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1. An electromagnetic wave in vacuum has the electric and

magnetic field 
r

E  and 
r

B , which are always perpendicular to

each other. The direction of polarization is given by 
r

X  and

that of wave propagation by 
r

k . Then

(a)
r

X||
r

B  and 
r

k || ´
r r

B E (b)
r

X ||
r

E  and 
r

k || ´
r r

E B

(c)
r

X||
r

B  and 
r

k || ´
r r

E B (d)
r

X ||
r

E  and
r

k || ´
r r

B E
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
(a) 4.58 × 10–6 J/m3 (b) 6.37 × 10–9 J/m3

(c) 81.35 × 10–12 J/m3 (d) 3.3 × 10–3 J/m3

3. In order to establish an instantaneous displacemet current
of 1 mA in the space between the plates of 2mF parallel
plate capacitor, the potential difference need to apply is
(a) 100 Vs–1 (b) 200 Vs–1 (c) 300 Vs–1 (d) 500 Vs–1

4. During the propagation of electromagnetic waves in a
medium:
(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.
5. An electromagnetic wave with frequency w and wavelength

l travels in the + y direction. Its magnetic field is along + x-
axis. The vector equation for the associated electric field (of
amplitude E0) is

(a) 0
2 ˆcosE E t y x

® pæ ö= - w +ç ÷è øl

(b) 0
2 ˆcosE E t y x

® pæ ö= w -ç ÷è øl

(c) 0
2 ˆcosE E t y z

® pæ ö= w -ç ÷è øl

(d) 0
2 ˆcosE E t y z

® pæ ö= - w +ç ÷è øl
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6. 7. 8. 9. 10.
11. 12. 13. 14. 15.
16. 17. 18. 19. 20.

6. An electromagnetic wave of frequency 3.0 MHzn =
passes from vacuum into a dielectric medium with
permittivity 4.0Î = . Then
(a) wavelength is halved and frequency remains

unchanged
(b) wavelength is doubled and frequency becomes half
(c) wavelength is doubled and the frequency remains

unchanged
(d) wavelength and frequency both remain unchanged.

7. The average electric field of electromagnetic waves in certain
region of free space is 9 × 10–4 NC–1. Then the average
magnetic field in the same region is of the order of
(a) 27 × 10–4 T (b) 3 × 10–12 T

(c) –121
10 T

3
æ ö ´ç ÷è ø (d) 3 × 1012 T

8. The electric field of an electromagnetic wave travelling
through vaccum is given by the equation
E = E0 sin  (kx – wt). The quantity that is independent of
wavelength is

(a) kw (b) 
k
w

(c) k2w (d) w

9. The electric and the magnetic field associated with an E.M.
wave, propagating along the +z-axis, can be represented by

(a) 0 0
ˆ ˆE E i,B B jé ù= =ë û

r r

(b)  0 0
ˆE E k,B B ié ù= =ë û

rr r

(c) 0 0
ˆ ˆE E j,B B ié ù= =ë û

r r

(d) 0 0
ˆ ˆE E j,B B ké ù= =ë û

r r

10. The energy of electromagnetic wave in vacuum is given by
the relation

(a)
0

2

0

2

µ2
B

2
E

+
e

(b) 2
0

2
0 Bµ

2
1E

2
1

+e

(c)
c

BE 22 + (d)
0

2
2

0 µ2
BE

2
1

+e

11. A plane electromagnetic wave is incident on a plane surface
of area A, normally and is perfectly reflected. If energy E
strikes the surface in time t then average pressure exerted
on the surface is (c = speed of light)
(a) zero (b) E/Atc (c) 2E/Atc (d) E/c

12. An electromagnetic wave travels along z-axis. Which of the
following pairs of space and time varying fields would
generate such a wave ?
(a) Ex, By (b) Ey, Bx (c) Ez, Bx (d) Ey, Bz

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

(a) 3 V/m (b) 6 V/m (c) 9 V/m (d) 12 V/m
14. Microwave oven acts on the principle of :

(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
15. Displacement current is

(a) continuous when electric field is changing in the circuit
(b) continuous when magnetic field is changing in the

circuit
(c) continuous in both types of fields
(d) continuous through wires and resistance only

16. The electric field associated with an e.m. wave in vacuum is

given by ˆE i=
r

40 cos (kz – 6 × 108t), where E, z and t are in
volt/m, meter and seconds respectively. The value of wave
vector k is
(a) 2 m–1 (b) 0.5 m–1 (c) 6 m–1 (d) 3 m–1

