Electromagnetic Waves

Questionl

An electromagnetic wave of frequency 100 MHz propagates through
a medium of conductivity, c = 10 mho/m. The ratio of maximum

conduction current density to maximum displacement current
density is .

Take 7L =9 x 10° Nm?/C?]
TED
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Answer: 1800

Solution:
According to Ohm's Law in point form, the conduction current density is proportional to the electric field (E)

Jc - O-E
The maximum value occurs when the electric field is at its peak (Eg) :
(JC)max == O'EO

Displacement current density arises from a time-varying electric field. For an electromagnetic wave, the
electric field can be represented as E = Ej sin(wt).

Maxwell defined displacement current density as :

Ja = e%—?

= Jq = e (Eg sin(wt)) = ewE cos(wt)

The maximum value occurs when the cosine term is 1 :

(Jd)max = 6(.UEO



The ratio of the maximum values is:

. _ (Jc)max _ U'EO _ O
Ratio = Umee By ew

The conductivity (o) of the medium is, o = 10mho/m
The angular frequency (w) is 2nf = 27 x (100 x 106) = 27 x 10%rad/s
Since no specific medium permittivity is given, we use the permittivity of free space ( € ).

Given —— = 9 x 10, then ¢y =

47eg

1
36mx10° °
Substituting these values into the ratio:

: 9
Ratio = 10 _ 10x36wx10

mX27T><108 2mx 108

Ratio = 180 x 10! = 1800

Therefore, the ratio of maximum conduction current density to maximum displacement current density is
1800 .

Hence, the correct answer is 1800.

Question2

The electric field of a plane electromagnetic wave, travelling in an
unknown nonmagnetic medium is given by,

E, = 20sin (3 x 10°z — 4.5 x 10'*t)V/m

(where x, t and other values have S.I. units). The dielectric constant
of the medium is

(speed of light in free space is 3 x 108 m /s)
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Answer: 4

Solution:



The general standard mathematical form for a plane wave traveling in the positive x -direction is:
y(x,t) = Asin(kx — wt)
Where :

e A s the amplitude (maximum displacement).

e kis the angular wave number, related to the wavelength (X) by k = 2T

. . . 2
 wis the angular frequency, related to the time period (T) by w = .

The speed of propagation of traveling wave is given as,
_w
V=7

From Maxwell's equations, the speed of an electromagnetic wave in a vacuum (c) depends on the
fundamental constants of free space:

1
CcC = —F—
v/ Ho€o

Where p is the permeability of free space and ¢ is the permittivity of free space.

When light travels through a material medium, its speed (v) changes depending on the magnetic and
electrical properties of that specific medium :

_ 1
VT ke
Where p is the absolute permeability and € is the absolute permittivity of the medium.
Relative to a vacuum :

e 1 = popr (Where i, is relative permeability)

e € = €p€, (Where €, is relative permittivity, also called the dielectric constant, often denoted as K )

1

V= ——mo —
(.U'O.ur)(eoer)
11
V= T Ve
== —=

VB€Er

As the medium is non-magnetic so its relative permeability is exactly 1 (u, = 1).

C

V1xe,

vV =

=>v= \/Ca
> VE=4$

“ea=(5)

From the given electric field equation :

E, = 20sin (3 x 10°z — 4.5 x 10'¢)

By comparing this to the standard form E; = Ej sin(kx — wt) :



e k=3 x 10%ad/m
e w=4.5x 10'rad/s

The speed of the wave in the medium (v) :

V:r

4.5x1014

= V= T300

= v=15x10%m/s

We are given ¢ = 3 x 10% m/s.
2
— (<
€& = (v)
3x10° )
= &= (1.5><108)

=6 =(2)2=4

Therefore, the dielectric constant of the medium is 4 .

Hence, the correct answer is 4 .

Question3
The equation of the electric field of an electromagnetic wave
propagating through free space is given by :

E = +/377sin (6.27 x 10°¢ — 2.09 x 10 °z)N/C

The average power of the electromagnetic wave is (%)W /m?. The
value of o is

(Take w/’;—: = 377 in SI units )
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Answer: 2

Solution:



The standard wave equation for the electric field component of an electromagnetic wave is given as
E = E¢ sin(wt — kx), where E is the amplitude of electric field, w is the angular frequency and k is the
wave number.

The give equation for the electric field of electromagnetic wave is
= /377sin (6.27 x 10% — 2.09x 10 °x)N/C

So, electric field amplitude is Eg = v/ 377 N/C.

The total energy density (energy per unit volume) of an electromagnetic wave is the sum of the electric field
energy density ( ug ) and magnetic field energy density ( us ).

u=ug +ug = %€0E2—|—%,u,0 B2

In an electromagnetic wave traveling in a vacuum, the instantaneous electric and magnetic fields are related
by the speed of light (¢):

E=cB= B=2E2

So, the energy density for magnetic field is,

up = 3u0(%) = g

2= = pyc2=2=1.

. _ 1
Since ¢ = e = e =

ug = %60E2
Thus, the energy is equally shared: ug = ug.
The total instantaneous energy density is:

u=Uug +up = %60E2 + %GoEQ = ¢E?

2

Since the electric field oscillates sinusoidally (E = Ej sin wt), the average value of E? over one cycle is %

_ E2
i=c () = Tek}

Intensity is defined as the energy crossing a unit area per unit time. It is related to the average energy density
by the speed of the wave c :

I=uxc

= I = (5eE})c

The characteristic impedance of free space, Zy = ’:—g (approx 3772).
_ 1 2 ( 1
1= 0B (7=)

7B ( e Y_EB [a_ (B 1 _1
- 2 v/ L0€D - 2 Ho - 2 377 T 2

1 _ 1 _
>5=T=>a=2

Therefore, the value of « is 2.



Question4
The electric field in a plane electromagnetic wave is given by :
E, = 69sin [0.6 x 10°z — 1.8 x 10''¢] V/m.

The expression for magnetic field associated with this
electromagnetic wave is T.
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Options:

A.

B, =23 x 10 "sin [0.6 x 10°z — 1.8 x 10''¢]
B.

B.=2.3x10"sin [0.6 x 10°z + 1.8 x 10''¢]
C.

B, =2.3x10""sin [0.6 x 10°z — 1.8 x 10''¢]
D.

By = 69sin [0.6 x 10°z + 1.8 x 10''¢]

Answer: A

Solution:
In a vacuum or air, the amplitudes of the electric field ( E, ) and magnetic field ( B, ) are related by the

speed of light (c) :

=5 Y
C—BO:B()— -

From the given equation E; = 69 sin [0.6 x 10%x — 1.8 x 1011t] ,Eo = 69 V/m, w (angular frequency)
= 1.8 x 10"rad/s and k (wave number) = 0.6 x 103rad/m

So, the amplitude of the magnetic field is,



By= ;8- =23x10%=23x10"T

— —
In electromagnetic waves which is a transverse waves consists of the electric field ( E ), magnetic field ( B),
and the direction of propagation (?) are all mutually perpendicular.

The wave is traveling along the +x direction and the electric field is oscillating along the y -axis.
Using the direction vector § = E x B :

1=7x B

For this to be true, the magnetic field must be along the z — axis(f{), becausej x k=1

In an electromagnetic wave in a vacuum, the electric and magnetic fields are in phase.

So, the phase of magnetic field vector is, (0.6 x 10%x — 1.8 x 1011'5)
Therefore, the magnetic field vector is B, = 2.3 x 10~ " sin [0.6 x 103x — 1.8 x 10111;} T.

Hence, the correct option is (A).

Question5

A laser beam has intensity of 4.0 x 10* W /m?. The amplitude of
magnetic field associated with beam is T.

(Take €, = 8.85 x 10 >C%/Nm? and ¢ = 3 x 10° m/s)
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Options:

A.

1.83

2.0

5.5



18.3

Answer: A

Solution:

The intensity I of an electromagnetic wave is related to the maximum electric field ( E¢ ) and the maximum
magnetic field (Bg). The formula for the intensity to the magnetic field amplitude is :

__ B}
I = o
Where :

¢ [is the intensity.
e cis the speed of light in a vacuum.
e B, is the amplitude of the magnetic field.
e L is the permeability of free space.
The relationship between the speed of light (c), permeability ( o ), and permittivity ( €p ) of free space is,

1 1
C = = —_ —
v/Ho€o Fo €oc?

By substituting pg into the intensity equation, we get a formula directly relating the given variables :
cB2 _ 1
=2
1
()

The intensity of the laser beam is, I = 4.0 x 10'* W /m?

I =

636033

The permittivity of free space, €9 = 8.85 x 10_12Cz/N -m?
The speed of light, ¢ = 3 x 10° m/s

From the intensity formula, By = C%go

Putting the values,
By — 2x4.0x10" _ 8.0x10"
0 (3x108)°x8.85x 10712 27x10%4x8.85x 1012

By = \/23%995 x 102 ~ 1.83 T

Therefore, the amplitude of the magnetic field associated with beam is approximately 1.83 T.

Hence, the correct option is (A).

Question6



Match List - I with List - I1.

List-1 List - 11
Relation Law

A. f E. Ez __ d f B. % I. Ampere's circuital law
_>

B. f B-dl = po (I + 60%) II. Faraday's laws of electromagnetic induction

L
C. $E-da= % [, pdv II. Ampere - Maxwell law
D. ¢ B. El} = pol IV. Gauss's law of electrostatics

Choose the correct answer from the options given below :
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Options:

A.

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

A-IL, B-111, C-1V, D-I
C.

A-IV, B-I, C-11, D-1II
D.

A-Il, B-III, C-I, D-IV

Answer: B

Solution:
For relation A

The equation § E-dl=— % § B - dd) mathematically states that the line integral of the electric field around

a closed loop is equal to the negative rate of change of magnetic flux through the loop. This is the integral
form of Faraday's Law of Electromagnetic Induction, i.e., A — II

For relation B



— =
This equation § B - dl = pg (I + €0 CEI;E ) relates the magnetic field line integral to both the conduction

ddy
dt

Maxwell to account for changing electric fields. This is the Ampere-Maxwell Law, i.e., B — 111

current (I) and the displacement current <eo ) . This modification to Ampere's Law was introduced by

For relation C

In relation C, f E.-dd = % fV pdV the total charge Qenclosed 1S Tepresented as f E - da. The equation

states that the total electric flux through a closed surface is equal to the enclosed charge divided by €. This is
Gauss's Law of Electrostatics, i.e., C — IV

For relation D

- =
This relation § B - dl = p,l states that the line integral of the magnetic field around a closed loop is equal to
o times the current enclosed by the loop. This is the original form of Ampere's Circuital Law which is valid
for steady currents, i.e., D — I

So, the correct match is A — I, B — III, C — IV, D — 1. Hence, the correct option is (B).

