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Chapter 17. Electromagnetics Waves

In an electromagnetic wave in {ree space the root
mean square value ol the electric feld 1s
E..=6Vm ' The peak value of the magnetic
field 1s

(a) 2.83 x 10T
(c) 423 x 102T

(by 0,70 x 10*T
(d) 1.41 = 10°*T
(NEET 2017)

A 100 Q resistance and a capacitor of 100 €

reactance are connected in series across a 220V

source. When the capacitor 1s 50% charged. the

peak value of the displacement current 1s

(a) 2.2A (b) 11 A

() 44A d 1124
(NEET-II 20.16)

Out of the following options which onegan he
used to produce a propagating electromagnetic
wave”?
(a) A chargeless particle
(b) An accelerating charge
(¢) A charge moving at.constantVelocity
(d) A stationary charge
(NEET-12016)

The energy of the em waves 15 of the order of

15 keV. To whieh part of the spectrum does it
belong?

(a) Ulwaviolet rays
(¢) K=mays

(b) y-rays

(d) Infra-red rays
(2015)

A radiation ol energy “£7 lalls normally on a

perfectly reflecting surface. The momentum

transferred to the surface 1s (C' = Velocity of light)

2E E
(a) 2 (b) F
E i 2E
(¢) C (d) c

(2015 Cancelled)

Light with an energy flux of 25 » 10" Wm = falls
on a perfectly reflecting surface at normal

incidence. If the surface area 1s 15 cm?, the
average force exerted on thesurface 1s

(a) 1.25 = 10°N

(by 2.50 % 10°°N

(¢) 1.20x% 10°N

(dy 3.0x10°N (2014)

The conditiomunder which a microwave oven
heats op a food i1tem containing water
moleeules most efficiently 1s

(@ Mierowaves are heat waves, so always
produce heating.

(b) Infra-red waves produce heating 1n a
microwave oven,

(¢) The frequency of the microwaves must
maltch the resonant frequency of the water
molecules.

(d) The frequency ol the microwaves has no
relation with natural frequency of water
molecules. (NEET 2013)

An electromagnetic wave ol [requency

v = 3.0 MHz passes from vacuum into a dielectric

medium with relative permuttivity € = 4.0, Then

(a) Wavelength 1s doubled and frequency
becomes hall

(by Wavelength 1s halved and [requency
remains unchanged.

(¢) Wavelength and frequency both remain
unchanged.

(d) Wavelength 1s doubled and [requency
unchanged.

(Karnataka NEET 2013)

The electrnie hield assocated with an em wave

. i A _
m vacuum 1s given by /= 40 cos (kz—6 = 10* )

where £, z and 7 are in volt/m. meter and seconds
respectively. The value of wave vector k 1s

(a) 2m’
(¢) 6m’

(b) 0.5m"!
(d) 3m"!
(2012)
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10.

12.

13.

14.
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The ratio of amplitude of magnetic field to the

amplitude ol electric  field for an

electromagnetic wave propagating in vacuum

15 equal to

(a) the speed of hght in vacuum

(b) reciprocal of speed of light mn vacuum

(¢) the ratio ol magnetic permeability to the
electric susceptibility ol vacuum

(d) umty (Mains 2012)

The electric and the magnetic lield, associated

with an e.m. wave, propagating along the

+z-axis, can be represented by

(a) _E'=EGF,E=EUIF]
(b) :E=£ﬂi?, E:HD?:
(¢) :E=En;, B-’zBDF:
(d) :E=EDF,E=BGF§ (2011)

The decreasing order of wavelength of

infrared, microwave, ultraviolet and gamma

rays 1s

(a) mucrowave, mirared, ultraviolet, gammarays

(b) gamma rays. ultraviolet, infrared. mierowaves

(c) muecrowaves, gamma rays, infraredealtraviolet

(d) nfrared, microwave, ultraviolet, gamma rays
(2011)

Which of the followmg statement 1s false for

the properties of electromagnetic waves?

(a) Both elegtnerand magnetic field vectors
attamn the'masima and mimma at the same
plagerand same time.

(b) The.enmergy in electromagnetic wave 1s

divmaded equally between electric and

magnetic vectors.

Both electric and magnetic held vectors are

parallel to each other and perpendicular to

the direction of propagation ol wave.