17. The charge on a parallel plate capacitor varies as q = q0
cos  2put. The plates are very large and close together
(area = A, separation = d). The displacement current
through the capacitor is
(a) q0 2pu sinput (b) – q0 2pu sin2put
(c) q0 2p sinput (d) q0 pu sin2put

18. A radiation of energy ‘E’ falls normally on a perfectly
reflecting surface. The momentum transferred to the surface
is (C = Velocity of light)

(a)
2E
C (b) 2

2E
C (c) 2

E
C (d)

E
C

19. Match List - I (Electromagnetic wave type) with List - II (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
1   2   3  4

(a) (iv) (iii) (ii) (i)
(b) (i) (ii) (iv) (iii)
(c) (iii) (ii) (i) (iv)
(d) (i) (ii) (iii) (iv)

20. A plane electromagnetic wave travels in free space along

X-direction. If the value of B
r

 (in tesla) at a particular point

in space and time is 1.2 × 10–8 k̂.  The value of E
r

 (in Vm–1)
at that point is

(a) ˆ1.2 j (b) ˆ3.6 k (c) ˆ1.2 k (d) ˆ3.6 j
E

B
D
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21. 22. 23. 24. 25.
26. 27. 28. 29. 30.
31. 32. 33. 34. 35.
36.

21. If vs, vx and vm are the speed of soft gamma rays, X-rays
and microwaves respectively in vacuum, then
(a) vs > vx > vm (b) vs < vx < vm
(c) vs > vx < vm (d) vs = vx = vm

22. Photons of an electromagnetic radiation has an energy
11 keV each. To which region of electromagnetic spectrum
does it belong ?
(a) X-ray region (b) Ultra violet region
(c) Infrared region (d) Visible region

23. A plane electromagnetic wave travels in free space along
x-axis. At a particular point in space, the electric field along
y-axis is 9.3 V m–1. The magnetic induction (B) along z-axis
is
(a) 3.1 × 10–8 T (b) 3 × 10–5 T
(c) 3 × 10–6 T (d) 9.3 × 10–6 T

24. The ratio of amplitude of magnetic field to the amplitude of
electric field for an electromagnetic wave propagating in
vacuum is equal to :
(a) the speed of light in vacuum
(b) reciprocal of speed of light in vacuum
(c) the ratio of magnetic permeability to the electric

susceptibility of vacuum
(d) unity

25. A plane electromagnetic wave is incident on a material
surface. If the wave delivers momentum p and energy E,
then

(a) p = 0, E = 0 (b) p 0, E 0¹ ¹

(c) p 0, E 0¹ = (d) p 0, E 0= ¹

26. Intensity of electromagnetic wave will be

(a) 2
0 0I c B / 2= m (b) 2

0 0I c B / 2= e

(c) 2
0 0I B / c= m (d) 2

0 0I E / 2c= e

27. The decreasing order of wavelength of infrared, microwave,
ultraviolet and gamma rays is
(a) microwave, infrared, ultraviolet, gamma rays
(b) gamma rays, ultraviolet, infrared, micro-waves
(c) microwaves, gamma rays, infrared, ultraviolet
(d) infrared, microwave, ultraviolet, gamma rays

28. Which radiation in sunlight, causes heating effect ?
(a) Ultraviolet (b) Infrared
(c) Visible light (d) All of these

29. The speed of electromagnetic wave in vacuum depends
upon the source of radiation. It
(a) increases as we move from g-rays to radio waves
(b) decreases as we move from g-rays to radio waves
(c) is same for all of them
(d) None of these

30. When an electromagnetic waves enter the ionised layer of
ionosphere, the motion of electron cloud produces a space
current and the electric field has its own capacitative
displacement current, then
(a) the space current is in phase of displacement current
(b) the space current lags behind the displacement current

by a phase 180°.
(c) the space  current lags behind the displacement current

by a phase 90°.
(d) the space  current leads the displacement current by a

phase 90°.
31. The displacement current is

(a) dt/d Eo fe (b) dt/d
R E
o f

e

(c) R/Eoe (d) R/Cqoe
32. Electromagnetic radiation of highest frequency is

(a) infrared radiations (b) visible radiation
(c) radio waves (d) g-rays

33. A point source of electromagnetic radiation has an average
power output of 1500 W. The maximum value of electric field
at a distance of 3m from this sources in Vm–1 is

(a) 500 (b) 100 (c)
500

3
(d)