Question7

The ratio of speeds of electromagnetic waves in vacuum and a
medium, having dielectric constant £ = 3 and permeability of
@ = 20, is ( o = permeability of vacuum)
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Options:

A.

Answer: C



Solution:

The speed of light (or any electromagnetic wave) in a vacuum is given by the formula :

1
C = ——
\/NOEO

Where :
e 1. uo is the permeability of free space.
e 2. ¢ is the permittivity of free space.

The speed of light in a specific medium is determined by that medium's permeability ( @ ) and permittivity (e
):

1
Jhe

v =

For the given medium :
Permeability : p = 2u,

Dielectric Constant k = 3. The dielectric constant (relative permittivity €, ) is defined as e; = é Therefore,

€ = keg = 3eo.

We need to find the ratio ¢ : v, which is the same as the refractive index n of the medium.

c _ 1/
v = 1 vhe

c _ pe [ (210)(3€0)
= v \/Moﬁo - Ho€o

For the medium p = 2p0 and € = 3¢y :

c — [ (2p)Bea) _ V6

v Ho€o 1
The ratio of the speed in vacuum to the speed in the medium is v/6 : 1.

Hence, the correct option is (C).

Question8

\text { Match the LIST-I with LIST-II }

| Listl | List-1I |
|i|Radio-wave |u is produced by Magnetron valve |
MMicro—wave |y due to change in the vibrational modes of atoms |
|
|

Igl Infrared—wave|@ due to inner shell electrons moving from higher energy level to lower energy level
MX-ray |m due to rapid acceleration of electrons




Choose the correct answer from the options given below:
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Options:

A.

A-IV, B-II, C-I, D-III

B.

A-IV, B-IIL, C-I, D-II

C.

A-IV, B-1, C-II, D-III

D.

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

Answer: C

Solution:

Radio-waves

¢ 1. Radio waves have the longest wavelengths in the EM spectrum. They are artificially generated by
transmitters. The core process involves an oscillating electric current in a special conductor called an
antenna.

e 2. According to electromagnetic theory, an accelerating electric charge produces electromagnetic
waves. In an antenna, electrons are rapidly accelerated back and forth.

e 3. So, the radio waves are produced due to rapid acceleration of electrons.
Micro-waves

¢ 1. Micro-waves are high-frequency radio waves. While they can be produced by acceleration, high-
power microwaves (like those in radar or microwave ovens) are generated using special vacuum tubes.

e 2. The most common device for this is the Magnetron (or Klystron). A Magnetron uses a magnetic field
to control the flow of electrons in a vacuum, causing them to oscillate at microwave frequencies.

¢ 3. Hence the Micro-wave is produced by Magnetron valve.
Infrared-waves

e 1. Infrared waves are often perceived as heat. All objects above absolute zero emit infrared radiation.



e 2. This emission arises from the thermal motion of atoms and molecules. When the atoms in a
molecule vibrate or rotate, they change energy states. The transition between these vibrational and
rotational energy levels results in the emission of infrared photons.

e 3. Hence, the infrared waves are produced due to change in the vibrational modes of atoms.
X-rays

e 1. X-rays have very high energy and short wavelengths. They are typically produced in X-ray tubes.

e 2. There are two main ways X-rays are produced:

1. (A) Braking Radiation: When high-speed electrons are suddenly stopped by a metal target.

2. (B) Characteristic X-rays: When a high-energy electron knocks an electron out of an inner shell (like
the K-shell) of an atom, a vacancy is created. An electron from a higher energy outer shell falls into
this vacancy. The large energy difference is released as an X-ray photon.

e 3. Hence, it is due to inner shell electrons moving from higher energy level to lower energy level.

So,

A (Radio-wave) — IV
B (Micro-wave) — |

C (Infrared-wave) — II
D (X-ray) — III

Hence, the correct option is (C).

Question9

The electric field of an electromagnetic wave travelling through a
medium is given by E(z,t) = 25sin (2.0 x 10'° — 107z) 7 then the
refractive index of the medium is .

(All given measurement are in SI units)
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Options:
A.

2



1.2

C.

1.5

D.
1.7

Answer: C

Solution:

The standard equation for a wave travelling in the +x direction is :

E(x,t) = Eg sin(wt — kx)

The given equation of electromagnetic wave is E(x, t) = 25sin (2.0 x 10"t — 107x)f1 :
Comparing both the equations,

Angular frequency = w = 2.0 x 10%rad/s

Wave number = k = 10" m™*

The speed of the electromagnetic wave in the medium is given by the ratio of angular frequency to wave
number:

_w
v=7

_ 2.0x10% __ 8
V_T_2.0><10 m/s

The refractive index of a medium is the ratio of the speed of light in a vacuum (c) to the speed of light in that
medium (V) :

n:i
v

Taking the speed of light in vacuum as ¢ = 3.0 x 108 m/s:

_ 3.0x108
n = 2.0x108
n=1.5

Hence, the correct option is (C).

Question10



A plane electromagnetic wave is moving in free space with velocity
c = 3 x 10° m/s and its electric field is given as

E =54 sin(kz — wt) 7 V/m, where j is the unit vector along y-axis.
The magnetic field vector B of the wave s :
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Options:

A.

—1.8 x 10 "sin(kz — wt)¢ T

B.

+1.8 x 10 "sin(kz — wt) ¢ T

C.

1.4 x 10 " sin(kz — wt) k T

D.

1.4 x 10 " sin(kz — wt)i T

Answer: A

Solution:

In an electromagnetic wave traveling through a vacuum, the amplitudes of the electric field ( E, ) and the
magnetic field ( By ) are related by the speed of light ( ¢ ):

Cc= % = By = %
Given that Eg = 54 V/m and ¢ = 3 x 108 m/s

_ 54
By = 3%

Bp=18x10"T

In a transverse electromagnetic wave, the electric field (E), magnetic field (B), and the direction of
propagation (v) are all mutually perpendicular. The direction follows the right-hand rule:

ExB=%

The variable z in phase expression ( kz — wt ) indicates the wave is moving along the +z direction ( k ).



— ~
The unit vector along direction of electric field ( E ) is given as j.
We need a unit vector such that j x (B) = k.
We know that j x 7 = —Rand—j xi=k
Therefore, if E = j and ¥ = k, then B must be —i because ] x (—i) = —(§ x i) = —(-k) =k.
Combining the magnitude and the direction:
— .
B=-18x10 "sin(kz — wt)i T

Hence, the correct option is (A).

Questionll

An electromagnetic wave travelling in x-direction is described by
field equation

E, =300sinw (t — £).
If the electron is restricted to move in y-direction only with speed of

1.5 x 10°% m/s then ratio of maximum electric and magnetic forces
acting on the electron is .
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Options:

A.

200

150

400



300

Answer: A

Solution:

The electric force acting on a charge e is given by F = qE. The maximum force occurs when the electric
field is at its peak (Ey):

F,(max) = eEj

From the equation E, = 300 sin w (t — %), the peak electric field is Ey = 300 V/m.

The magnetic force on a charge is F = q(v x é), which has a maximum value of:
F,, = evB,
Where By is the peak magnetic field and v is the speed of the electron (1.5 x 10% m/s).

In an electromagnetic wave, the amplitudes of the electric and magnetic fields are related by the speed of
light (¢):

Ey

c

CcC = % — BO =
The speed of light is ¢ ~ 3 x 10® m/s.

So, the ratio of maximum electric force to maximum magnetic force is:

Fo _ eEy _ Eg
Fm - eng - UBO

Substituting By = Ej/c into the ratio:

Fo _ _E  _ ¢
F, = v(Ey/c) — w
F, _ 3x108

F, 7 15x10°

Fe _ 2 _
L — 2% 102 = 200

Therefore, the ratio of maximum electric and magnetic forces is 200. Thus, the correct option is (A).

Question12

An electromagnetic wave travels in free space along the x-direction.

At a particular point in space and time, B=2x 10_73 T is
associated with this wave. The value of corresponding electric field

E at this point is V/m.
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Options:

—600 k&

Answer: B

Solution:

Given:

e Wave travels along +z-direction

e Magnetic field is

B=2x10"7;T

We know that for an electromagnetic wave,
ExB
gives the direction of propagation.
Since the wave is moving along 4% and Bis along 47, we need E such that
Exj=i
Now,
(~k)xj=1i
So, E must be along —k.

Now use the relation in free space:



E=cB

where

c=3x10%m/s

So,
E=3x10*x2x10""
E =6 x 10! = 60 V/m
Therefore,
E=—60kV/m

So, the correct answer is:

—60k V/m

Option B

Question13

A magnetic field vector in an electromagnetic wave is represented by
B = By sin (27rv — %T“’)} Its associated electric field vector is
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Options:

>

E= —vABj sin (27rvt — 2L/\‘”)IA€

&

E= —vABj sin (27rvt — ZL/\‘”)i

a

—

E = vABjsin (27rvt — 2%‘"”)12:

D.



A

E = vAB sin (27rvt — 2%“”)2

Answer: A
Solution:
The argument of the sine function is (27T'Ut — %Tw) This indicates the wave is propagating along the

positive x -axis.

Let the unit vector for the direction of propagation be i = i.

%
In an electromagnetic wave, the electric field vector (E), the magnetic field vector (B), and the direction of

propagation (T ) are mutually perpendicular. Their relationship is given by:

E=Bxn

= N
It is given that B is along j :

E=7xi1=—-k

The magnitude of the electric field and magnetic field in a vacuum are related by the speed of light (¢):
Eo = cBy

The speed of light is the product of frequency and wavelength: ¢ = V.

E¢ =vAB,

The electric field must have the same phase as the magnetic field. So, the electric field component is,

E: Eg sin (2mvt — 2%) (—E)

:>E>: —vA By sin (27rvt — 2TH)R

Therefore, the associated electric field vector is —vA B sin (271"Ut — 2%)1;

Thus, the correct option is (A).