These waves do not require any materal

(2010)

(c)

(d)

medium [or propagation.
The electric field of an electromagnetic wave
mn free  space  1s given by
E =10cos(107t + kx) ; V/m, where ¢ and x are
in seconds and metres respectively. It can be
inferred that

15,

E =

16.

(1) the wavelength A 1s 188.4 m.

(2) the wave number & 1s 0.33 rad/m.

(3) the wave amphtude 1s 10 V/m,

(4) the wave 1s propagating along +x direction.
Which one of the following pairs of
statements 1s correct?
(a) (3)and (4)

(¢) (2)and (3)

(b) (1)and (2)
(dy (1)and (3)
(Mains 2010)

The electrie field part of an electromagnetic
wave in a medium 15 representéd by i =0;

2.5 Eﬂnﬂ [(an 10° _m.i].)r_( ax107? rad ]l}
C m S
E.

= (), The wave is
(a) movin@ along x direction with frequency
10*H7 and wavelength 100 m.
(b) moeving along x direction with frequency
108 Hzand wavelength 200 m.
{€) 'moving along —x direction with frequency
10* Hz and wavelength 200 m.
() moving along v direction with frequency
2m » 10° Hz and wavelength 200 m.
(2009)

E ]

The veloeity of electromagnetie radiation n a
medium of permittivity €, and permeability p
15 given by

I
(b) Lo

(a) W Moy €
E
. (d) /Mg

p’li

()
(2008)

17. The electric and magnetic field of an

electromagnetic wave are
(a) 1n opposite phase and perpendicular to
each other

(b) mm opposite phase and parallel to each

other

in phase and perpendicular to each other

in phase and parallel to each other
(2007, 1994)

(c)
(d)

18. If A,. A, and A, represent the wavelengths of

x>

visible lLight, X-rays and microwaves
respectively, then
(@) A > Ae > Ay
(€) Ay = Ay > Ay,

(b) Ay > Ay = Ay
(d) Ay > Ay > A
(2003)
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19,

20,

21.

22.

23.

24.

26.

We consider the radiation emitted by the

human body. Which one of the following

statements 1s true?

(a) The radiation emutted 1s 1in the mnfra-red
region

(b) The radhation 15 emutted only dunng the day

(¢) The radiation 1s emitted during the
summers and absorbed during the winters

(d) The radiation emitted hies in the ultraviolet
region and hence 1s not visible  (2003)

Which of the following rays are nol

electromagnetic waves "

(a) X-rays

(c) [-rays

(b) y-ravs

(d) heat rays (2003)
The veloaity of electromagnetic wave 1s parallel
Lo

(a) E X E
(c) E

(b) E‘}{B

(dy B. (2002)

What 1s the cause of Green house effect?

(a) infra-red rays (b) ultra wviolet rays

(¢) X-rays (d)} radio waves.

(2002)

Biological importance ol ozone laver 1s

(a) 1t stops ultraviolet rays

(b) ozone laver reduces green house elfect

(¢) ozone layer reflects radio waves

(d) ozone laver controls O-/H, sati® 111
atmosphere. (2001)

The frequency order for y-rays (), Xeravs (1),
UV rays (C') 1s

@ B>4>C W d=9>C

@) C>RB>4 W) W C > B,
(20040)

Ozone layer blocks the radiations of

wavelength

(a) moredhind « 10 ' m

(b) equal 3 ® 107 m

(¢} Jess thani § # 107 m

(d) allof these (1999)

Wavelength of hght of frequency 100 Hz
(a) 4 % 10°m (by 3 = 10°m
(¢) 2= 10°m (dy 5= 10%m

27,

28.

29.

3,

31.

32.

33.
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If €, and p, are the electnie permittivity and
magnetic permeability in a [ree space. € and
are the corresponding quantities i medium,
the mmdex and refraction of the medium 1s

r Eqlly 1 EQ
@ £l ®) €y
EpHt £
) d 1997)
[L} t J'I'“ { ) E” {.’

Which of the following electromagnetic

radiations have the smaller wavelength?

() X-rays (B) y-rays

(¢) UV waves (@ mierowaves
(1994)

A signal emitted bB¥Wairantenna from a certain
point can.be received at another point of the
surface 1n thedform of
(a) skywvave
(C) Bea wawe

(b) ground wave
(d) both (a) and (b)

(1993)
Thp stfucture of solids is investigated by
HS1TE
f¥) cosmic rays
(b) X-rays
(e) vy-rays
(d) infra-red radiations (1992)

The frequency of electromagnetic wave, which
best suited to observe a particle of radius
3 % 10 em 1s of the order of

(a) 10% (b) 10

(c) 101V (d) 10% (1991)

In which of the following, emission of
electrons does not take place

(a) thermionic emission

(b) X-rays emission

(¢) photoelectric emission

(d) secondary emission (1990)

Which ol the following electromagnetic
radiations have the longest wavelength ?

