

[Given permittivity of space €, =9 x 10~ '2 SI units, Speed of light

c=3x10%m/s]
[11 Jan 2019, II]

Options:

A. 2 kV/m
B. 0.7 kV/m
C.1kV/m
D. 1.4 kV/m

Answer: D

Solution:



EM wave intensity
_ Power _ 1 2
=1 = Area 2 SoEqC

[where E ; = maximum electric field ]

-3
»27x10 =lx9x10_12><E02x3><108

10x107° 2
=E,=v2x10°%kV /m =1.4kV /m

Question78

If the magnetic field of a plane electromagnetic wave is given by (The
speed of light

=3x10°m/s)
B =100 x 10 ®sin[2nx 2 x 10t -2 ]

then the maximum electric field associated with it is:
[10 Jan. 2019 I]

Options:
A.6x10'N /C
B.3x 10*N /C
C.4x10*°N /C
D. 4.510*~N /C

Answer: B

Solution:

Solution:

Using, formula E, = B, x C
=100x10"°x 3 x 108
=3x10°N /C

Here we assumed that

B, = 100 x 10~ % is in tesla (T ) units

Question79

The electric field of a plane polarized electromagnetic wave in free
space at time t = 0 is given by an expression

E(x, y) = 10 cos[(6x + 82)]

The magnetic field B(x, z, t) is given by: ( c is the velocity of light)
[10 Jan 2019, II]

Options:

A %(6§ +8%) cos[(6x — 8z + 10ct)]



B. %(6§ —87) cos[(6x + 8z — 10ct)]
C. %(6§ +87) cos[(6x + 8z — 10ct)]

D. %(GE —87) cos[(6x + 8z + 10ct)]

Answer: B

Solution:
E =10] cosl (61 +8k). (x +zk)]
~ -
=10] cos|K . 7]
—_ ~ ~
~K =61 + 8K ; direction of waves travel
i. e. direction of 'c'

E(10])

N

5
& xf = =41 xsk
2 _E _10
B=¢=7
.-B’Q(—4?+3§ _ —8?+6§)
“5T 5

(6§ - 8/1\) cos(6x + 8z — 10ct)

Question80

An EM wave from air enters a medium. The electric fields are

El = E ,,Xcos [ 211V( Z - t) ] in air andﬁ)2 = E j,% cos[k(2z - ct)] in
medium, where the wave number k and frequency v refer to their values

in air. The medium is nonmagnetic. If € and €_ refer to relative
1 2

permittivities of air and medium respectively, which of the following
options is correct?
[9 Jan 2019, I]

Options:

Mm

A =4

I

M



Berl 2
e,
e

1

c.n=1

g 4
€

-1

D'e >

Answer: C

Solution:

Solution:

Velocity of EM wave is given by v = L_
vue
Velocity in air = % =C

Velocity in medium =

N[O

Here, p, = 1, = 1 as medium is non-magnetic
1

. \/ ry C er
— —1

‘/rz

Mm

H
—
N0
-
N"S
AN

Mm

Question81

The energy associated with electric field is (U ;) and with magnetic
fields is (U ;) for an electromagnetic wave in free space. Then :
[9 Jan 2019, II]

Options:

8)
AUy ="

B.Up,>Uyg
C.$U {E}
D.Up =Uyq
Answer: D

Solution:

Solution:
Average energy density of magnetic field,

B,’
= I
Average energy density of electric field,
gE 02

4

Ug

Up =



1
1&g
2
_OxLxBZ =B_0=u
4 Heg 0 41,

Now, E , = CB,and C* =

€

u

E B

€
— 0 2p 2 _
=7 x CB,)" =
.'.uE = uB
Since energy density of electric and magnetic field is same, so energy associated with equal volume will be equal i.e.
u, =u
E B

Question82

Given below in the left column are different modes of communication
using the kinds of waves given in the right column.