Question14

A displacement current of 4.0 A can be set up in the space between
two parallel plates of 61 F' capacitor. The rate of change of potential
difference across the plates of the capacitor is nearly o x 10° V /s.
The valueof avis .
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Options:
A.

0.58
0.67

0.82
D.
0.75

Answer: B

Solution:

According to Maxwell's law, the displacement current in a capacitor is equal to the rate of change of charge
on the plates <Id = %).

The charge ( Q) ) on a capacitor of capacitance ( C'), connected to potential difference (V) is:
QR=CV

On differentiating both sides with respect to time (¢) :

aQ _ dv

& = Ca

Since displacement current is I; = %, we have:

av
IL=Cc%



The displacement current is given as I4 = 4.0 A and the capacitance of capacitoris C = 6u F =6 x 10 6 F
: Putting the values,

v _ L
dt — C

dav 4.0
= a7 Gx10"

= 4 =2 %105~ 0.67 x 10°L = a x 10°~
= a = 0.67

Therefore, the correct option is (B).

Question15

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

Assertion (A) : The electromagnetic wave exerts pressure on the
surface on which they are allowed to fall.

Reason (R) : There is no mass associated with the electromagnetic
waves.

In the light of the above statements, choose the correct answer from
the options given below :
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Options:

A.

Both (A) and (R) are true and (R) is the correct explanation of (A)

B.

Both (A) and (R) are true but (R) is not the correct explanation of (A)

C.

(A) is true but (R) is false



D.
(A) is false but (R) is true

Answer: B

Solution:

Electromagnetic waves contain both energy (E) and momentum (p). And when an EM wave strikes a surface,
it transfers its momentum to that surface.

According to Newton's Second Law, the rate of change of momentum is force, and force per unit area is
pressure (radiation pressure).

Therefore, assertion (A) is true.

Electromagnetic waves consist of photons. Photons have zero rest mass. Though photons have energy and
momentum, they do not have mass.

Therefore, reason (R) is true.

The reason EM waves exert pressure is because they carry momentum ( p = % ), not because they don't have

mass. If waves had no momentum, they wouldn't exert pressure regardless of their mass status. Thus, while
reason is a true fact about EM waves, it does not explain why they exert pressure.

So, both (A) and (R) are true, but (R) is not the correct explanation of (A).

Thus, the correct option is (B).

Question16

A point light source emits E.M. waves in free space. A detector,
placed at a distance of L m, measures the intensity as /.. The
detector is now shifted to another location on the same spherical
surface ensuring the angle between original location and new
location as 45°. The measured intensity at new location willbe ____.
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Options:

A.

I,
4



w

&

a

I,
V2
D.

I,
2
Answer: B

Solution:

The intensity (I) of electromagnetic waves from a point source in free space follows the inverse square law.

I=;2

47r?

Where P is the power of the source and r is the distance from the source.

1: 45°
|. . 1.

] Source

Initial distance is L and the intensity recorded is I.

It is given that the detector is shifted to another location on the same spherical surface.

On a spherical surface is all points are at a constant distance r from the center (the source).

Since the detector remains on the same spherical surface, its distance from the point source remains L .
The angle (45° ) represents a change in direction, but not a change in distance r .

Asris constantry =19 = L :

=1

_ P
Inew - 47rL2

Therefore, the measured intensity at new location will be I. Hence, the correct option is (B).



Questionl7

For an electromagnetic wave propagating through vacuum, E, E and
w represent propagation vector, electric field and angular frequency,
respectively. The magnetic field associated with this wave is
represented by:
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Options:

A.

Answer: B

Solution:

In an electromagnetic wave, the electric field E, magnetic field B, and the propagation direction k are

- =
mutually perpendicular to each other. The wave travels in the direction of the cross product E x B.

Also the magnetic field vector is in the direction of kxE

The magnitude of magnetic field is given as B = %, where c is the speed of light.

Maxwell's equation (Faraday's Law) in differential form is :

— —
_ _ 0B
VXE=—-%



For a plane monochromatic wave, the fields can be represented asb :

E — Eoei&)?—wt)

E _ Eoei(??—wt)

Applying the curl operator ( V x ) to the electric field expression :

- = =
VxE=ik xE

Applying the time derivative to the magnetic field expression :

Substituting into Faraday's Law :

— = -
ik x E = —(—iw B)

= = =
= ik x E = iwB

P
=B==

w

=l

Therefore, the correct option is (B)

Questionl8

A parallel plate capacitor of area A = 16 cm” and separation
between the plates 10 cm , is charged by a DC current. Consider a
hypothetical plane surface of area A; = 3.2 cm” inside the capacitor
and parallel to the plates. At an instant, the current through the
circuit is 6A. At the same instant the displacement current through

Agis mA .

JEE Main 2025 (Online) 22nd January Evening Shift

Answer: 1200

Solution:



To determine the displacement current through a hypothetical plane surface within a parallel plate capacitor,
follow these steps:

Current Density Calculation:
The current density (Jg) is the current (I) divided by the area (A) of the capacitor plates.
Given: I =6 A and A = 16 cm”.

_ I _ _6A
Jd_A_chm2

Displacement Current Through the Hypothetical Surface:
The hypothetical surface has an area Ay = 3.2 cm?’.

The displacement current through this smaller area (Ismq) 1s the current density multiplied by the area of the
hypothetical surface.

Ismall = ']d X AO = 166A 7> X 3.2 Cl’l’l2

cm
Calculation:
Simplify the expression to find the displacement current:

Isman = () x 3.2 = 1.2A = 1200mA

Thus, the displacement current through the hypothetical plane surface is 1200 mA.

Question19

A time varying potential difference is applied between the plates of a
parallel plate capacitor of capacitance 2.5y F. The dielectric
constant of the medium between the capacitor platesis 1. It
produces an instantaneous displacement current of 0.25 mA in the
intervening space between the capacitor plates, the magnitude of the
rate of change of the potential difference will be Vs~ L.

JEE Main 2025 (Online) 23rd January Evening Shift

Answer: 100

Solution:



av. _ I

dat T C

Given that the displacement current is I = 0.25 x 103 A and the capacitance is C = 2.5 x 10 ®F, the rate
of change of the potential difference is calculated as follows:

V. __ 0.25x10~% __ 0.25 1078 _ 3
T = 55.10F — 35 X o = 0.1x10° =100V/s.

Thus, the magnitude of the rate of change of the potential difference is 100 V/s.

Question2(

A plane electromagnetic wave propagating in x-direction is
described by

E_=(200Vm ')sin [1.5 % 10't~0.05x] ;
The intensity of the wave is :

(Use E,=8.85% 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:



I= %EDE,:,2 ¥

b= b

I= 2xg885x10 2 xgx10*x3x10®

I=531W/m"

Question21

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 103y s):

[27-Jan-2024 Shift 2]

Options:
A.

36Nm 2
18Nm 2

6Nm 2
D.
2Nm 2

Answer: C

Solution:



Fadiation pressure = %

Question22

A plane electromagnetic wave of frequency 3SMHz travels in free
space along the X-direction. At a particular point (in space and

time) E =96jV/m. The value of magnetic field at this point is :

[29-Jan-2024 Shift 2]
Options:

A.

3.2 % 10°%T
B.
32%10°%T
C.

9.6]T
D.

9.6 % 10 °kT
Answer: A

Solution:



Il
0

byt G|t

3% 10°

E _ 96

B = -
3x10° 3 x10%

B =32x107°T

5 —9xE

P
=1 XJ = Ilt

50,

—

B =3.2x10°%T

Question23

The electric field of an electromagnetic wave in free space is

l‘epresented as E =E  cos(wt—kz) i.
The corresponding magnetic induction vector will be :

[30-Jan-2024 Shift 1]
Options:

A.

— AN
B =E Ccos(wt—kz)j
B.

- EU M
B = —cos(wt —kz)j

C

C.

H‘ .-"\

B =EDC05{mf—kz}j

D.



Ey

—— cos(wf + kz ;
o ( )j

—
E:

Answer: B

Solution:

Given E =E jcos(wt—kz) i
—- E, .
B = vl cos(ewt —kz) §

C=E *B

Question24

Match List I with List 11

List-l List-11
Gauss's law of - =
A. L |$E da= Lipav
magnetostatics €
Faraday's law of
B. | electro magnetic | Il @E} da=-0
induction
— — —-d.— —
C. | Ampere's law .| $E-dl= EIB - da
(Gauss's law of 5 —
electrostatics $B - d Ho

Choose the correct answer from the options given below:

[30-Jan-2024 Shift 2]
Options:

A.



A-1, B-II, C-1V, D-1I
B.
A-1I1, B-1V, C-1, D-1I
C.
A-1V, B-11, C-111, D-1
D.
A-I1, B-II1, C-1V, D-1

Answer: D

Solution:

Maxwell's equation

Question25

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

frequency of 5 x 101°Hz and an amplitude of 50Vm 1. The total
average energy density of the electromagnetic field of the wave is :

[Use £0 = 8.85 x 107 12C2/Nm?]|
[31-Jan-2024 Shift 1]

Options:

A.

1.106 x 10~ 8ym™3

B.

4.425 x 10 8Jm3

C.

2212 % 10 8Jm™3



D.
2212 x 10710, 3

Answer: A

Solution:

E E

u 0

b | e

E

1

Up= 5 %885 1071 % (500

E

=1.106 x 107 /m’

Question26

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 11 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:

Question27

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

C.

5

D.
2

Answer: C



Solution:

A= S= 3x10 = Sm
f  60x10°
Question28

IfE and K represent electric field and propagation vectors of the
EM waves in vacuum, then magnetic field vector is given by : (®0—

angular frequency) :
[24-Jan-2023 Shift 1]

Options:

- -
D. K x E
Answer: A

Solution:

A A
Magnetic field vector will be in the direction of Kx E

magnitude of B = E_ IiE
C o

or B= L(KxE)
(O]

Question29



The electric field and magnetic field components of an
electromagnetic wave going through vacuum is described by
E_=Ein (kz — ot)

By = Bsin (kz — ot)

Then the correct relation between E, and B is given by
[24-Jan-2023 Shift 2]

Options:

A. kE,= 0B,
B. E B, = ok
C. oE,=kB,
D.E,=kB,
Answer: A

Solution:

w|om

~le
(=]

Question30

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:

As , poynting vector

_ - —

S=EXxH

Given energy transport = negative z direction
Electric field = positive y direction

A NEEA
(—k) = (ﬂ) x [i]
Hence according to vector cross product magnetic field should be positive x direction.

