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CHAPTER 5: ELECTROMAGNETIC WAVES

Single Correct Choice Type Questions

L z\/l\/l
&, &
50

= Z=\Ex376.6 Q=1883 Q

Hence, the correct answer is (C).

dE dB
2. Since, —=-—
N T

dE dB
— =-2Eksink f=-—
= — oksinkzeos@t = -

=  dB=+2Eksinkzcos otdt

= B=+2Eksin sz‘ cos wdt

= B=+2E, Esinkzsin ot
(0]

B= %sinkzsinwt
C

- 2F A
= B=—"sinkzsin o]
c

Hence, the correct answer is (C).

c c
3. v=-—=
noJuE
3x10° e 1
U=—=18x10° ms
V1.3x2.14

Hence, the correct answer is (D).
4. v=1BHz=10’ Hz

c_ 3x10°
10°

=0.3m=30 cm (radio waves)

Hence, the correct answer is (B).

5. The electric field E and the magnetic field B are
mutually perpendicular to each other and are in phase
i.e. they become zero and minimum at the same place
and at the same time.
Hence, the correct answer is (C).

11.

13.

1
Frequency v=
q Y ZJT\/E
, 1
:) =
2x3.14x100x 107 x 400 x 102
1

V=—_.?
2%x3.14%x2x10

= 2=S23x108%2x3.14x2x107 =377 m
\%

Hence, the correct answer is (C).

Ty
<4
L
=
o
<
I
Vv

1 1
U= _EDESms + _Bl%ms
2 C2u,
1 1(E2 )1 1
= U= EﬂEfms _( n;\s ]=_60E3m5+_E3m5£0#0

c 2 2,

2

1 1 2
= U= EEOErms + EE{JErms = £D‘E’-rm:?.

= u=(885x10")x(720)* =458 107 Jm™

Hence, the correct answer is (B).

d EA Vi A
o=y =e =a ) 7)

. _(885x10™)(400)(60x10™*)
? (102)(10°)
I, =1602x1072 A

Hence, the correct answer is (B).

ExB gives direction of wave propagation,

(4]
N ("XB)”[ﬁ]

(1) =) e
Since, kx| —= |= =

Wave propagation vector should be along % and
- . i-j
direction of magnetic field is along —=.

i "

Hence, the correct answer is (B).

Polarization proves the transverse nature of electro-
magnetic waves.
Hence, the correct answer is (A).
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14,

15.

16.

17.

18.

20.

22,

24,

A, T = constant

= A,x(27K)=2.888x10" Km

0,288
m 2.7

= 1,=010cm=1mm (For microwave)

A cm

Hence, the correct answer is (B).

dE Adv
Id = SoA_

v
—p 27 E=—
TN { F

12 22
_886x10™7 x314x(2x10 )x5><1013

0.1x107°

I4

= 1,=556x10° A

Hence, the correct answer is (C).

1 2)
I=|—-¢gE; |c
[2“

21
= EO= — =

£C

V.

Since, E, = Fﬂ

2x5%x107%
8.85

=0.61x10° Vm™

= V,=Ed=(061x10°)(2)=123 uv

Hence, the correct answer is (A).

d=+2IR = deh
Hence, the correct answer is (B).
Given that E; =100 Vm™ and B, =0.265 Am™
Maximum rate of energy flow is

S = EO X BO

§=100x0.265=26.5 Wm™
Hence, the correct answer is (A).
E_,_o
= EK=Bw
Hence, the correct answer is (A).
E=E,sin(ot+6y -8z)

8k—6; _[412—3})
10 \ 5

Hence, the correct answer is (A).

= 5=

The intensity of the wave is

1 2] P
I,=| z&E |Jc=——
(2 00 )" 4nR?

|

26.

30.

3L

32.

I
2mR7g c

3
= EO:\/ 12 8
2x3.14x100x8.85x107 " x3x10

= Ey=134Vm’'

Hence, the correct answer is (A).

K107

¢ 3x10°
Hence, the correct answer is (B).

=333x1072 T

0

_he 6610 x3x10°

E 2
A 21x10

= E=094x10%=102]
Hence, the correct answer is (D).
|El‘=cB1 and |E2‘=CB2

Since E, LE,

= Fnel=\(/2§\‘E12+E22

a —EXSXH}BXC’:OXI{J“"
net \/E
L g 90x10°x107"
net JE
= FL.=06N

Hence, the correct answer is (A).

Infrared radiation produces thermal effect and is
detected by pyrometer.
Hence, the correct answer is (B).

Electric energy density

1
u,=—-gE
(4 2 05 rms
E
Since, E,, = —=
T2
1

_ 2
= U= ZEOED
Hence, the correct answer is (D).

Momentum transferred to the mirror in one second is

P=2-(2)a
At c
25,A 2x6x40x107*

= F 5
I 3x10
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34.

37.

39.

41.

42,

43.

= F= % =1.6x10™" kgms™

Hence, the correct answer is (D).

Amplitude of electric field, E, = Byc

= E,=16x10°x{5x3x10°

= E,=48x10%J5Vm!

Also ExB is along —k which is the direction of
propagation.
E=48x10%cos(2x107z+6x10°¢)(~i +2j) Vm!
Hence, the correct answer is (A).

B -rays are not electromagnetic waves.
Hence, the correct answer is (C).

Speed of light of vacuum is
1

Ho&y

c=

.

Speed of light in any medium is

1
V= —
Jie

I e
v\ HpE
C
= U=
1K

Hence, the correct answer is (C).

During propagation of a wave from one medium to
another, frequency remains constant and wavelength
changes

H=JE=\/Z=2
£y
1

Since U< —
ince U 7
= Wavelength is halved.

Hence, the correct answer is (C).

