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CHAPTER - A

ELECTROMAGNETIC WAVES

DatePlanned: _ /__ /__ Daily Tutorial Sheet - 1 Expected Duration : 90 Min
Actual Date of Attempt: __ /__ /__ Level - 1 Exact Duration :
1. The magnetic field of an EM wave is given by: B=60 sin(n x 103x + 3n x lollt) lAc (all quantities are in SI
units). The wavelength of the wave is:
(Aa) 2 km (B) 2m
© 2 mm (D) 2 um
2. The transverse nature of electromagnetic waves is evident from:
(A) polarization (B) interference (C) reflection (D) diffraction
3. The relative permitivity and relative permeability of a medium are ¢. and p, respectively. The refractive
index of the medium is:
1 €,
A) (B) [T ©) — (D) B,
Hrér K
4. The refractive index and dielectric constant of a medium are 1.5 and 1.8 respectively. The relative
permeability of the medium is:
(Aa) 3 (B) 2.7
© 1.67 (D) 1.25
5. The electric field of an electromagnetic wave is given by: E = Eq sin(ot — kz) i. The magnetic field of the
same wave is:
- k - - I -
(A) B=E, [—] sin(ot —kz) i (B) B=E, [—] sin(ot — kz) j
® ®
- ® - _ ® -
(©) B=E, [E] sin(ot —kz) i (D) B=E, [E] sin(ot — kz) j
6. An electromagnetic wave is travelling towards the +X direction. At a particular point, the magnetic field of
the wave points in the -Y direction. Then, at the same point, the electric field of the wave points in:
(A) the +X direction (B) the —-X direction
(C) the +Z direction (D) the -Z direction
7. An electromagnetic wave is generated due to oscillation of a charged particle with a frequecny 10° Hz.
The wavelength of this electromagnetic wave in vaccum is:
(Aa) 3 m (B) 30 cm
(&) 3 cm (D) 3 mm
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8. The rms value of the intensity of the magnetic field of an EM wave propagating in a medium of relative
electric permittivity 1.44 and relative magnetic permeability 1 is 1 uT . The intensity of the EM wave

(inw/ m? ) is:

(Permeability of vacuum, pg = 47 x 107"m kg s2A72)
250 625
) (B)
n n
2500 5000
© (D)
n n
9. The intensity I of an EM wave propagating in vacuum is given in terms of the rms value of the electric
field and the rms value of the magnetic field as:
@) 1= [F0g2 (B) 1= [Fopg2
Ho o
(C) Both (A) and (B) (D) Neither (A) nor (B)
10. A plane electromagnetic wave,
E,=100cos(6x 108t +4x)V / m
Propagates in a medium of refractive index :
A) 1.5 (B) 2.0 (C) 2.4 (D) 4.0
11. An electromagnetic wave is propagating along the +Z direction. Then, the respective directions along

which the electric field and magnetic field of this wave oscillate CANNOT be along the unit vectors:

@ () and (-j) ® [_l—gj o [%J

(©) (—j) and i (D) (%J and [ij;]

12. The electric field part of an electromagnetic wave in a medium is represented by E, =0,

N s rad _grad .
Ey=2.5—cos 21x10° — |t—| nx10™" — |x |; E,=0. The wave is:
C

s m
(A) Moving along X-direction with frequency 10%Hz and wave length 100 m
(B) Moving along X-direction with frequency 108Hz and wavelength 200 m

(©) Moving along — X-direction with frequency 108Hz and wavelength 200 m

(D) Moving along Y-direction with frequency 2mx 10% and wavelength 200 m

13. An electromagnetic wave passes from vacuum into a non-magnetic medium of relative permittivity ¢, =

Which of these options is correct?