Question31

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:

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




Question32

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 1s false but statement II is true
D. Both Statement I and Statement II are false

Answer: A

Solution:

Statement-l is correct as EMW are neutral.
Statement-Il is wrong.

. 1
Eo_' Bo

Moo

Question33



Match List-I with List-11.

List-] List-ll

A. Microwaves |. Physiotherapy

B. UV rays Il. 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-I1, B-1V, C-111, D-1
B. A-1V, B-I, C-II, D-III
C. A-1V, B-111, C-1, D-IT
D. A-I11, B-II, C-I, D-IV

Answer: C

Question34

Match the List-I with List-I1:

List | Listll

A. Microwaves |. Radio active decay of the nucleus
B. Gamma rays | Il. 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-11, C-11I, D-1V
B. A-1V, B-I, C-II, D-III
C. A-1, B-111, C-1V, D-II
D. A-1V, B-111, C-II, D-I
Answer: B

Solution:

Based on theory.

Question35

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'E

Answer: D

Solution:



Question36

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

Options:
€ E’ 2
— =0 _ B
A. UE - 2 0 UB - 2_“0
2
_ E _ kB
B. Ug T Uy >

_ B _ B
C.U,= =, Uy= >

E 2E) 2p,
€ E’ u B
_ 0 _ 0
D. UE 20 UB 2
Answer: A
Solution:

By theory of electromagnetic waves

1 2
UE— —¢ E° and

2 0
_ 1B’
Us= 3 ™
Question37

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:

By theory

Question38

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.2x10"Vm'
C.6.0x10 'Vm'
D. 180Vm '
Answer: D
Solution:

In electromagnetic wave, E ;=B C

E,=6x 1077 %3 x 10° E,— Amplitude of electric field



=18x10' B, — Amplitude of magnetic field
=180v/m C — Speed of light

Question39

A plane electromagnetic wave of frequency 20 MHz propagates in
free space along x-direction. At a particular space and time,

E = 6.6/v/m. What is B at this point?
[11-Apr-2023 shift 2]

Options:
A.—22x 10 T
B.—2.2x10 5T
C.2.2x 10 %T

D.22x10 8T
Answer: C

Solution:

_ @ _ 6.6
C 3x10®
N
For direction of B

- 5 —
=ExB=C
- A

/\ .
=jxXB=1
—> *8/\
B =(2.2x10 ")kT

B =22x10"

Question40

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. A is true but R 1s 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

Questiond1

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.$D-dA=Q
B.$F-d=-— a%
C.$§E-d=0

D. 93_B)-51)=,,LOI
Answer: B

Solution:



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

- — o
.dl] =— B
$E : ot

Question42

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:

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

Question43



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:

B)

Direction of propagation of EM wave will be in the direction of (E x B

Question44

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

List1 List 1l

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

(B) Ultraviolet | (II) 1 nmto 107> nm

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

(D) Infra-rad (IV) 0.lm to 1 mm

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

Options:



A. (A)-(IV), (B)-(I), (C)-(IID), (D)-(1T)
B. (A)-(IV), (B)-(1), (C)-(1I), (D)-(11I)
C. (A)-(D), (B)-(IV), (O)-(ID), (D)-(IIT)
D. (A)-(IV), (B)-(ID), (C)~(1), (D)-(11I)
Answer: B

Solution:

Microwave

Radiowave

Infra-red —4——» A > 700nm
Visible —t—> 400 nm to 700 nm
Ultraviolet » A< 400 nm
X—Tray . e
v E—Increases
A—Decreases
Questiond5s

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 “Am " 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 2, speed of light

in vacuum ¢ =3 x 10°ms 1)
[24-Jun-2022-Shift-1]

Options:
A.16.96Vm '

B.2.25%10 *Vm !



C.8.48Vm

D.6.75x 10°Vm !

Answer: C

Solution:

H=45%x10"
So B = p,uH

Thus E = IEIB (Where n= refractive index)

_ 3x10°x4nx 107" x 1.61 x4.5x 10>

SoE
N1.61 x 6.44

E =848

Questiond6

The electric field in an electromagnetic wave is given by

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

(Given : &, =8.85x 10 *C’N"'m ?)
[25-Jun-2022-Shift-1]

Options:
A.5.65Wm *

B. 4.24Wm °
C.1.9%10 'Wm °

D.56.5Wm >

Answer: B

Solution:



1 2
I = ESOEOC

- %8.5 %10 2% (56.5)% % 3 x 10°

=4.24W,/m>

Questiond7

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 W

_C
n= —
v
\/Ep:n

9
Soe=2=225
4

Question48

If Electric field intensity of a uniform plane electromagnetic wave is
given as E = —301.6 sin(kz — ot) _+ 452.4 sin(kz — ot) Qy V. Then

magnetic intensity ' H' of this wave in Am ' will be:
[Given : Speed of light in vacuum ¢ =3 x 108ms_1, Permeability of



vacuum .p, = 4m % 107 'NA %]
[26-Jun-2022-Shift-1]

Options:

A. +0.8 sin(kz — wt) Qy +0.8sin(kz— ot)a
B. +1.0 x 10 ®sin(kz — ot) Qy +1.5x10 °(kz— ot)a,
C. ~0.8sin(kz ~ wt)a, ~ 1.2 sin(kz — ot)a,

D.—1.0 x 10 ®sin(kz — wt) Qy ~1.5%10 ®sin(kz — ot) QX
Answer: C

Solution:

g . A . A
E =-301.6sin(kz — ot) a +452.4 sin(kz — ot) ay

E, =301.6
E,, =+452.4
y —————————
_ 2 2
EO_ \/EOX +E0y
E. VB 2+E°
Now, =C=>B = = Ox O
0 C C

A A
A A A A (EOXi+E0j)
Also, B=CXE = kX o2

2 2
EOx +E0y
A A
A B TEi
B VE 2+E °
0x Oy

B = S0 Gintkz— ot — = sin(kz - o) o
= - SIN(KZ — ® - SIN(KZ —®
C & °C %

N
H = E
Ho
H = 2% gin(kz— o) . — 2 sin(kz - o) o
=— sin(kz— ot) a, — sin(kz— ot) a
BoC B Ho h

Question49



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

Options:

A <A

. < < .
visible X-ray gamma-ray microwave

B. A

<A <A, <A_
gamma-ray X-ray visible microwave

C. A

. < <Aoan <A
X-ray gamma-ray visible microwave

D. A

, <A ... <A <
microwave visible gamma-ray X-ray

Answer: B

Solution:

Wavelength of microwave is maximum then visible light then X-rays and then gamma rays so the
correct order will be
<A

<Aoo <A
gamma-ray Xray visible microwave

Questions(

List -1 List - 1l

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

(b) | Microwaves (i) | Greenhouse effect

(c) | Infrared rays (i) | 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), (¢)-(i1), (d)-(1)
B. (a)-(iii), (b)-(1), (¢)~(i1), (d)-(iv)



C. (a)-(iv), (b)-(i11), (c)-(i1), (d)-(1)
D. (a)-(iii), (b)-(iv), (¢)-(1), (d)-(i1)
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.

Question51

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 11 : In a material medium, the EM wave travels with

speed v = ﬁ In the light of the above statements, choose the
HoE o

correct answer 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:

In a material medium speed of light is given by v = 1 Sostatement 2 is false.

\/‘C’O‘grl’L 0'”l T




QuestionS2

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:
[ = 3 817 -1
A.Ey=60s1n[ Tx10°(x—3x 10 t)]JVm

A
BZ=2sin[ Tx10°(x—3 x 108t)] KT

A
B.Ey:60sin[ Tx10°(x =3 x 108t)] iVm!

A
B, =2x 10‘7sin[ x 10°(x =3 x 108t)] KT

&3

C.E, =2x 10‘7sin[ T 10°(x—3 % 108t)] iVm!

BZ=6Osin[ Tx10°(x—3 x 108‘[)] kT

D.E, =2x 107sin[ T 10%(x—4x 108t)] iVm!
BZ=60sin[ T 10%(x—4x 108'[)] KT
Answer: B

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.

Questions3



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 x 10 %N —m %, speed

of light in vacuum ¢ =3 x 10°ms ')
[29-Jun-2022-Shift-1]

Answer: 43

Solution:

1 1
I = ESOE 02-c= Eso(cBO)zc

=] = %80C3B02
=022 = %(8.85 %1073 x 10%B,?

=B, =43x10 T

Question54

Light wave travelling in air along x-direction is given by
E v 540 sin 7t x 104(x —ct)V m . Then, the peak value of magnetic

field of wave will be (Given ¢ = 3 x 10°ms )
[25-Jul-2022-Shift-2]

Options:

A.18x 10T
B.54x10 'T
C.54x10 °T

D.18x 10°°T



Answer: A

Solution:

c=3x10m/sec

B= 2= 0 _1gx107T
c 3x10
Question55

The magnetic field of a plane electromagnetic wave is given by :

B =2x10"%sin(0.5 x 10°x + 1.5 x 10"t)J 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.2x10 *Vm ' along z-axis

Answer: C

Solution:

Speed of lightc= —= = =3x10"m/sec

So, E, =B,

=2x10 *x3x10°
=6V/m
Direction will be along z-axis.