A. Optical Fibre Communication | P. Ultrasound

B. Radar Q. Infrared Light
C. Sonar R. Microwaves
D. Mobile Phones S. Radio Waves

From the options given below, find the most appropriate match between
entries in the left and the right column.
[10 April 2019, I]

Options:
AA-Q,B-S5,C-R, D-P
B.A-S,B-Q,C-R,D-P
C.A-Q,B-S,C-P,D-R
D.A-R, B-P,C-S,D-Q
Answer: C

Solution:

Solution:

Optical Fibre Communication - Infrared Light
Radar-Radio Waves

Sonar-Ultrasound

Mobile Phones - Microwaves

Question83

An electromagnetic wave is represented by the electric field
E=FE o? sin[wt + (6y — 8z)]. Taking unit vectors inx, y and z directions to

be i, j, k, the direction of propogation s is :
[12 April 2019, I]

Options:



_3i-4j
5

w)

-4k +3]
5

C oo (—3J5+4k)
37 — 3k

D.3 =213

Answer: C

Solution:

Solution:

o _6i+8k _-3] +ak
V6% + 82 5

Question84

A plane electromagnetic wave having a frequency v = 23.9 GHz
propagates along the positive z -direction in free space. The peak value
of the Electric Field is 60V / m. Which among the following is the
acceptable magnetic field component in the electromagnetic wave?

[12 April 2019, II]

Options:

A.B=2x10"sin(0.5x 1032 +1.5 x 10''t) 1

~
1

ol
I

B. 2 x 10”sin(0.5 x 103z —=1.5 x 10*'t)

Wl
I

C. 60sin( 0.5 x 10%x + 1.5 x10''t) k

D.B=2x10"sin(1.5 x 10% +0.5 x 10*'t) ]

Answer: B

Solution:

Solution:
E, 60

7 °C " 3x10°

=20x%x107%T =2x10°'T
K =@ _20of _ 21 x 23.9 x 10°
\% Vv 3)(108

—_
Therefore, B = B, sin(kz — wt)
=2x107"sin(0.5 x 103z —=1.5 x 10 't)i

= 500




Question85

The electric field of a plane electromagnetic wave is given by
E=FE o' €0s(kz) cos(wt)

The corresponding magnetic field is then given by :
[10 April 2019, I]

Options:
- E o

A.B = < cos(kz) cos(wt)
= Ej )~ .

B.B = < sin(kz) cos(wt)
= Eg~ .

C.B = < cos(kz) sin(wt)
= E o~

D.B = < sin(kz) cos(wt)

Solution:

Solution:

- -
Given that E = E cos(kz) cos(wt) i

- E PN N
E = To[cos(kz — wt) i —cos(kz + wt) i ]
Correspondingly

- B N N
B = To[cos(kz — wt) j —cos(kz + wt) j ]

- B
B=7°><251nkzsinwt
B = Eogi kzsi t)/'\
= | osinkzsinwt | j
Question86

Light is incident normally on a completely absorbing surface with an

energy flux of 25W cm 2. If the surface has an area of 25cm?, the
momentum transferred to the surface in 40 min time duration will be:
[10 April 2019, II]

Options:
A.6.3x10"*Ns
B.1.4x 10"°Ns

C.5.0x 107 3N's



D.3.5x 10" °N's

Answer: C

Solution:

Solution:
L
Pressure, P = C

F _
= =

A
=F

Ap

t

ol ol

L
=Ap = CAAt
_ (25 x25)x 10* x 107* x 40 x 60
= 3 —S
3% 10

=5x10"°N -5

Question87

The magnetic field of a plane electromagnetic wave is given by:
B = B,i[cos(kz — wt)] +B,j cos(kz + wt)

Where B, = 3 x 10™°T and B, = 2 x 10™°T

The rms value of the force experienced by a stationary charge Q = 10~*C
at z = 0 is closest to:
[9 April 2019 I]

Options:
A.0.6 N
B.0.1 N
C.09N
D.3x 102N

Answer: A

Solution:

Solution:
B,= {B,"+B,” = {30°+2° x107® =30 x 107°T
“E,=CB=3x10°x30x107°

=9x10°V /m

E, 9 3

— =—=—=—x10°V /m
v, V2 /

Force on the charge,

F=EQ= %x 103 x 1074 =0.64N




Question338

A plane electromagnetic wave of frequency 50 MHz travels in free space
along the positive x - direction. At a particular point in space and time,

E =6.3)V / m. The corresponding magnetic field B, at that point will be:
[9 April 2019 I]

Options:

A.18.9 x 107%kT
B. 2.1 x 107%kT
C. 6.3 x 107 %kT

D. 18.9 x 108kT
Answer: B
Solution:

Solution:
As we know,

B _IELD 63 _yiai0
C 3x10°
andE xB=C
J xB “EM wave travels along +( ve )x -direction.]