(A) wavelength is doubled and the frequency remains unchanged
(B) wavelength is doubled and frequency becomes half

(©) wavelength is halved and frequency remains unchanged

(D) wavelength and frequency both remains unchanged
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14. A radiation of energy E falls normally on a perfectly reflecting surface. The momentum transferred to the
surface is:
E 2E E
A — (B) — © Ec (D) —
c c c
15. Which of the following radiations has the least wavelength?
(A) y-rays (B) Ultraviolet (C) Microwaves (D) X-rays
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1. An electromagnetic wave of frequency v =3.0 MHz passes from vacuum into a dielectric medium with
permittivity € =4.0. Then [2004]
(A) wavelength is doubled and the frequency remains unchanged
(B) wavelength is doubled and frequency becomes half
(©) wavelength is halved and frequency remains unchanged
(D) wavelength and frequency both remain unchanged

2. The rms value of the electric field of the light coming from the Sun is 720 N/C. The average total energy
density of the electromagnetic wave is: [2006]
@A) 3.3x107% J/m® (B) 458x10°%J/m*(€)  6.37x10° J/m*(D)  81.35x107'% g/m®

3. This question has Statement-1 and Statement-2. Of the four choice given after the statements, choose
the one that best describes the two statements. [2013]

Statements -1: Out of the radio waves and microwaves, the radio waves undergo more diffraction.

Statements - 2: Radio waves have greater frequency compared to microwaves.

(A) Statement 1 is true, Statement 2 is true, Statement 2 is the correct explanation of Statement-1
(B) Statement 1 is false, Statements 2 is true
(C) Statement 1 is true, Statement 2 is false
(D) Statement 1 is true, Statement 2 is true, Statement 2 is not the correct explanation of Statement- 1
4. Which of the following modulated signal has best noise-tolerance? [2013]
(A) long-wave (B) short wave (C) medium-wave (D) amplitude-modulated
5. A plane electromagnetic wave in a non magnetic dielectric medium is given by E = EO 4 x1077 x-50t)
with distance being in meter and time in seconds. The dielectric constant of the medium is: [2013]
(A) 2.4 (B) 5.8 (C) 8.2 (D) 4.8
6. Select the correct statement from the following: [2013]
(A) Electromagnetic waves cannot travel in vacuum
(B) Electromagnetic waves are longitudinal waves
(©) Electromagnetic waves are produced by charges moving with uniform velocity
(D) Electromagnetic waves carry both energy and momentum as they propagate through space
7. The magnetic field in a travelling electromagnetic wave has a peak value of 20 nT. The peak value of
electric field strength is: [2013]
(A) 6V/m (B) 9V/m (C) 12 V/m (D) 3V/m
8. A red LED emits light of 0.1 watt uniformly around it. The amplitude of the electric field of the light at a
distance of 1 m from the diode is: [2014]
(A) 2.45V/m (B) 5.48 V/m (&) 7.75V/m (D) 1.73V/m
9. During the propagation of electromagnetic waves in a medium : [2014]
(A) Electric energy density is equal to the magnetic energy density
(B) Both electric and magnetic energy densities are zero

(©) Electric energy density is double of the magnetic energy density
(D) Electric energy density is half of the magnetic energy density
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10. 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 the lists: [2014]

List - I List - IT

I Doublet of sodium A Visible radiation

II. Wavelength corresponding to temperature associated with the | B Microwave

isotropic radiation filling all space

II. Wavelength emitted by atomic hydrogen in interstellar space C Short radio wave

Iv. Wavelength of radiation arising from two close levels in energy | D X-rays

of hydrogen spectra

A (D - @), 1y, - B), (1) - (C), (IV) - (C) (B) (D - @), 1y, - B), (1I) - (B), (IV) - (C)
© (D -®), I, - (&), (1) - (D), (IV) - &) (D) (D - D), 1D, - (C), () - (A), (IV) - (B)

11. An electromagnetic wave of frequency 1 x 10'* hertz is propagating along z-axis. The amplitude of electric

field is 4 V/m. If y=8.8x107'2C¢2 /N-m?, then average energy density of electric field will be: [2014]

(a) 35.2x10713 J/m3 (B) 35.2x10712 g/m3
(©) 35.2x107" g/m? (D) 35.2x1071° g/m3
12. An EM wave from air enters a medium. The electric fields are:

- z
E, = E01Xcos{2nv[— —tﬂ in air and
c

E2 = EggXx cos[k(2z — ct)] in medium, where the wave number k and frequency v refer to their values in

air. The medium is non-magnetic. If €, and e, refer to relative permittivity’s of air and medium

respectively, which of the following options is correct? [2018]
1 1
(A) Sn_ 2 (B) i:4 (©) izz (D) Sn_ 2
€, 2 €ry €ry €, 4
13. The energy associated with electric field is Ug) and with magnetic field is Upg) for an electromagnetic
wave in free space. Then: [2019]
Up
@A) Ug >Ug (B) Ug =Ug (©) Up=—" (D) Up <Ug
14. A plane electromagnetic wave of frequency 50 MHz travels in free space along the positive x-direction. At

a particular point in space and time, E =6.3j V/m. The corresponding magnetic field B, at that point

will be: [2019]
@ 6.3x10 KT (B) 189x108kT (€)  2.1x108kT (D)  18.9x10%KT
15. The electric field of plane polarized electromagnetic wave in free space at time t = O is given by an

expression E(x,y) = loj'cos[(Gx +8z)]. The magnetic field B(x, z,t)is given by : (cis the velocity of light)

a) l(61% +8i)cos[(6x -8z +10ct)] (B) l(61% +8i)cos|(6x + 8z —10ct)] [2019]
C C

(©) l(61% — 8i)cos[(6x + 8z —10ct)] (D) l(61% — 8i)cos[(6x + 8z +10ct)]
C C
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16.

17.

18.

19.

20.

21.

22,

If the magnetic field of a plane electromagnetic wave is given by (The speed of light = 3 x 108m/s)
-6 o 15/, %
B=100x10 51n{2nx2x10 [t ——H
c

Then the maximum electric filed associated with it is: [2019]
@A) 3x10*N/Cc  (B) 6x10*N/C (O 45x10*°N/C (D) ax10*N/cC

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 €g=9x 10712 s1 unit, Speed of light ¢ =3 x 108m /sl [2019]
A 1kV /m (B) 0.7kV /m (C) 2kV /m (D) 1.4kV /m

An electromagnetic wave of intensity 50Wm 2 enters in a medium of refractive index 'n' without any

loss. The ratio of the magnitudes of electric fields, and the ratio of the magnitudes of magnetic fields of

the wave before and after entering into the medium are respectively, given by: [2019]
1 1 1 1
@  (Jnn) ® |V © | @ | —an
Jn Jn'Jn Jn
The mean intensity of radiation on the surface of the Sun is about 108W/m? . The rms value of the
corresponding magnetic field is closest to: [2019]
@ 10747 B) 10721 © 102T @ 1T

A light wave is incident normally on a glass slab of refractive index 1.5. If 4% of light gets reflected and
the amplitude of the electric field of the incident light is 30 V/m, then the amplitude of the electric field
for the wave propagating in the glass medium will be: [2019]
A 10 V/m (B) 30 V/m (C) 24 V/m (D) 6 V/m

A plane electromagnetic wave travels in free space along the x-direction. The electric field component of

1

the wave at a particular point of space and time is E =6Vm™ - along y-direction. Its corresponding

magnetic field component, B would be: [2019]
(A) 6x1078T along x-direction (B) 2x1078T along y-direction
(©) 2x1078T along z-direction (D) 6x1078T along z-direction

The magnetic field of an electromagnetic wave is given by:

B} . Wb
B :1.6x10_6cos(2><107z+6><1015t)(2i +j)—2

m
The associated electric field will be: [2019]
. RN
A) E=4.8x102C05(2x107z+6x1015t)(i—2j)—
m
o 2 7 15 : AV
(B) E =4.8x10 Cos(2x10 z+6x10 t)(—l +2J)—
m
= 2 7 15 s Vv
(©) E =4.8x10 cos(leo z-6x10 t)(—2J+l)—
m
= 2 7 15,\(0: . YV
(D) E =4.8x10 Cos(2x10 z-6x10 t)(ZL +J)—
m
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The magnetic field of a plane electromagnetic wave is given by: B= By f[cos(kz —ot)] +Blj' cos(kz + wt)
where By = 3x 10757 and By =2x 10"6T. The rms value of the force experienced by a stationary charge
Q= 1074C at z =0 is closed to: [2019]

a) 0.1N (B) 3x1072N ©) 0.6 N (D) 0.9N

The electric field of a plane electromagnetic wave is given by E-= Eofcos(kz)cos(cot) . The corresponding

magnetic field B is then given by: [2019]
@ B="2jsin(kz)sin(ot) ®  B="Cksin(iz)cos(or)
©  B=—-2jsin(z)cos(ot) @)  B=—-2jcos(kz)sin(ot)