250
3

34. Frequency of a wave is 6 × 1015 Hz. The wave is
(a) radiowave (b) microwave
(c) x-ray (d) ultraviolet

35. The electromagnetic waves do not transport
(a) energy (b) charge
(c) momentum (d) information

36. Which of the following statement is false for the properties
of electromagnetic waves?
(a) Both electric and magnetic field vectors attain the

maxima and minima at the same place and same time.
(b) The energy in electromagnetic wave is divided equally

between electric and magnetic vectors
(c) Both electric and magnetic field vectors are parallel to

each other and perpendicular to the direction of
propagation of wave

(d) These waves do not require any material medium for
propagation.
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37. Which of the following electromagnetic waves has minimum

frequency ?
(a) Microwaves (b) Audible waves
(c) Ultrasonic wave (d) Radiowaves

38. The wave impendance of free space is
(a) zero (b) 376.6 W (c) 33.66W (d) 3.76 W

39. A plane electromagnetic wave in a non-magnetic dielectric
medium is given by 0

7(4 10 50 )E E x t-= ´ -
ur ur

 with distance
being in meter and time in seconds. The dielectric constant
of the medium is :
(a) 2.4 (b) 5.8 (c) 8.2 (d) 4.8

40. We consider the radiation emitted by the human body.
Which of the following statements is true?
(a) the radiation emitted lies in the ultraviolet region and

hence is not visible.
(b) the radiation emitted is in the infra-red region.
(c) the radiation is emitted only during the day.
(d) the radiation is emitted during the summers and

absorbed during the winters.
41. In a plane electromagnetic wave propagating in space has

an electric field of amplitude 9 × 103 V/m, then the amplitude
of the magnetic field is
(a) 2.7 × 1012 T (b) 9.0 × 10–3 T
(c) 3.0 × 10–4 T (d) 3.0 × 10–5 T

42. Out of the following options which one can be used to
produce a propagating electromagnetic wave ?
(a) A charge moving at constant velocity
(b) A stationary charge
(c) A chargeless particle
(d) An accelerating charge

43. Radio waves of constant amplitude can be generated with
(a) rectifier (b) filter
(c) F.E.T. (d) oscillator

44. In an electromagnetic wave
(a) power is transmitted along the magnetic field
(b) power is transmitted along the electric field
(c) power is equally transferred along the electric and

magnetic fields
(d) power is transmitted in a direction perpendicular to

both the fields
45. If c is the speed of electromagnetic waves in vacuum, its

speed in a medium of dielectric constant K and relative
permeability µr is

(a)
r

1
v

K
=

m
(b) rv c K= m

(c)
r

cv
K

=
m

(d)
r

K
v

C
=

m

37. 38. 39. 40. 41.
42. 43. 44. 45.
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1. (b) Q The E.M. wave are transverse in nature i.e.,

= 
´

=
mw

r r
rk E
H   …(i)

where =
m

r
r B

H

and k H
E

´
= -

we

r r
r

… (ii)
r

k  is ^ 
r

H  and 
r

k  is also ^ to 
r

E

or    In other words
r

X || 
r

E  and 
r

k || ´
r r

E B
2. (a) Erms = 720

The average total energy density
2
00 E

2
1

Î=  2 2
0 rms 0 rms

1 [ 2E ] E
2

= Î =Î

12 28.85 10 (720)-= ´ ´
6 34.58 10 J / m-= ´

3. (d) Id = 1 mA = 10–3 A
C = 2mF = 2 × 10–6 F

ID = IC = 
d
dt  (CV) = C 

dV
dt

Therefore, DIdV
dt C

=  = 
3

6
10

2 10

-

-´
 = 500 Vs–1

Therefore, applying a varying potential difference of
500 V s–1 would produce a displacement current of
desired value.

4. (c) E0 = CB0 and 
0 0

1
m e

=C

Electric energy density = 2
0 0

1
2

e m= EE

Magnetic energy density  = 
2

0

1
2

m
m

= B
Bo

Thus, mE = mB
Energy is equally divided between electric and magnetic
field

5. (c) In an electromagnetic wave electric field and magnetic
field are perpendicular to the direction of propagation
of wave. The vector equation for the electric field is

E
r

 = E0 cos 2 ˆt y zpæ öw -ç ÷è øl
6. (a) Frequency  remains constant during refraction

med
0 0

1
2µ 4
cv = =

Î ´

med med

air air

/ 2 1
2

v c
v c

l
= = =

l
\ wavelength is halved and frequency remains

unchanged.

7. (b) For electromagnetic waves we know that,

E c
B

=

\
4

8 19 10 3 10 ms
B

-
-´

= ´

B = 3 × 10–12 T.

8. (b) Here, k = 
2p
l , w = 2pu

\
2 / 1 1
2

k
c

p l
= = =

w pu pu
(Q c = u l)

where c is the speed of electromagnetic wave in
vacuum. It is a constant whose value is 3 × 106 m s–1

9. (a) E.M. wave always propagates in a direction
perpendicular to both electric and magnetic fields. So,
electric and magnetic fields should be along + X– and
+ Y–directions respectively. Therefore, option (a) is
the correct option.