Question89

50W / m” energy density of sunlight is normally incident on the surface
of a solar panel. Some part of incident energy (25%) is reflected from
the surface and the rest is absorbed. The force exerted on 1m? surface
area will be

[9 April 2019, II]

Options:

A. 15 x 107N
B.20 x 108N
C.10x 107N
D.35x 107N

Answer: B

Solution:



1 aplA
F—(1+r)C

(1+0.25)%x50x%1
3 x 10°
=20 x 107N

Question90

A plane electromagnetic wave travels in free space along the x -
direction. The electric field component of the wave at a particular point
of space and time is E = 6Vm™! along y -direction. Its corresponding
magnetic field component, B would be:

[8 April 2019 I]

Options:

A.2x107°T along z -direction
B. 6 x 107°T along x -direction
C.6x107°T along z -direction

D. 2 x 107%T along y -direction

Answer: A

Solution:

Solution:
The relation between amplitudes of electric and magnetic field in free space is given by

E
B, = —° 6 —2x1070T

¢ 3x10°
Propagation direction = é\ X ﬁ
i=jxB
=k
e magnetic field component will be along z direction.

i
~B
~Th

Question91

The magnetic field of an electromagnetic wave is given by:
B=1.6x 10 %cos(2 x 107z + 6 x 10'%t) (27 + E)W??

The associated electric field will be :
[8 April 2019 II]

Options:

A E =48x10%cos(2 x 107z —6 x 10%5t) (21 + J) z

B.E =4.8x 10%cos(2 x 107z =6 x 10'%¢) (=27 + 1) ¥



C.E =4.8x10%c0s(2 x 107z +6 x 10'5¢t) (=1 +2E)%

~
1

D.E = 4.8 x 10%cos(2 x 107z +6 x 10%) (T — 27 v
Answer: C

Solution:

Solution:
E,=cB,=3x10°x1.6x107% =4.8x10°V /m

- - -
Also S=>E xB

- - ~ ~
or—-K =E x 21+j)

e d N N
Therefore direction of E —» (— i+2j )

Question9?2

A plane electromagnetic wave of wavelength 1 has an intensity I. It is
propagating along the positive Y- direction. The allowed expressions for
the electric and magnetic fields are given by

[Online April 16, 2018]

Options:

AE = \/S(I):CCOS:ZTH(y—ct) ?;§=%E’l§

B.E = \/Sz:ccos:%n(y—ct): /1;;_B)=—%E/i\
C.E = \/;ICCOS.ZTH(Y—CT,): E,_B)=+%E?
D.E = \/SZOICCOS 2711(37+Ct):/1;,_B)=%E?

Answer: C

Solution:

Solution:

If E , is magnitude of electric field then
1 2 _ _ 21

§£0E XC—1=>E0— C—SO

E
— 0
EO__

— - ~
Direction of E x B will be along + j

Question93



A monochromatic beam of light has a frequencyv = % x 10'*H z and is

propagating along the direction ij%j . It is polarized along the k
direction. The acceptable form for the magnetic field is:

[Online April 15, 2018]

Options:

A.

E AN ANIRA
(a1l 151 -]

B.

rm

B (21 ) o 10t 20 7 a0 ]
C( 75 cos| 10 73 .r—=(3x10)t

Answer: C

Solution:

PaN

E x B should give the direction of wave propagation

=>I/<\X§ w:f(\x(itj)=j_(_—i)=i+_j 1+_J
S V2 V2 vz 17
Option (a), option (b) and option (d) does not satisfy.