C C

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 60 V/m. Which among the following is the acceptable

magnetic field component in the electromagnetic wave? [2019]
a) B=60sin(0.5x10%x +1.5x 10k (B) B =2x107sin(0.5x103z + 1.5 x 10} 11)i
(©) B=2x10"7sin(1.5x102x +0.5x1019j (D)  B=2x10"7sin(0.5x10%z-1.5x 10 1)

An electromagnetic wave is represented by the electric field E-= EOrAl sin [wt+(6y—82)] Taking unit

vectors in x, y and z directions to be Z 3 l; the direction of propagation ; is: [2019]
~ Bi-4j ~ 4j-3k ~ —4k+3] ~ [-8j+ak
S = 5 J (B) Sz]T S:—J (D) s:[‘]—]

0:Y (©)

5

If the magnetic field in a plane electromagnetic wave is given by B=3x 10 8sin(1.6x10%x + 48x1010t)j'T ,

then what will be expression for electric field? [2020]
A E=(3x10"8 sin(1.6x103 x +48x10'0t)iv / m)

(B) E=(3x10"8sin(1.6x10°x +48x10'%1)jv / m

(©) E=(60sin(1.6x10°x +48x10'%0)kv / m

(D) E=(9sin(1.6x103x +48x10'00)kV / m)

A plane electromagnetic wave of frequency 25 GHz is propagating in vacuum along the z-direction. At a

particular point in space and time, the magnetic field is given by 1§=5x10_8j’T. The corresponding

electric field E is (speed of light c=3x108ms™! ) [2020]
a) 15iV /m (B) ~15iV /m
©) 1.66 x 10716{v / m (D) ~1.66 x 10 16V /m
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29.

30.

31.

32.

33.

i+ j
A plane electromagnetic wave is propagating along the direction—J with its polarization along the

o

direction k . The correct form of the magnetic field of the wave would be (there B, is an appropriate

constant): [2020]
i+ i+ : i+
(A) By —=-cos| ot —k—= (B) Bgk cos| ot —k—=
V2 V2 V2
i-J i+ i i+
(C) B, cos| ot +k—— (D) B ———cos| ot -k
° 2 { @] 2 { V2 ]

The electric field of a plane electromagnetic wave is given by

- i+j
E=E, ——cos(kz+ ot)

V2

n
At t=0, a positively charged particle is at the point (x,y,z):[O,O,E] . If its instantaneous velocity at

(t=0)is Uol; , the force acting on it due to the wave is: [2020]
. i+
(A) ZEero (B) antiparallel to
J2
: i+]
(C) parallel to Ik (D) parallel to —=
J2

The electric fields of two plane electromagnetic plane waves in vacuum are given by
El = on' cos(ot—kx)and EZ = Eok cos(ot - ky)

At t = 0, a particle of charge q is at origin with a velocity 5=0.8¢j (c is the speed of light in vacuum). The

instantaneous force experienced by the particle is: [2020]
@A) E,(-0.8{ - j+0.4k) (B) E,(0.8(+j +0.2Kk)
(©) Eqq(-0.80+j +k) (D) Eq(0.4i-3] +0.8Kk)

In a plane electromagnetic wave, the directions of electric field and magnetic field are represented by k

and 2i - 23’ , respectively. What is the unit vector along direction of propagation of the wave? [2020]
(a) 1 (2+7) @ ~(G+k © L (isj D) L (i.9]