10. (d) 2
0 0

1 E
2

e  is electric energy density..

0

2

2
B
m  is magnetic energy density..

So, total energy = 
2

2 0
0 0

0

B1
E

2 2
e +

m

11. (c) Incident momentum,  p = 
E
c

For perfectly reflecting surface with normal incidence

Dp = 2p = 
2E
c

p 2EF
t ct

D
= =

D
F 2E

P
A ctA

= =

12. (a) xE  and yB  would generate a plane EM wave travelling

in z-direction, E
r , B

r  and k
r  from a right handed system

k
r  is along z-axis. As ˆ ˆ ˆi j k´ =

    x y
ˆ ˆ ˆE i B j CkÞ ´ =  i.e.,  E is along x-axis and B is along

  y-axis.
13. (b) From question,

B0 = 20 nT = 20 × 10–9T
(Q velocity of light in vacuum C = 3 × 108 ms–1)

0 0E B C= ´
rr r

9 8
0| E | | B | . | C | 20 10 3 10-= = ´ ´ ´

rr r

         = 6 V/m.
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14. (c) Microwave oven acts on the principle of giving

vibrational energy to water molecules.
15. (a) Displacement current is set up in a region where the

electric field is changing with time.
16. (a) On comparing the given equation to

E
r

 = 0ˆa i cos (wt – kz)
w = 6 × 108z,

k = 
2
r c
p w=

k = 
8

1
8

6 10 2m
3 10c

-w ´= =
´

17. (b) Displacement current, ID = conduction current, IC

\
dq d
dt dt

=  [q0 cos2put] = – q0 2pu sin2put

18. (a) Momentum of light falling on reflecting surface p = 
E
C

As surface is perfectly reflecting so momentum reflect

p1 = – 
E
C      E

C
E P
C

=
So, momentum transferred

= P – P1 = 
E E– –
C C

æ ö
ç ÷
è ø

 = 
2E
C

19. (d) (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.

20. (d) Given : 8 ˆB 1.2 10 kT-= ´
r

E
r

= ?
From formula,

8 8 1E Bc (1.2 10 T)(3 10 ms )- -= = ´ ´ 13.6 Vm-=

B
r

 is along Z-direction and the wave propagates along
X-direction. Therefore E

r

 should be along Y-direction.
Thus, 1ˆE 3.6 j Vm-=

r

21. (d)

22. (a)
hcE =
l

 Þ 
hc
E

l =

Þ 
34 8

19
6.6 10 3 10

11 1000 1.6 10

-

-
´ ´ ´

l =
´ ´ ´

= 12.4 Å

x-rays u-v rays visible Infrared

Increasing order of frequency

23. (a) Velocity of light

8
8

E E 9.3
C B 3.1 10 T

B C 3 10
-= Þ = = = ´

´

24. (b) The average energy stored in the electric field

2
0

1
2EU E= e

The average energy stored in the magnetic field = UB =
2

0

1 ,
2 m

B

According to conservation of energy UE = UB
2

0 0 2e m =
B
E

      0 0
1B

E c
= e m =

25. (b) EM waves carry momentum and hence can exert
pressure on surfaces. They also transfer energy to the
surface so p ¹ 0 and E ¹ 0.

26. (b)
27. (a) The decreasing order of the wavelengths is as given

below :
microwave, infrared, ultraviolet, gamma rays.

28. (b) Infrared causes heating effect.

29. (c) Speed of EM waves in vacuum 
0 0

1 constant= =
m Î

30. (b)
31. (a) dt/d EoD fe=Ι .

32. (d) rays visible radiation inf rared Radio wavesg-n > n > n > n

33. (b)
34. (d) Wave is uv rays.
35. (b)
36. (c) Electromagnetic waves are the combination of mutually

perpendicular electric and magnetic fields.
37. (b) Audible waves are not electromagnetic wave.

38. (b) Wave impedance = Z = 
0

0
376.6

m
= W

e

39. (b)
40. (b) Depends on the magnitude of frequency

41. (d) .T103
103
109

c
EB 5

8

3
0

0
-´=

´

´
==

42. (d) To generate electromagnetic waves we need
accelerating charge particle.

43. (d)
44. (d) For an E.M. wave power is transmitted in a direction

perpendicular to both the fields.

45. (c) Speed of light of vacuum
0 0

1c =
m e

and in another

medium 
1v =
me

\ r
0 0 r

c cK v
v K

me
= = m Þ =

m e m
.
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