PaN PaN

i+

Wave propagation vector K should along

Question94

The electric field component of a monochromatic radiation is given by
E = 2F o' €0s kz cos w tIts magnetic field B is then given by :
[Online April 9, 2017 ]

Options:

2E ~
A. Toj sinkzcoswt



2E ~ |
B. —Toj sinkzcoswt

2E o~ .
C. — J sin kzcoswt

2E ,~

TOJ' coskzcoswt

D.

Answer: C

Solution:

- N
Given, Electric field component of monochromatic radiation, (E ) = 2E ;i coskzcoswt

dE _ _dB
We know that, E = _dt
dE _ _ ~ - _dB
iz - 2E ksinkzcoswt a1

dB=+2E0ksinkzcoswtdt ..... (i)
Integrating eq” (i), we have
B = +2E ksinkz[coswtdt
Magnetic field is given by,
= +2E OEsinkzsinwt
W
We also know that,
Eo_w_,
B, k
Magnetic field vector,

- 2E,~ |
B=TJ sinkzcoswt

Question95

Magnetic field in a plane electromagnetic wave is given by
B = B,sin(kx + wt) i T Expression for corresponding electric field will be

: Where c is speed of light.
[Online April 8,2017]

Options:

A. E = B,c sin(kx + wt) /1;\/ / m
- B0 . A

B.E = Fsm(kx+ wt)kV /m

C. E = —Bocsin(kx + wt) /l;V / m

D.E = B,csin(kx — wt) kV /m
Answer: A

Solution:



tT

Speed of EM wave in force space (c) = B—O
0

- ~
orE = cBO sin(kx + wt) k

Question96

Consider an electromagnetic wave propagating in vacuum. Choose the
correct statement:
[Online April 10, 2016]

Options:
A. For an electromagnetic wave propagating in +y direction the electric field is E = \/—%E YZ(X, t)z
and the magnetic field is B = T%BZ(X, t)y

B. For an electromagnetic wave propagating in +y direction the electric field is E = \/%E yz(x, t)y

- ..o 1 ~
and the magnetic field is B = ﬁByz(x, t)z

C. For an electromagnetic wave propagating in +x direction the electric field is
E = \/%E vV Z, 1) (% + 2) and the magnetic field is

b d _ 1 A A

B - ﬁByz(y' Zr t)(y + Z)

D. For an electromagnetic wave propagating in +x direction the electric field is
- _ 1 N A . . . - _ 1 ~ A
E = \/_EE (X, t)(3 — 2) and the magnetic field is B = \/_EBYZ(X’ (3 + 2]

Answer: D

Solution:

Solution:
Wave in X-direction means E and B should be function of x and t

§-215+3

Question97

Arrange the following electromagnetic radiations per quantum in the
order of increasing energy :

A : Blue light

B : Yellow light

C : X-ray

D : Radio wave.

[2016]

Options:

A.C,A B, D



B.B,A D, C
C.D,B,AC
D.A,B,D,C

Answer: C

Solution:

E. Decreases

y-rays X-rays uv-rays Visiblerays IR rays Radio
VIBGYOR Microwaves waves
Radio wave < yellow light < blue light $ (Increasing order of energy)

Question938

Microwave oven acts on the principle of :
[Online April 9, 2016]

Options:

A. giving rotational energy to water molecules

B. giving translational energy to water molecules

C. giving vibrational energy to water molecules

D. transferring electrons from lower to higher energy levels in water molecule

Answer: C

Solution:

Solution:
Microwave oven acts on the principle of giving vibrational energy to water molecules.

Question99

For plane electromagnetic waves propagating in the z-direction, which
one of the following combination gives the correct possible direction for

E and B field respectively?
[Online April 11, 2015]

Options:
A. (27 +37) and (7 + 27)

B. (-27 = 37) and (37 - 27)



c. (T +27) and (27 =)
D. (37 +45) and (47 = 37)
Answer: B

Solution:

- -

- -
As we know, E .B=0'-'[E J_B]

=d - . .
and E x B should be along Z direction

As (=27 —3j) x (37 - 27 ) =5k
Hence option (b) is the correct answer.