Question56



The oscillating magnetic field in a plane electromagnetic wave is
given by By =5x 10 °sin 1000 n(Sx —4 x 108t) T . The amplitude of

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

Options:
A.15%10°Vm*
B.5x 10 °Vm '
C.16x10"Vm™'
D.4x%10°Vm '
Answer: D
Solution:

B,=5x10"°

8
v= Speed of wave = 4x10

W
:8><107[.'. - _]
VT X
_ _ 1
E, = VBB, =40 x 10
—4x10°V/m

Questions7

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. vI=[EVsB]

Questions8

Match List - I with List - 11 :

List | List Il

(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)-(ii1), (b)-(i1), (c)-(1), (d)-(iv)



B. (a)~(i1), (b)-(1), (c)-(ii1), (d)-(iv)
C. (a)-(i), (b)-(iv), (c)-(iid), (d)-()
D. (a)-(iii), (b)-(1), (¢)-(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—1), (c —iii), (d —iv)

a

Question39

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

xx10°' V /m. Value of X i$ .......... (Rounded-off to the nearest

integer) [Take, £, = 8.85 x 10 C*N '"m %, ¢ =3%x10°ms ']

[26 Feb 2021 Shift 1]

Answer: 137

Solution:

Given, power of bulb, P =1000W
Distance d =2m
Efficiency of bulb = 1.25%,

g,=8.854x 10 *C°N 'm ',

c=3x%10*ms™
: _ Power(P) _ 1 _ 2
=~ Intensity, (I) = = —¢g.E
W, )= Areata) 2%
1.25 1000 1 -12
= ==X = =x8.854x10
100 47[(2)2 2

o




S op \/ 125 20
lon  g854x107*x3

=137NC'=137x100'NC ' orVm ™'
v x =137

Question6(

The peak electric field produced by the radiation coming from the

8W bulb at a distance of 10m is |, “70(: % 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
-+ Intensity (1) = % ceE’= _Power (P) ;)

Area (A) =

where, ¢ = = speed of light in vacuum ... (ii)

\/“ogo
and E = electric field
From Eq. (i), we get
_ 1
80 - —
HoC
Put this value of ¢ in Eq. (i), we get
1 1 2_ P 1 LEz _

_ 2x8 _ MOCZZ\/%
\/4x100 r 10 g V/m

X =2




Question61

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 2cm.
[24 Feb 2021 Shift 2]

Answer: 667

Solution:

Given, frequency of wave, f =3GHz =3 x 10°H z
Relative permittivity, ¢ = 2.25
Since, f =C/A
8
-9 = C_3x10
f3x10
), (wavelength of wave in a medium) =1/u and as we know that, pu = \/urgr

=0.1m

As, dielectric is non-magnetic, p_= 1

> p=225=15
= 0l_ 1_
=%, = 75~ 75 = 0.0667m

= 6.67cm = 667 x 10 *cm

Question62



List-l List-ll

A. Source of microwave frequency

1. Radioactive 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:

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 match is A — (2), B— (4), C — (1), D— (3).

Question63

An electromagnetic wave of frequency SGH 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.
[24feb2021shiftl]

Answer: 15

Solution:

Given : Frequency of wave v=5GHz =5x10°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,
1 1 c

V = = =
\/E \/Mruogrgo \/urgr
where c is speed of light is vacuum.

8 7
Y= 334%0 = 30210 m/s=15x10"m/s

Question64

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.E ,B orE B
y y VA V4
B.E ,B orE _,B
Yy X x> Ty
C.E_,B orE B
X VA VA X
D.E_,B orE ,B
X y y X
Answer: C

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)).

Question65

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

Options:

A. 0.6jV/m
A

B. 6.0kV /m
A

C.6.0jV/m

D. 0.6kV /m

Answer: C

Solution:

Given, f=100MHz

A
B=(2.0x 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 10 8x3x10%

=>E =6V/m
A A A A
If n be the direction of E , then i =n Xk
A A
= n:j

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



Question66

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

\/ sE , 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 P
= =U = —Cg¢,E

Area x Time Area avg 2 €t o

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’
= PocE02:> 1= _L
P 2
E \/ P,
@ _ = -
E, P,
Substituting the values in the above equation, we get
E, _1 0 .
3 3
ﬁEl— gEZZ\/ng (EZZE)

x=3

Question67



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

resistivity r = 0.25() — m. Imagine a parallel plate capacitor is
immersed in seawater and is driven by an alternating voltage source
V (t) =V ,sin(2znf t). Then, the conduction current density becomes

10" times the displacement current density after time t = S%Ws. The

value of X iS ceeeeceecenne

47t80

( Take , - =9 x 10°N —mzc‘z)
[17 Mar 2021 Shift 2]

Answer: 6

Solution:

As we know, conduction current,
[ - [v,sin(2nft)]

‘ d
PA
I A[Vosm(ant)]“(i)
C pd

As we know the displacement current equation,
1, = 2 4 Gnnti
4= g dt[V0 sin(2nf't)]

= YA anf)cos(nt ..
[, = ¥ v, (2nf)[cos(2nft)]...(ii)

Divide Eq. (ii) by Eq. (i), we get

I

I_d = gyg, X p2nf cot(2nf't)

Substituting the values in the above equation, we get

I
d L% (80) x 27 x 900(0.25) cot  2(900) L)

T, 4nx9x10° 800
Lo 1
I 10°

Comparing with 10%, we get x = 6.

Question68



A plane electromagnetic wave of frequency SO0M H z is travelling in
vacuum along y-direction. At a particular point in space and time,

B = 8.0 x 10 2T . The value of electric field at this point is (speed of

light =3 x 108ms_1; X, v, 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:

Given, frequency, f =500M H z =5 x 10°H z

A
B=8.0x10"°7T
~ Magnitude of peak value of magnetic field is given by
B,=8x10 °T

We know that,

W|m
(=]

=C
0
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°x8x 10 ° =24V/m
Since, the direction of propagation of electromagnetic wave is perpendicular to the direction of E
and B both.

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.
AA A
=E Xz =y
A A

E =—x
- The value of electric field will be —24xV /m.

Question69



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
Answer: A

Solution:

We know that,

1
U= 38E (1)
where, U = average energy density due to electric field,

g, = electrical permittivity of free space

and E = electric field.

andU_= 2 ...(2)

2y,
where, U = average energy density due to magnetic field, u, = magnetic permeability of free
space

and B = magnetic field.

Also, E =CB (-.-c= 1 )

\/“080
B
= E =
"Ho&
Put this value in Eq. (1), we get
U_= lsox 1 B’
e 2 1€y
2
=>U = B
(S 2”0

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

Question70



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.433%x10'm/s
B.2.33x10'm/s
C.3.33x10'm/s

D.533%x10'm/s
Answer: C
Solution:

v=_¢
Ve,

=333%x10'm/s

Question71

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

(g, = 8.85x 10 °C’N 'm )
[22 Jul 2021 Shift 2]

Options:
A.2.77%10 °T
B.1.96x 10°°T
C.8.31T

D. 5.88T



Answer: A

Solution:

Question72

In an electromagnetic wave the electric field vector and magnetic
field vector are given as E =E  iand B = Boﬁ respectively. The

direction of propagation of electromagnetic wave is along:
[20 Jul 2021 Shift 2]

Options:

A. (&)

Answer: D

Solution:

Direction of propagation = E x E) =

Question73



A light beam is described by

E = 800 sin ( ot — ’C‘ ) . An electron is allowed to move normal to the

propagation of light beam with a speed 3 x 10'ms '. What is the

maximum magnetic force exerted on the electron?
[26 Aug 2021 Shift 2]

Options:

A.128x10 "N
B.1.28x 10 '°N
C.12.8x 107N

D.12.8x10 ®N

Answer: 0

Solution:

Equation for light beam is given as
E = 800 si ( t—i)
S| ® 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 = T
* 3x10°
Maximum magnetic force exerted on electron will be
F _=evB
max 0
=(16x10 %) x 3x 10" x 2% (Given, v=3x10'ms )
3x10

F_ =128x10 ¥ Nor1.28x10 "

m

Question74



The magnetic field vector of an electromagnetic wave is given by

A

B= Bo%i cos(kz — ot) T where ?, i represents unit vector along X

and Y-axis respectively. At t = 0, two electric charges q,of 47C and

q, of 27t C located at (0, 0, g) and (0, 0, 3—1f) respectively, have the

same velocity of 0.5¢i.
(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:

A2\7: 1

B.1:2

C.2:1

D.\/E:l

Answer: C

Solution:

'he equation of magnetic field vector of an electromagnetic field is
B= —0(/'\+/’\) (k t) T
COS(KZ—®
N2 ak

Electric charges
a, atP(0,0,% ) =4nC

3T\ _
qzatQ(0,0,?) —2nC

Att=0 and P(O, 0%) wherez=g
Magnetic field vector,

B./A A
B=T§(i+j)cos(k£—0)T

B, ./~ A B./A A
=2i+j)cosnT=—"21i+j)T

Bofief) Bofi )
andatt=0and Q (0, 0, % ) where z = % Magnetic field vector,

B./A A
BZ\/—_S(iJrj)cos(k%—O)



BO AA .
—@(1 +] )T [+ Using cos 11 = cos 31 = - 1]
Velocity of charges q, and q,, v= O.Sc?
We know that, force on charge in magnetic field is given by F = q(v x B)

A Bo(’.\ 3
Forql,F1=47t[0.SC1X {—\/—5 1t] } ]N

chBoﬁ
>

Similarly, for q,

:Fzzzn[o.sﬁx {—3—%(%3)} ]N

=>F, = nCB°1A<N
2 5

Hence, ratio of magnitudes of F, to F,

Question75

The electric field in an electromagnetic wave is given by

E = (SONC_I) sin ® (t - ) .The energy contained in a cylinder of

C

volume V is 5.5 x 10" '2J. The value of V is .......... cm°.

(Given g, = 8.85x 10" *C*N 'm ).
[31 Aug 2021 Shift 1]

Answer: 500

Solution:

Given, electric field in electromagnetic wave,

E=50sinw(t—§)
C

Energy contained in cylinder,



U=55x10"J

Let, volume =V

and permittivity in free space,
g,=8.85x10 "N'C’m?

As we know that,

Energy(U) _ lg g2

Volume(V) 27070
vo 2U __2x55x10"
” 2 ~12 2
g,E,0  8.854x 10 2 x (50)
= _497x107*
8.854 x 50
=497 % 10 ® = 500cm’

Question76

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
=30x10°Hz

Electric field, E =6V /m

Magnetic field, B=x x 10 °T

Speed of light in air, ¢ =3 x 10*ms '

We know that, B = %
=>B= 6 <

3x10
S>B=2x10°T

aXx=2




Question77

Electric field in a plane electromagnetic wave is given by
E = 505sin(500x — 10 x 10'’t) V/m.
The velocity of electromagnetic wave in this medium is

(Given, ¢ = speed of light in vacuum)
[27 Aug 2021 Shift 1]

Options:

A.

B.c

D.