(a) X-ravs (h) y-rays

(¢) Microwaves (d) Radiowaves

(1999) (1989)
( Answer Key )
1. () 2. (a 3. by 4. () & (d) 6. (b 7. (¢ 8 (b)) 9. (a) 10. (b)
11. (a) 12. (a) 13. (¢) 14. (d) 15 (b) 16. (a) 17. (c) 18. (b) 19. (a) 20. (c)
21. (b) 22. (a) 23. (a) 24. (a) 25. (d) 26. (by 27. (b) 28. (b) 29. (d) 30. (b)
31. (by 32. (b)y 33. (d)
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NIRRT EATE EXPLANATIONS ‘|I||II[IIIIIIIII|III|IIIIIIIIIIIIIIIIIIII

. (@):Given: £ =6Vm'

IE||T|:'I"l IE.I'III";.'
~=€ OF By =——
Hrnm i 8
6 -8
B, =—=2%10"T
T 108
smce, B = ﬂ

2
where B_ 1s the peak value of magnetic field.
By =B, N2 =2x107% x2T
B =283x10°T
2. (a):Here. R=100Q. X =100Q

Net impedance, Z = 4 R* + XE = 10032 Q

Peak value of displacement current
= Maximum conduction current in the circut
gy 220\2
S Z 10032
3. (b) : An accelerating charge is used to produce
oscillating electric and magnetic fields, henee the

=22A

electromagnetic wave.

he

4. (e): As }LZE

where the symbols have them wsual meéanings.
Here, E=15keV=15x 108V
and fic = 1240 eV nm
3 = 1240 eV nm
15x10° eV
As the wavelengllirange of X-rays 1s from 1 nm to
107 nm.  sorthis wawvelength belongs to X-rays.

= 0,083 1mm

5. (d) : Energy of radiation, E=hu= %
_ h E
Also. 1ts momentum P = I = E = Pi
Pr="Pi=" E
C

So, momentum transferred to the surface

WL WY

R - c/ €

6. (b):Here. Energy lux. /=25= 10"Wm ™~
Area, A=15cm*=15= 10" m*
Speed of light, ¢ =3 x 10°m s/

For a perfectly reflecting surface, the average force

exerted on the surface 1s

214 2x25%10* Wm ™2 x15x107 m?
¢ 3x10° ms™!

=250x 10" N=2.50 % 10N

F

7. (¢) : In microwave oven the frequency of the
nucrowaves must match the resanant frequency ol
waler molecules so that energy [Fomrthe waves 15
transferred efficiently to the Kwnetic energy of the
molecules.

8. (b) : Frequency of eleetromagnetic wave does
not change with Ghange in medium but wavelength
and veloeny of avave changes with change in
medium.
Veloaity ‘of éleclromagnetic wave in vacuum

1

G v | Ul’vacuum '
J“UED )

Veloeity of electromagnetic wave in the medium
1 C

Vmedium = = I
\/HD“rECIEr H, €,
where u and € be relative permeability and relative
permittivity of the medium.
For dielectric medium, p = |

&

¥ = —

v medinum =
3 |I -

Here, € =4.0

C

L \],’Z - 2 - (11)
Wavelength of the wave in medium
Viewiaid C A it o g .
iy = PN 2 e = B {Uhln-l::'- (1) and (1))
U 2v 2

9. (a): Compare the given equation with
E = Ecos(kz = wf)
we get, m =6 = 10% g!
m 6 x 10°% s71

Wave vector, k= — = 5 x
. Ix10"ms

10. (b) : The amplitude of magnetic field and electric

=2 m}

ficld for an electromagnetic wave propagaling in
vacuum are related as
E =Bc
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where ¢ 15 the speed of hight 1n vacuum

. B _1

. w E P P

11. (a) : The electromagnetic wave 1s propagating
along the +z axis.

Since the electric and magnetic fields are
perpendicular to each other and also perpendicular
to the direction of propagation of wave.

Also, E x B gives the direction of wave propagation.