Question100

An electromagnetic wave travelling in the x -direction has frequency of

2 x 10'*H z and electric field amplitude of 27 Vm™!. From the options
given below, which one describes the magnetic field for this wave ?
[Online April 10,2015]

Options:

A B(x, t) = (3% 1078T)J sin[2m(1.5 x 10~ %x — 2 x 10t
B.B(x,t) = (9 x 107°T)1 sin[ 2m(1.5 x 10~% — 2 x 10'%)
C.B(x, t) = (9 x 107T)J sin[ (1.5 x 10™%x — 2 x 10"%)
D. B(x, t) = (9 x 1078T )k sin[ 21(1.5 x 10 %% — 2 x 10't)
Answer: D

Solution:

Solution:
As we know,

E
B =—2=_%7  =9x10 %tesla

Oscillation of B can be only along 3\ or /l; direction. w = 2nf = 2n x 2 x 10*H z
- ~
~B(x,t) = (9 x 107°T )k sin[2m(1.5 x 107%x — 2 x 10*)]

Questionl101

During the propagation of electromagnetic waves in a medium:
[2014]

Options:



A. Electric energy density is double of the magnetic energy density.
B. Electric energy density is half of the magnetic energy density.
C. Electric energy density is equal to the magnetic energy density.

D. Both electric and magnetic energy densities are zero

Answer: C
Solution:
Solution:
E,=CB,and C = —_
20
Electric energy density = %SOE o=l
2
Magnetic energy density = 1Bo” _ L
2,

Thus, p; =ny
Energy is equally divided between electric and magnetic field

Question102

A lamp emits monochromatic green light uniformly in all directions.
The lamp is 3% efficient in converting electrical power to
electromagnetic waves and consumes 100 W of power. The amplitude of
the electric field associated with the electromagnetic radiation at a
distance of 5 m from the lamp will be nearly:

[Online April 12, 2014]

Options:

A.1.34V/m
B. 2.68 V/m
C.4.02 V/im
D. 5.36 V/m

Answer: B

Solution:

Solution:

Wavelength of monochromatic green light = 5.5 x 10" °cm
. Power

Intensity I = Area

_100x(3/100) _ _3

411(5)? 100n
Now, half of this intensity (I) belongs to electric field and half of that to magnetic field, therefore,
I 1

2
§=ZSOEOC

W m™?

21

orE0= EO—C



_ \/ ZX(%H)
(#) x (3 x 108

4 x 9 x 10°

“E,=2.68V /m

Question103

An electromagnetic wave of frequency 1 x 10'* hertz is propagating
along z-axis. The amplitude of electric field is 4V / m. If

£, = 8.8 x 10 '2C? /N - m?, then average energy density of electric field

will be:
[Online April 11,2014]

Options:

A.35.2x 1071 /m3
B.35.2x 107! /m?
C.35.2x 107 /m3

D.35.2x 107 %] /m?

Answer: C

Solution:

Solution:

Given: Amplitude of electric field,

Ey=4v/m

Absolute permitivity, £, = 8.8 x 10™"%c* /N — m?
Average energy density ug =7

Applying formula,

Average energy density u; = %SOE 2

—ugp = 1% 8.8 10712 x (4)’

=352x10"% /m?

Question104

Match List - I (Electromagnetic wave type) with List - IT (Its
association/application) and select the correct option from the choices
given below the lists:



List 1 List 2

1. Infrared waves | (i) To treat muscular strain

2. Radio waves (i} For broadcasting

3. X-rays (iii) To detect fracture of bones

4. Ultraviolet rays | (iv) Absorbed by the ozone layer of the atmosphere

[2014]

Options:

A. 1-(iv), 2-(iii), 3-(ii), 4-(i)
B. 1-(i), 2-(ii), 3-(iv), 4-(iii)
C. 1-(iii), 2-(ii), 3-(1), 4-(iv)
D. 1-(i), 2-(ii), 3-(iii), 4-(iv)
Answer: D

Solution:

Solution:

(1) Infrared rays are used to treat muscular strain because these are heat rays.