Nl

Answer: C

Solution:

Given, equation of electromagnetic wave,

E = 50sin(500x — 10 x 10'%) V/m

The standard equation of electromagnetic wave,
E =E;sin(kx — wt) V/m

Comparing with standard equation, we get
E,=50V/m, 0= 10" rads™', k =500radm !
Speed of wave in medium will be

= Zx3x10%m/s

Question78



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

’ (%)x— (1.5 x 10" xt) ] Yj
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 is %09' 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
(O.SXmIO)X_( 11 rad )]V4

E =200 cos I5X107 —xt) | =]
] m

« Ey=200V/m

Intensity provided by electric field is given by
_1 2
1 = ESOEO C
The radiation pressure exerted by electromagnetic wave on surfaceis given by
1 2
B 2 x ESOEO C B

P=2=_ 2 —¢E,

2

_ 2
P= SOEO

=8.85x 107'% x (200)*
= ﬁ
10°
According to question,
X _ 354

10° 10°
- x =354

Question79

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

1
C.3

D.3

Answer: A
Solution:

Given, electric field,

E =20 cos(2 x 10'°t—200x) V/m
Comparing with the standard equation,
E =E,cos(ot—kx) V/m, we get

Wave constant, k = 200

Angular frequency, o =2 x 10"rad/s

Speed of the wave, v = X 200 10°m/'s
Refractive index, u= C_ 3X—108 =3
Vo0
As we know the relation between the refractive index and dielectricconstant,
b= Ve,
Substituting the value in the above equations, we get
3=1g (1)
€.=9

Thus, the dielectric constant of the medium is 9.

Question§80

The electric fields of two plane electromagnetic plane waves in
vacuum are given by

—> N

E, =E i cos(ot—kx) and Ez =E OIA‘ cos(ot —ky).

At t = 0, a particle of charge q is at origin with a velocity v = 0.8cf( C
is the speed of light in vacuum). The instantaneous force experienced



by the particle is:
[9 Jan 2020, I]

Options:

A.E,ql0.81 ] +0.4k)
B.E ,q(0.4i -3} +0.8%)
C.E,q-0.8 +]+k)

D. E ql0.87+7+02k)
Answer: D

Solution:

. —> AN
Given: E | = E j cos(ot —kx)

—_ —
i.e., Travelling in + ve x -direction E x B should be in x direction

—)_ . AN
~BiIsin K
— EO A EO
~B,= Fcos(oat—kx)k ('.'B0= F)
AN
g

N
ok cos(wt —ky)

0/\
= —1 cos(ot —ky)

~ Travelling in + ve y -axis
—) —) 0 .
E x B should be in y -axis

_)
~ Net force F=qg+q(7 X B )



— — A A A
q(E 1+E2)+q(0'8CJ % (B1+B2)
ft=0andx=y=0
— A — A
EIZEOj’ EZZEOk
— EO/\ — EO/-\

C C

=qE0(3\+k)+0.8qu(i—k)

—qE,(0.87+7 +02k)

Question81

AN AN

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, I1]
Options:

A. BOT‘l cos ( oot—kiT%l )

C. Bkcos(oat k%l)

D.Boﬁcos(wt k\/g)
Answer: A

Solution:



Direction of polarisation :ﬁ =12
Direction of propagation ﬁxﬁ ?JFJA
i | jon = =
propag NG
/\ .
BUE.B =0.B=1_
' 2
Question82

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 =5x 10 %iT . The
corresponding electric field E is (speed of light ¢ = 3 x 108ms_1)
[8 Jan 2020, II]

Options:

A. 1.66 x 1071V /m
B.—1.66x 10 "%V /m
C.—15iV /m

D. 15iV /m

Answer: D

Solution:

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

E _

—=c

B

=>E =Bc

=E =5x10 °x3x10° =15N /C

—

SE =151V /m

Question83



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

B =3x10 *sin(1.6 x 10°x +48 x 10'%)i T, then what will be
expression for electric field?
[7 Jan 2020, I]

Options:

A E = (60sin(1.6 x 10°x + 48 x 10"%) k v./m
B.E = (9sin(1.6 x 10°x +48 x 10" kv/m]

C.E =(3x10%sin(1.6x 10’ +48 x 10"°) kv/m

D.E = (-3 x 10 ¥ sin(1.6 x 10°x +48 x 10"’k v/m
Answer: B

Solution:

: g -8 3 10, %
Given, B =3x10 "sin(1.6x10°x +48 x 10 "t)jt
Using, E ,=B,xC=3x10"x3x10°=9V /m

P . 3 10, 7
= Electric field E =9sin(1.6 x 10°x +48 x 10 "t) k V /m

Question84

The electric field of a plane electromagnetic wave is given by

E=FE 0%1 cos(kz + mt)

At t =0, a positively charged particle is at the point

xX,y,2)= (0, 0, %) . If its instantaneous velocity at (t = 0) is V01A<, the
force acting on it due to the wave is:

[7 Jan 2020, II]

Options:

A N

A. parallel to %l



B. zero

AN AN

C. antiparallel to %l

D. parallel to k

Answer: C

Solution:

A A
Force due to electric field will be in the direction L\/J—)
Force due to magnetic field is in direction

q(7 X E)) and V | I) Therefore, it is parallel to E)

=>E)net = FE +F  is antiparallel to 4 \/_
Question85

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

B(x, ) =[1.2x 107" sin( 0.5 x 10°x +1.5 x 10""¢)k| T
The instantaneous electric field E corresponding to B is: ( speed of

light c =3 x 10°ms ™)
[Sep. 06, 2020 (II)]

Options:

A. E(X t)y=[— 36sm(05><10 x+1.5x10" t)J]%

B. E(x, )= [36sin(1x 10% +0.5x 10"") ] ¥



C. E(x, 1) =[36sin(0.5x 10°x +1.5 x 10''t) k] %

D. E(x, t) = [36sin(1 % 10°x +0.5 x 10''t) 7] v
Answer: A

Solution:

Relation between electric field E , and magnetic field B, of an electromagnetic wave is given by
E
c= B—O ( Here ,c = Speed of light )
0

s =By xc=12x10"x3x10°=36
As the wave is propagating along x -direction, magnetic field is along z -direction

A AN AN
and (E X B) Il C
~E should be along y -direction.

. . —) . —)
So, electric field E =E jsinE . (x, t)

=>E

— [-365in(0.5x 10°x +1.5 x10"') j] L
m

Question86

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(1.5x 10't—5x 10 *x) V /m. The
maximum magnetic force experienced by the electron will be :

(given ¢ = 3 x 10°ms '& electron charge = 1.6 x 10 °C)
[Sep. 05,2020 ()]

Options:

A.32x10 N
B.2.4x10 °N
C.48x10 N

D.1.6x10 "N



Answer: C

Solution:

E
In electromagnetic wave, B C

0
E
~ Maximum value of magnetic field, B, = FO

_ qVE
F max - qV Bma

(GivenV =0.1Cand E ,=30)

_1.6x10 ¥ x0.1x3x10%x30
3% 10°

8in90° =

—48x10 °N

Question87

The electric field of a plane electromagnetic wave is given by

—

E=E  (+9) sin(kz - oot)
Its magnetic field will be given by:

[Sep. 04,2020 (1I)]

Options:
E A A .

A. TO (—%+79) sin(kz — ot)
Egin, AY .

B. To(x +3$) sin(kz — ot)
Eorn Ay .

C. TO(X —3) sin(kz — ot)
E AN AN

D. 70 (x—9) cos(kz — wt)

Answer: A

Solution:

E =E, (% +9) sin(kz— ot)

Direction of propagation of em wave = +§



A N

Unit vector in the direction of electric field, ﬁ = %l

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

kK=E xB

-k (ﬁ) B=b8=—F
- EO ACOAY

B = ?(—ery) sin(kz — ot)
Question88

The magnetic field of a plane electromagnetic wave is
B =3x10 ®sin[200m(y + ct)] i T
where ¢ =3 x 10°ms ™" is the speed of light. The corresponding

electric field is :
[Sep. 03,2020 (I)]

Options:

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

B. E =—10 °sin[200x(y + ct)]kV /m
C.E =3 x 10 *sin[200n(y + ct)] k V /m

D. E =—9sin[200n(y + ct)] k V /m
Answer: D

Solution:

: g -8 . A

(d) Given: B =3 x 10 "sin[200n(y +ct)] i T
~B,=3x10"°
E,=CB,=E,=3x10°x3x10 °=9V /m
Directiono fwave propagation

- — —
(ExB)IC
AN N A AN AN A
B=iandC=-j ~E =—k

—> . N
~E =E sin[200m(y + ct)] (—k) V/m

— . A
or, E =-9sin[200n(y + ct)] kK V /m



Question89

The electric field of a plane electromagnetic wave propagating along
the x direction in vacuum is E = E 03 cos(ot — kx). The magnetic field

—

B, at the moment t = 0 is:
[Sep. 03,2020 (II)]

Options:

B.B=E 0\/}1080 cos(kx)?

C.B=E 0\/u080 cos(kx)lz

D. B =0 cos(kx)?
\/“080

Answer: C

Solution:

Relation between electric field and magnetic field for an electromagnetic wave in vacuum is

E
_ 0
B, = —~
In free space, its speed ¢ = ——
\/“080
Here, p, = absolute permeability, ¢, = absolute permittivity

As the electromagnetic wave is propagating along x direction and electric field is along y direction.
ﬁ X ]3 Il (AI (Here, é: direction of propagation of wave)

E should be in 1A<direction.

~B=E 0\/@ cos(mt — kx) l/;

Att=0

B=E om cos(kx)l/;




Question90

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

magnetic field of the wave is close to ( ﬁ =9 x 1091\1(;12 and speed of
0

light =3 x10°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 =12 x 1, % Energy density

mu0=+=4n>< 1077
CSO

SB=12x4nx 10 x1.02x10° =160x107°
=160nT

Question91

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

magnetic field are represented by kand 2i —2j respectively. What is

the unit vector along direction of propagation of the wave.
[Sep. 02, 2020 (II)]

Options:



c.%(hz?)
D.%(ﬁﬁ)

Answer: A

Solution:

Electromagnetic wave will propagate perpendicular to the direction of Electric and Magnetic fields

AN N

A
C=E xXB

. A . . N A . — N —> A\ AN
Here unit vector C is perpendicular to both E and B Given, E =k, B =2i —2j

CZEXB=Fl0 0 1| =/
1 -1 0

A_iti

B

Question92

TOPIC 2 - Electromagnetic Spectrum
The correct match between the entries in column I and column I1



are .