FE w0 @ e m e

V5 V2 V2 V5

The magnetic field of a plane electromagnetic wave is

B =3x10"8sin[200 n(y + ct)IiT

Where ¢ = 3x108ms™! is the speed of light. The corresponding electric field is: [2020]
(Aa) E = -9sin[200 =(y + ct)lk V/m (B) E = 3x10"8sin[200 n(y + ct)k V/m
(©) E =-10"%sin[200 n(y + ct)lk V/m (D) E =9sin[200 n{y + ct)Jk V/m
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34. The electric field of a plane electromagnetic wave propagating along the x direction in vacuum is
E= oncos(cot —kx). The magnetic field B, at the moment t =0 is: [2020]
= - - E, -
@A) B = Eq4/ug <o coslix) j (B) B=—9cos(ix)k
VMo €o
- . - E, -
(C) B= EOJpO €g cos(kx)ic (D) B= cos(kx) j
VMo €o
35. Choose the correct option relating wavelengths of different parts of electromagnetic wave spectrum:
4) kvisible > kx—ray > kradio waves ~ kmicro waves [2020]
(B) xradio waves ~ }“microwaves visible X rays
(©) 7‘visible < }”micro waves < }“radio waves X rays
(D) kx—rays < kmicro waves < kradio waves < Ayisibie
36. The electric field of a plane electromagnetic wave is given by E =E0(5c +y)sin(kz —ot) . Its magnetic field
will be given by: [2020]
Ey . Eqy _
(A) —(x —y)sin(kz -ot) (B) —=(—x +y)sin(kz —ot)
c c
Eqy . . Ey .
(©) —=(x —y)cos(kz —ot) (D) —=(x +y)sin(kz —ot)
c c

VMC s

IIT JEE | MEDICAL | FOUNDATION

37. An electron is constrained to move along the y-axis with a speed of 0.1 c (c is the speed of light) in the
presence of electromagnetic wave, whose electric field is E = 30j sin(1.5 x107t-5x10"2x|V /m. The
maximum magnetic force experienced by the electron will be: [2020]
(given ¢ =3 x 108ms™! and electron charge = 1.6 x 10_19C)

A) 4.8x10719N (B) 2.4x107 18N
(©) 3.2x10718N (D) 1.6x10719N
38. The correct match between the entries in column I and column II are : [2020]
I II
Radiation Wavelength
(a) Microwave @) 100 m
(b) Gamma rays (ii) 10® m
(0) A.M. radio waves (iii) 10°m
(d) X-rays (iv) 103 m

A (@)-(iti), (0)-(id), (0)-(@), (d)-(iv)
© (@)-(iv), (b)-(ii), (c)-(1), (d)-(iii)

(B) (@)-(id), (b)-@), (c)-(iv), (d)-(iii)
(D) (@)-(1), (b)-(ii), (c)-(iv), (d)-(ii)
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315
39. Suppose that intensity of a laser is [—]W / m2. The rms electric field, in units of V/m associated with
n

this source is close to the nearest integer is . [2020]

(80 - 8.86x10712C2Nm2;c = 3 108ms‘1)

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

E(x,t) = [1.2 x1077 sin(0.5 x103x +1.5x10! 11:)12}T . The instantaneous electric field E corresponding to

B is : (speed of light ¢ = 3x108 ms_l) [2020]
= [ag 3 1\ 1V
7\ E(x, t)= 3651n(0.5x10 x+1.5x10 t)k —
L m
= [ . 3 11.\51VY
(B) E(x, t) = —3651n(0.5x10 x+1.5x10 t)J —
L m
= g 3 11,):]V
(C) E(x, t): 3651n(1x10 x+1.5x10 t)l —
L m
= g 3 11,51V
(D) E(x t)= 3651n(1x10 x+0.5x10 t)J —
L m
41. A plane electromagnetic wave, has frequency of 2.0x 101°Hz and  its energy density is

1.02x10_8J /m?’in vacuum. The amplitude of the magnetic field of the wave is close to
1 2

_ 9 Nm o 8 -1,.
=9 x10Y ———and speed of light =3x10° ms™"): [2020]
4n g c?

(Aa) 160 nT (B) 150 nT (&) 190 nT (D) 180 nT

(
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