(2) Radio waves are used for broadcasting because these waves have very long wavelength ranging from few
centimeters to few hundred kilometers.

(3) X-rays are used to detect fracture of bones because they have high penetrating power but they can't penetrate
through denser medium like dones.

(4) Ultraviolet rays are absorbed by ozone of the atmosphere.

Questionl105

If microwaves, X rays, infrared, gamma rays, ultra-violet,radio waves
and visible parts of the electromagnetic spectrum are denoted by M, X,
I, G, U, R and V then which of the following is the arrangement in
ascending order of wavelength ?

[Online April 19, 2014]

Options:

A.R,M,I,V,U,Xand G
B.MR VX U GandlI
C.G X, U,V,I, Mand R
D.I, M,R,U,V, Xand G

Answer: C



Solution:

Solution:
(c) Gamma rays <mathrm X -rays < Ultra violet < Visible rays < Infrared rays < Microwaves < Radio waves.

Question106

Match the List-I1 (Phenomenon associated with electromagnetic
radiation) with List-II (Part of electromagnetic spectrum) and select the
correct code from the choices given below this lists:

List| List 1l

| Doublet of sodium Visible radiation

I Wavelength corresponding to temperature associated with the isotropic radiation filling all (B) K eriisie

space
| Wavelength emitted by atomic hydrogen in interstellar space (C) j;voert o
IV | Wavelength of radiation arising from two close energy levels in hydrogen (D) | X-rays

[Online April 11, 2014]
Options:

A. (D-(A), (ID-(B), (IID-(B), (IV)-(C)
B. (D)-(A), (ID-(B), (IID-(C), (IV)-(C)
C. (D-(D), aD-(C), (AID-(A), (IV)-(B)
D. (D-(B), (ID-(A), (IID-(D), (IV)-(A)
Answer: D

Solution:

Solution:

Wavelength emitted by atomic hydrogen in interstellar space - Part of short radio wave of electromagnetic spectrum.
Doublet of sodium - visible radiation.

Question107

Match List I (Wavelength range of electromagnetic spectrum) with List
II (Method of production of these waves) and select the correct option
from the options given below the lists.



List| Listll

(1) 700nmto1mm | (i) | Vibration of atoms and molecules.

(2) | 1nmto400nm | (ii) | Inner shell electrons in atoms moving from one energy level to a lower level.

(3)| <107 nm (iii) | Radioactive decay of the nucleus.

4)] 1mmto0.1Tm (iv) | Magnetron valve.

[Online April 9, 2014]

Options:

A. (1)-(iv), (2)-(iii), (3)-(i), (4)-(1)
B. (1)-(iii), (2)-(iv), (3)-(1), (4)-(ii)
C. (1)-(i1), (2)-(iid), (3)-(iv), (4)-(i)
D. (1)-(1), (2)-(i1), (3)-(iii), (4)-(iv)
Answer: D

Solution:

Solution:

Vibration of atoms and molecules 700nm to 1mm
Radioactive decay of the nucleus <10~ 3nm
Magnetron valve 1mm to 0.1m

Question108

The magnetic field in a travelling electromagnetic wave has a peak
value of 20 nT. The peak value of electric field strength is :
[2013]

Options:
A.3V/m
B. 6 V/m
C.9V/m
D. 12 V/m

Answer: B
Solution:

From question,

B, = 20nT =20 x 107°T

(- velocity of light in vacuum C = 3 x 10%ms™!)
- - -

E =B xC

0 0



|B|.|S] =20x10°x3x 10°

Question109

A plane electromagnetic wave in a non-magnetic dielectric medium is
given by E = E (4 X 10~ ’x — 50t) with distance being in meter and time in

seconds. The dielectric constant of the medium is :
[Online April 22, 2013]

Options:
A.24
B. 5.8
C. 8.2
D.4.8

Answer: B

Solution:

Solution:

Questionl110

Select the correct statement from the following :
[Online April 9, 2013]

Options:

A. Electromagnetic waves cannot travel in vacuum.

B. Electromagnetic waves are longitudinal waves.

C. Electromagnetic waves are produced by charges moving with uniform velocity.

D. Electromagnetic waves carry both energy and momentum as they propagate through space.

Answer: D

Solution:

Solution:

Electromagnetic waves do not required any medium to propagate. They can travel in vacuum. They are transverse in
nature like light. They carry both energy and momentum.