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

(C)AM. radio waves | {iii) 107" m

(D) X-rays (iv) 10 m

[Sep. 05, 2020 (II)]

Options:

A. (A)-(i1), (B)-(1), (C)-(iv), (D)-(ii1)
B. (A)-(1), (B)-(ii1), (C)~(iv), (D)-(i1)
C. (A)-(ii1), (B)-(i1), (C)-(1), (D)-(iv)
D. (A)-(1v), (B)-(i1), (C)-(1), (D)-(ii1)
Answer: D

Solution:

Energy sequence of radiations is
E >E

v— Rays X-Rays >E microwave >E AM Radiowaves
7Ly—Rays < XX -Rays < 7Lmicrowave <>\‘AM Radiowaves
From the above sequence, we have
(a) Microwave —10 "m (iv)

(b) Gamma Rays — 10" "°m (i)
(c) AM Radio wave —100m (i)
(d) X-Rays — 10 "’m (jii)

Question93

Chosse the correct option relating wavelengths of different parts of
electromagnetic wave spectrum :



[Sep. 04, 2020 (I)]
Options:

<A

. < . <\
micro waves radio waves X -rays

Ak

visible

>\

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

B. A

C. A

. . <A ..
* X -rays < micro waves > radio waves 7LV1s1ble
L > > . >A .
visible }LX -rays }Lradlo waves micro waves
Answer: B

Solution:

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

. . L >
radio waves = Xmlcro waves = )\'v151ble }LX -rays

Question94

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

10°W /m®. The rms value of the corresponding magnetic field is

closest to :
[12 Jan 2019, II]

Options:
AT

B. 10°T
C.10°T

D.10°*T

Answer: D

Solution:



_ \/ 10°x4nx 10"’
3% 10°
~6x10 T
Which is closest to 10~

Question95

An electromagnetic wave of intensity SOW m ~ 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, I]

Options:

1 1
A )
B. (Vn, Vn)

C. (Vn

1
9 \/H

D. (L vq
n

Answer: C

Solution:

The speed of electromagnetic wave in free space is given by
C=




In medium, v=——1__ .. (ii)

Nk €

oMo

Dividing equation (i) by (ii), we get
% ~Vk=n
% €, EOZC = intensity :% €, kE %y
~E,JC=KE’v

E’ > B, -~
o0 KV o L Pe_ o

g2 C n E
similarly

2
2u, 2y, B n
Question96

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 "% SI units, Speed of light

¢c=3x10°m/s]
[11 Jan 2019, I1]

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

Answer: D

Solution:

EM wave intensity
Power _ 1 2
= =-¢€,E
Arca 2 0°0°¢
[where E ;= maximum electric field ]

=]




_27x10°
10x10°°
=E,=V2x10°kV /m = 1.4kV /m

2x9x1072xE 2 x3 % 10°

Question97

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

=3x10°m/s)

B=100x10°sin |27 x2 ><1015(t—§)]

then the maximum electric field associated with it is:
[10 Jan. 2019 1]

Options:

A.6x10°N /C
B.3x10"N /C
C.4x10"N /C

D.4.510°~N /C

Answer: B

Solution:

Using, formula E , =B, x C

=100x 10 °x3x10®

=3x10*N /C
Here we assumed that

B, =100x 10 ®is in tesla (T) units

Question98

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



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

The magnetic field E(X, zZ, t) is given by: (¢ is the velocity of light)
[10 Jan 2019, II]

Options:

A. %(612 + 8?) cos[(6x — 8z + 10ct)]

B. L(6k —8%) cos[(6x + 8z — 10ct)]

O |—

C. L6k +8) cos[(6x -+ 82— 10ct)]

D. 16k - 81 cos[(6x + 82+ 10ct)]

Answer: B

Solution:

E = 103'\c0s[(6/i\+812) . (X/i\+Zl/;)]

=103\COS[E._I‘)]
N

~K = 6? + 812 ; direction of waves travel
i. e. direction of 'c'

E(10])
.

N

\ 3i+dk .
=C

5
Ao 4743k
CXE = 15
- E :&
B=C~¢




. e - 1
or, magnetic field B (x, z, t) = c

VAN VAN
(6k — 87 ) cos(6x + 8z — 10ct)

Question99

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

— A

E . =E  Xcos [ 2nv (f - t) ‘ in air andg2 =E % 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 permittivities of air and medium respectively, which of the

following options is correct?
[9 Jan 2019, I]

Options:
er
A.— =4
€,
EI'
B.—/=2
er2
€
n_1
C. g 1
€
ol
D. E_rz 5
Answer: C
Solution:

. L 1
Velocity of EM wave is given by v=—

y g y Ve
Velocity in air = % =C
um

Velocity in medi %



Here, u, = n, = 1 as medium is non-magnetic

L
. \/Erl

I |
L (C € 4
B
Question100

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:

U

AU, =

B.UE >UB
C.Ug <Usp
D.UE =UB
Answer: D

Solution:

Average energy density of magnetic field,
B,
u = —_—
B 4“0
Average energy density of electric field,
2
_&E,
E 4
Now, E , = CB,, and c’= L
Ho€o

u

os,
)

1
Koo

€
u, = OXC2B2=ZO>< xB,” =—L=u

u

B

N
(=)

Since energy density of electric and magnetic field is same, so energy associated with equal
volume will be equal i.e. u, =u,




Question101

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, 1]

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

Solution:

Optical Fibre Communication - Infrared Light
Radar-Radio Waves

Sonar-Ultrasound

Mobile Phones - Microwaves

Question102

An electromagnetic wave is represented by the electric field
E=F oﬁ sin[ot + (6y — 8z)]. Taking unit vectors inx, y and z

directions to be ?, ?, 1A<, the direction of propogation s is :
[12 April 2019, 1]



A §= 1_51
A A
B /S\: —4k+3]'

A 3]-3
ST 73

O

Answer: C
Solution:
A A VAN A
6j +8k _ —3j+4k

- _
162 +82 5

Question103

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(0.5% 10’z +1.5x 10"t) i
B. B =2x10"sin(0.5x 10’2 -1.5x 10''t) i
C. B =60sin(0.5 x 10°x + 1.5 x10''t)

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



Answer: B

Solution:

Ey_ 60

B =-29
O C 3x10°
=20x10°T =2x10°'T
9
_o_2xf _2rx239x10° _ 5,
v v 3% 108
Therefore, B = B, sin(kz — o)

=210 'sin(0.5% 10°z —1.5x 10"t) i

Question104

The electric field of a plane electromagnetic wave is given by
E=E 0? cos(kz) cos(mt)

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

Options:
— EO

A.B = < cos(kz) cos(mt)
— EO

B.B=_ls sin(kz) cos(mt)
— EO

C.B = <ic cos(kz) sin(mt)
— E A 0

D. B = < S sin(kz) cos(mt)

Answer: A

Solution:

By

0
E
=B, =



] — —
Given that E =E ;cos(kz) cos(wt) i

— E A A
E = 70 [cos(kz —ot) 1 —cos(kz+ wt) i ]
Correspondingly

B
To[cos(kz (Dt)_] —cos(kz + ot) j ]

_)
B =
_)
B = x2sinkzsinwot
Ey
C

A
smkzsm(ot)J

Question105

Light is incident normally on a completely absorbing surface with

an energy flux of 25W cm 2 If the surface has an area of 250m2, the

momentum transferred to the surface in 40 min time duration will
be:
[10 April 2019, II]

Options:

A.63%x10 *Ns
B.1.4x10 °Ns
C.5.0x10 N

D.3.5%x10 °N

Answer: C

Solution:

I
Pressure, P = —
C

N
A
=>F =

ol ol
>

:_p
At
I
=>Ap = —AAt
P=C
_(25%25)x10* x 10 * x40 x 60

N_
3% 108




=5%x10°N —s

Question106

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

Where B,=3x10°T and B, =2 x 10" °T
The rms value of the force experienced by a stationary charge

Q= 107*C at z = 0 is closest to:
[9 April 2019 I]

Options:
A.0.6 N
B.0.IN
C.09N
D.3x10°N

Answer: A

Solution:

B,= {B,2+B,>=130°+2> x10® =30x 10 °T
~E,=CB=3x10°x30x10"°

9% 10°V /m
0

s A

x 10°V /m

“o_9
v, \2
Force on the charge,
9 3 —4
F=EQ=-—=-x10"x10 " =0.64N
"%

Question107

A plane electromagnetic wave of frequency S0 MHz travels in free
space along the positive x - direction. At a particular point in space



and time, E =6.3iV /m. The corresponding magnetic field g’, at that

point will be:
[9 April 2019 1]

Options:
A.18.9x 10 kT
B.2.1x 10 T
C.63x 10 T

D. 18.9 x 10%T

Answer: B

Solution:

As we know,

Question108

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. 15x10°°N

B.20x 10 °N



C.10x 10 °N
D.35x 10 °N
Answer: B

Solution:

A
F=(1+r)-2
(1+1)°5

_(1+0.25)x50x 1
3% 108
~20% 10 °N

Question109

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 =6V m along y -direction. Its

corresponding magnetic field component, B would be:
[8 April 2019 I

Options:

A.2x10 T along z -direction
B. 6 x 10 °T along x -direction
C.6x10 °T along z -direction

D.2x 10 °T along y -direction

Answer: A

Solution:

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

Propagation direction =1§ X l%



—_—>

o>

A
:j X
A

B:
~ The

[
37\7‘>

agnetic field component will be along z direction.

Question110

The magnetic field of an electromagnetic wave is given by:
B =1.6x10cos(2 x 102+ 6 x 10'%¢) (21 +7) e

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

Options:

A.E =48x10%cos(2x 10726 x 10"t (21 +7) >

B.E =4.8x10%cos(2 x 1072 —6 x 10"°t)(=2] +1)

3| <

C.E =48x10%cos(2 x 1072 +6 x 10°%t)(~1+2])

3| <

D.E =4.8x10>cos(2 x 10’z +6 x 10%t) (i - 2j) -
Answer: C

Solution:

E,=cB,=3x10°x1.6x10° =4.8x10°V /m

— - —
Also S = E x B

— — A A
or-K = E ><(2i+j)

—_—> A A
Therefore direction of E — (—i +2j )

Question111

A plane electromagnetic wave of wavelength 1 has an intensity 1. 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:
= I [ 21 1% % _1lpe
E = 1 Ly — - B =1Fk
A. o.C cos | 7 (y ct)_ i CE
| 2n N g%
E = — =y — k: B=—=
B 5,C cos | > (y—ct) | k CE i
21 2n N g%
E = 4] 2L Ty — k: B =+~
C 5,C cos | > (y—ct) | k CE i
21 [ 2n 1 g%
E = 4 = iy + k:B=-
D. o.C cos | 7 (y tct) | CE i
Answer: C
Solution:

If E , is magnitude of electric field then
1 2 20
—gE°xC=1=2E, = 4 =
2% 0 Ce,

E
_ 0
Eom T

. . b d g . N
Direction of E x B will be along +j

Question112

A monochromatic beam of light has a frequencyv = 2—3n x 10'*H z and

is propagating along the direction %l It is polarized along the k

direction. The acceptable form for the magnetic field is:
[Online April 15, 2018]

Options:

A.



k%(lT__l) cos [ 104(%_1) T -(Gx 10‘2)1;]

[\
[\

B.