- i A .|':|. .|":|. i
s E=Eyi, B=Byj (5 iXf=Fk
12. (a) : The decreasing order of wavelength of the
given electromagnetic waves 1s as follows

> M

hicrowave Infrared LiErmaolet CFaIiins rays

13. (¢) : In an electromagnetic wave both electric
and magnetic vectors are perpendicular to each
other as well as perpendicular to the direction of
propagation of wave,

14. (d) : As given

E = 10cos(107f + kx) )

Comparing 1t wath standard equation of e¢.m.
wave,

I = E cos(mt + kx)
Amplitude £, = 10 V/m and o = 107 rad/s

o (1]

(A
i — 'L'r;i., o DT
: 2n
2nx 3x 10"
or A=2m= i ? = 1884 i
() 107
(0 M ]ﬂ?
Also. c=— or k=== =(.033
k g Bx10®

The wave 1s propagating along y direction,
15. (b):

E, =2.Sg[[2‘.rn-r:lﬂi'='E ]4!—[:*:*:-{1'.’1‘2 E]r}

m 5

E.=0

The wave 1s moving mn the positive direction ol x.
This 15 the form £ = E (1 — kx)

m=2m = 10°
2mu=2nx 10* = v=10Hz
27 21
fom =N = —:EK]U_E
A A
27 o
= P — =2x10° =200 m.
10

221

16. (a) : The velocity of electromagnetic radiation
In vacuum 18 7==r , where 4, and g are the
Moty

permeability and permittivity of vacuum.

17. (¢) : In electromagnetic wave, electric and
magnetic field are in phase and perpendicular to
cach other and also perpendicular to the direction
of the propagation ol the wave.

18. (b) : &, > A, > A,

In spectrum X-rays has minimum wavelength and
microwave has maximum wavelength.

19. (a) : Every body at all hmes atall temperatures
emit radiation (except@al 7"=0¥, which fall in the
mnfrared region.

20. (c)

21. (b) : Avcording o Maxwell, the electromagnetic
waves are@ those waves in which there are sinusoidal
variahon ol electric and magnetic field vectors at
right angles to each other as well as at nght angles
th thewdirection of wave propagation

SPATN
IR

B

Z Propagation of eleciromagnetic waves

If the electrie field (E) and magnetic field (B) are
vibrating along ¥ and Z direction, propagation of
electromagnetic wave will be along the X-axis.
Therefore, the velocity ol electromagnetic wave 13
parallel to ExB .

22. (a) : As the electro-magnetic radiations from
Sun pass through the atmosphere. some ol them
arc absorbed by 1t while other reach the surface of
carth. The range of wavelength which reaches earth
lies m infrared region. This part of the radiation from
the sun has shorter wavelength and can penetrate
through the layer of gases like CO- and reach earth
surface, But the radiation from the earth being of
longer wavelength can escape through this laver
As a result the earth surface gets warm. This 1s
known as green house effect.

23. (a) : The ozone layer absorbs the harmful
ultraviolet rays coming from sun.

24. (a)
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25. (d) : The range 1s from 380 nm to even 200 nm to
120 nim

3Ix10°
100 Hz

(b): c= ] (free space)
'i,llll"l'f.}EH

V= ;{mcd‘:um}

57

26. (b): A= =3x10° m

27.

e IHE

4 V HoEy
28. (h)
29, (d)

30. (b) : X-rays are used for the mvestigation of
structure of solids

31. (b) : The wave length of radiation used should
be less than the size of the particle

However. when frequency 1s higher than this,
wavelength 1s still smaller. Resolution becomes
better.

32. (b) : Thermiome emission - When a metal 1s
heated to a high temperature, the free electron gain
kinetic energy and escape from the surface ol the
metal.

Secondary emission © When an electron strikes the
surface of a metallic plate. 1t emits other electrons
from the surface.

Photoelectric emission | Emissiomol electrons from
the metal surface on wrradiataon with radiation of
sutlable [requency,

X-rays emussion | They are e Lo transitions in the
mner energy lexels of thevgtom.

33. (d): Radiations Wavelength
| Range m m|

p X-rays 1 x 10V to3 = 10°®
Size of particle =2 = — YErayS 6% 101t0 1 x 101
3% 1010 Microwaves 1030 0.3
~4 =222 orvu=10" hertz _
Ix10 (¥ orv=1 hertz Radiowaves 10 to 107
.——
P o
»—

x>
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