A changing electric field produces a changing magnetic field and vice-versa. Which gives rise to a transverse wave known
as electromagnetic wave.




Questionll1l

Photons of an electromagnetic radiation has an energy 11 keV each. To
which region of electromagnetic spectrum does it belong ?
[Online April 9, 2013]

Options:

A. X-ray region

B. Ultra violet region
C. Infrared region

D. Visible region

Answer: A

Solution:
_ hc _ hc
E = i\ = A= 5

. 6.6x107**x3x10°
=2A

11 x1000x 1.6 x 10712
=124 4

Increasing order of frequency_

: 1 | | ]
x-rays u-vrays visible Infrared
wavelength range of visible region is 4000A to 7800A.

Questionl112

An electromagnetic wave in vacuum has the electric and magnetic field
E and B, which are always perpendicular to each other. The direction of

polarization is given by vec X and that of wave propagation by k. Then
[2012]

Options:

- - - - -
A.X|Bandk | BXE

{
{

@l

- -
B.X |E and k | E x

l
!

- - -
C.X||Band k |E x B
- - - - -
D.X|E and k | BXE
Answer: B

Solution:



“* The E.M. wave are transverse in nature i.e.,

- - 5
—kXE _ g )
"
R -
where H = B
m
- - R
and ¥ XEH “F ... (i)

- - - -
kis LH and k isalso L to E

- -
The direction of wave propagation is parallel to E x B.
The direction of polarization is parallel to electric field.

Questionl113

An electromagnetic wave with frequency w and wavelength 2 travels in
the + y direction. Its magnetic field is along + x-axis. The vector
equation for the associated electric field (of amplitude E ;) is

[Online May 19, 2012]

Options:

A E = —Eocos(wt+27“y) X
B.E):Eocos(wt—%ny) X

C.E

Eocos(wt—%ny) z

- 2 ~
D.E = —Eocos(wt—T“y) 2
Answer: C

Solution:

Solution:
In an electromagnetic wave electric field and magnetic field are perpendicular to the direction of propagation of wave.

The vector equation for the electric field is
—_

E =Eocos(wt—2THy) Z

Questionl14

The frequency of X-rays; y-rays and ultraviolet rays are respectively a, b
and c then
[Online May 26, 2012]

Options:
A.a<b;b>c

B.a>b;b>c



C.a<b<c
D.a=b=c
Answer: A

Solution:

Solution:

Frequency range of y -ray,
b=10"%-10"%Hz

Frequency range of X-ray,
a=10"%-10"Hz

Frequency range of ultraviolet ray,
c=10"-10"Hz

La<bb>c

Questionl115

An electromagnetic wave of frequency v = 3.0 MHz passes from vacuum
into a dielectric medium with permittivity € = 4.0 . Then
[2004]

Options:

A. wave length is halved and frequency remains unchanged

B. wave length is doubled and frequency becomes half

C. wave length is doubled and the frequency remains unchanged
D. wave length and frequency both remain unchanged.

Answer: A

Solution:

Solution:
Frequency remains unchanged during refraction Velocity of EM wave in vacuum
1

V vacuum \/1,10 EO

C
V —_—
med Vi, €, x4 2
A /

- 1
Avacuum Vvacuum C 2
. Wavelength is halved and frequency remains unchanged

med

Questionl16

Electromagnetic waves are transverse in nature is evident by
[2002]

Options:



A. polarization
B. interference
C. reflection
D. diffraction

Answer: A

Solution:

The phenomenon of polarisation is shown only by transverse waves. The vibration of electromagnetic wave are restricted
through polarization in a direction perpendicular to wave propagation.