>

™

(1—_1) 005[104(i—_j—) .?—(3x10”)t]

Cc\ V2 2

a

_ AA
Eokcos[104<%l) T -(3x 1012)1;]

D.

E (A A A) A+4
et (g) 7o

Answer: C

Solution:

ﬁ x IAB should give the direction of wave propagation

SETES IO G5 I EE I
=K xB = = K X = =—
1% BT W'l
Option (a), option (b) and option (d) does not satisfy.

AN AN

Wave propagation vector 12 should along %1

Question113

The electric field component of a monochromatic radiation is given
by E =2F 0? cos kz cos o tIts magnetic field B is then given by :

[Online April 9, 2017 |
Options:

2E .~ .
A. Toj sinkzcosmt



2E A

B. —Toj sinkzcosmt

2E A~ .
C. Toj sinkzcosmt

2E A
D. TOJ coskzcosmt

Answer: C

Solution:

Given, Electric field component of monochromatic radiation, (E)) =2E O? coskzcosmt

We know that, dE _ _dB

dz dt
dE _ . __dB
e 2Eoksmkzcosmt dr

dB=+2E ksinkzcosotdt .....(i)

Integrating eq" (i), we have
B =+2E 0ksinszcoscotdt
Magnetic field is given by,
=+2E Ok sinkzsin ot

®
We also know that,

0
Magnetic field vector,

— 2E0/\ )
B = ——jsinkzcosot
c

Question114

Magnetic field in a plane electromagnetic wave is given by
B = B, sin(kx + ot) iT Expression for corresponding electric field

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

Options:

A E = B,csin(kx + cot)lA<V /m

B A
¢sin(kx + ot)kV /m

ﬁ
B.E:_
C



C.E =—B,csin(kx+ot)kV /m

D.E = B ¢ sin(kx — (ot)ﬁV /m
Answer: A

Solution:

sl

0

Speed of EM wave in force space (c) = 5
0

— A
or E =cBsin(kx +ot) k

Question115

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 = \/—EBZ(X, )y

B. For an electromagnetic wave propagating in +y direction the electric field is

E = \/_E (X, t)y and the magnetic field is B = TB (X, t)z

C. For an electromagnetic wave propagating in +x direction the electric field is
E = \I_I_E Ay, 2, ) ($+2) and the magnetic field is

B

_ 1
- Tszz(Ya Z, t)(y + Z)

D. For an electromagnetic wave propagating in +x direction the electric field is

E = \/_ yz(x t)( —z) and the magnetic field is B = \/l_B (X, t)(y-l-z)

Answer: D

Solution:



Wave in X-direction means E and B should be function of x and t
A A A A
y—zlytz

Question116

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,A,C
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)

Question117

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:

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

Question118

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. (25 +37) and (1+2])
B. (—21-3]) and (31 -2])
C. (1+2]) and (21 -7)

D. (3% +4}) and (47 -37)

Answer: B

Solution:

- —

— —
Aswe know, E . B =0+ |E L B

—> —> ) .
and E x B should be along Z direction

/\A A\ AN A\
As (-2 -3j) x (37 -2]) = 5k
Hence option (b) is the correct answer.



Question119

An electromagnetic wave travelling in the x -direction has frequency

of 2 x 10'*H z and electric field amplitude of 27 V m . From the
options given below, which one describes the magnetic field for this

wave ?
[Online April 10,2015]

Options:

A. B(x, t)= (3 x 10 °T)j sin[2n(1.5 x 10 *x =2 x 10"%)
B. B(x, ) = (9 10 °T)i sin[ 27(1.5 x 10 *x —2 x 10™)
C. B(x,t)=(9x 10°°T)j sin[ (1.5 x 10 *x—2 x 10"*)
D. B(x, t) = (9 x 10 °T )k sin[ 2r(1.5 x 10 ®x — 2 x 10"%)
Answer: D

Solution:

As we know,

B =—0=_2/ —-9x10%tesla

Oscillation of B can be only along j or k direction. o = 2af =21 x 2 x 10'*H z
2B, 1) = (9% 10T )k sin[2n(1.5 x 10 5% —2 x 10*1)]

Question120

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:

_ 1
EO—CBOandC— —

\/“030

Electric energy density = %SOE 02 =l

2
Magnetic energy density = %11—0 =u

0

B

Thus, pp = py
Energy is equally divided between electric and magnetic field

Question121

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/m
D. 5.36 V/im

Answer: B

Solution:



Wavelength of monochromatic green light = 5.5 x 10 ’cm
Intensity I = LoWwer
rea

_100x(3/100) _ 3 W m 2

47(5) 100m
Now, half of this intensity (I) belongs to electric field and half of that to magnetic field, therefore,
I _1

_ 2
§_ZSOEOC

20

SOC

3
2 (157
“{Too™

(%)XBXIOS)
4% 9% 10

= i =
- \/25><30 V72

~E,=2.68V /m

OrE0=

Question122

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

g, = 8.8 % 10 *C*/N - mz, then average energy density of electric

field will be:
[Online April 11,2014

Options:

A.352%x10 T /m’
B.352x10 'y /m’
C.352x10 ) /m’

D.352x10 %) /m’

Answer: C

Solution:

Given: Amplitude of electric field,
E,=4v/m



Absolute permitivity, £, = 8.8 x 10 %c*/N - m?

Average energy density u, =?
Applying formula,
Average energy density u, = %SOE 2

Sug = X 881077 x (47

=352x10""%J /m’

Question123

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 (ii) 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-(0)
B. 1-(i), 2-(ii), 3-(iv), 4~(iii)
C. 1-(iii), 2-(ii), 3-(i), 4-(iv)
D. 1-(i), 2-(ii), 3-(iii), 4-(iv)
Answer: D

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.

Question124

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 RMLV U Xand G
B.M,R,V, X, U, Gand I
C.G,X,U,V,I,Mand R
D.L M,R,U,V, Xand G

Answer: C

Solution:

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

Question125

Match the List-I (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| Listll

| Doublet of sodium A) Visible radiation

I Wavelength corresponding to temperature associated with the isotropic radiation filling all (B) Microwave
space

lll| Wavelength emitted by atomic hydrogen in interstellar space (C) f:voert radio

IV | Wavelength of radiation arising from two close energy levels in hydrogen (D} | X-rays

[Online April 11, 2014]

Options:

A. (D-(A), (D-(B), (ID)-(B), (IV)-(C)
B. (D-(A), (ID-(B), (IID~(C), AV)-(C)

C. (D-(D), (ID-(C), AI)-(A), (IV)-(B)

D. ()-(B), (ID-(A), (ID)-(D), AV)-(A)

Answer: D

Solution:

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

Question126

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

Listl Listll

(1) | 700 nmto 1 mm

Vibration of atoms and molecules.

(2) | 1 nmto400nm

Inner shell electrons in atoms moving from one energy level to a lower level.

(3)| =107 nm

Radiocactive decay of the nucleus.

4] 1Tmmto0.1m

(iv)

Magnetron valve.

[Online April 9, 2014]



Options:
A. (1)-(1v), (2)-(111), (3)-(i1), (4)-(1)
B. (1)-(iii), (2)-(iv), (3)-(1), (4)-(i1)
C. ()-(ii), (2)-(ii), (3)-(iv), (4)-(1)
D. (1)-(1), (2)-(i1), (3)-(1i1), (4)-(1v)
Answer: D

Solution:

Vibration of atoms and molecules 700nm to Imm

Radioactive decay of the nucleus <10nm
Magnetron valve Imm to 0.1m

Question127

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 =20x10 T
(- velocity of light in vacuum C =3 x 10°ms™")

- - —

E,=B,xC



£, =|B||C] =20x107x3x10°
=6V /m

Question128

A plane electromagnetic wave in a non-magnetic dielectric medium
is given by E = 30(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.82
D. 4.8

Answer: B

Question129

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:

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.

Question130

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:

E=DCo-he

7 E
6.6x10*x3x10%
11X 1000% 1.6% 107"
=124 A

>A=

Increasing order of frequency_

X-rays u-vrays visible Infrared

wavelength range of visible region is 4000A to 7800A.

Question131



An electromagnetic wave in vacuum has the electric and magnetic

field £ and 3, which are always perpendicular to each other. The
direction of polarization is given by vec X and that of wave

propagation by ¥. Then
[2012]

Options:

l
!

- - —
A.X || Band k || BXE

l
l

- - —
B.X ||E and k || E x B

- - —
k

C.X || B and

™)
X
w|

[

— — — — —
D.X||E and k || B XE
Answer: B

Solution:

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

We
— — — —
k isLH and k isalso 1L to E

The direction of wave propagation is parallel to E X E)
The direction of polarization is parallel to electric field.

Question132

An electromagnetic wave with frequency ® and wavelength A 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:



= _ 2n_\ A
A E = Eocos(cotJrTy) X

o _ _ 2= A
B.E —Eocos(wt 7y) X

— o) A
C.E =E0cos((ot—7”y) Z

—

D. E =—Eocos(c0t—27”y) z
Answer: C

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

A

= _ 2n
E —Eocos(mt—Ty) Z

Question133

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:



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

~a<b;b>c

Question134

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:

Frequency remains unchanged during refraction Velocity of EM wave in vacuum
Vvacuum - \/1— =C
Ho€o
=L _c
kmed _ Vined _ c/2 _ l
v c 2
vacuum vacuum

~ Wavelength is halved and frequency remains unchanged

Question135

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.