E, B and k form a right handed system k is along
z-axis

As ix=k
= EI% X Bv} =ck

ie. E is along x-axis and B is along y-axis.
Hence, the correct answer is (A).

EM waves carry momentum and hence can exert pres-
sure on surfaces. They also carry energy, so we have

45.

47.

49.

51.

53.

54.

Hints and Explanations H.259

p#0 and E#0

Hence, the correct answer is (B).

Electric field is given by

p.Y_R
[
where, R is the resistance of wire

Magnetic field at the surface of wire or radius 7 is

- Mt
2ma LN
Hence Poynting vector, directed radially inward is [lfa'4
given by E
EB (iR ( TR ) iR o
g=—Z o | £l 2 2R
Uy \ ! \2ma) 2mal <
Hence, the correct answer is (D). 5
The angular wave number is given by
(=
A

where 4 is the wave length.
The angular frequency is @ =2x f

.o 2rnf
Theratio —=——=fA=
e ratio Pty fA=c

k
= —=constant
o

Hence, the correct answer is (C).

Average energy density of electric field is given by

2
1 1 E 1
U, =E€0E2 =250(%) =Z€0E§

= = %(8.85 x10™2)(1)? =22x1072 Jm™
Hence, the correct answer is (B).

The pressure due to radiation is

S ==0.166x10" Nm
¢ 3x10
Hence, the correct answer is (A).
E
c=—
B
., p=L-_1 ==6x10"T
¢ 3x10
Hence, the correct answer is (B).
1
V=
2n\LC
A= £ 21eLC

1%
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55.

57.

58.

59.

61.

= A=3x10° x2731x10™ x 0.01x10™
= 21=3x10°%x2x3.14x107 =1884 m

Hence, the correct answer is (C).
Area through which the energy of beam passes is
A=(6328x107) = 4x10 m?

P 10°
A 4x10 "

Hence, the correct answer is (B).

=25x10" Wm™

EM waves transport energy, momentum and infor-
mation but not charge. EM waves do not possess any
charge.
Hence, the correct answer is (B).
4
B=E=LS=3.3><10"13 T
¢ 3x10

Hence, the correct answer is (D).

[s

=3

B 3x10°

fi =300 MHz and

3
_ 310 b 30 MHz

f

Hence, the correct answer is (A).

Intensity of EM wave is given by

P 1
"R =(u)c=(EeDE§]c

ARCHIVE: JEE MAIN

Amplitude of electric field, E; = Bc
= F=16x10"°xy5x3x10°
= E,=48x10%\5Vm!

Also ExB is along —k which is the direction of
propagation.

E=48x10%cos(2x1072 +6x10°¢)(~i +2j) Vm™
Hence, the correct answer is (A).

b 6

¢ 3x10°

Propagation direction is along ExB

=2x10° T

0

63.

65.

67.

68.

3.

P
Ey=\57mr—
2mR7g c
800

E. =
0 \/ 2x3.14%(4)* x8.85% 1072 x 3% 10°

= E,=5477 Vm™

Hence, the correct answer is (D).

_c_ 3x10°
T f82x10°

Hence, the correct answer is (A).

=36.5m

EM waves travels in the direction perpendicular to E
as well as B and the direction of propagation of the
EM wave is along the vector Ex B

Hence, the correct answer is (C).

v=1057 MHz
c 3x10°

=—=—71m
v 1057 x10°
= 1=0.28 m=28 cm(radiowaves)

Hence, the correct answer is (A).

Population covered is given by

Population | _ Population
( Covered )_(%Rh)( Density )

Hence, the correct answer is (C).

- B=k
Hence, the correct answer is (C).

|E1‘=CB1

Since, E; LE,

= Fnel=\(/2§VE12+E22

10~ 8 6
= F, =ﬁx3x10 x30x10
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90 % 10° x 1071 In medium, EM wave is
= Fnet - 5 T A
P2 E, = Ep¥cos[k(2z-ct)]
= F,=06N . ¢
E, =Epx 2kl z——t
Hence, the correct answer is (A). - R Ozxcos[ (z 2 J:|
Ey During refraction, frequency remains unchanged,
B, ¢ whereas wavelength changes
E = k'=2k {from equations}
= B,=-% 5
c T 2
) i AT 2( ,1—] N
Given that E = E;cos(kz)cos( @t )i 0 o
A L
- R R =20
= E=ﬁ[c03(kz—aﬁ)i—cos(kz+mf)i] - 2 =
2 o
The corresponding magnetic field is Since, v= ¢ <
_ ’ L
B= 2[cos.(kz )] -cos(kz+at)] | 111 U
. B \juﬂgrz 2 \/ﬂﬂsr
= B=-Y[2sin(kz)sin(ot)]
2 g 1
S
= B= E—[sm(kz)sm( ))j & 4
c

Hence, the correct answer is (C).
Hence, the correct answer is (C).

E=Eysin(0t+ 6y ~82) 8. ExB gives direction of wave propagation,

R o 4]
6] (4k-3j = (ka)n[—]
10 5 ) () 1
Hence, the correct answer is (A). Since. k x ( ﬂ] _j=\) it
_ ) 2 2
By=-"L=—2=2x10"T 2
¢ 3x10 Wave propagation vector should be along T]
v=239x10" Hz -
9 direction of magnetic field is along —=.
=  ©=2mv=2x3142x23.9x10 V2
= ©=15x10"s" Hence, the correct answer is (B).
. ) 9. Electric field in electromagnetic wave is given by
Since, c=—
k E = Esin( @t —kz; )
_w_ 15x10" Also, E' = Eysin(m+ ot —kz, )
8
¢ 3x10 As per question, E=E"=0
= k=05x10’

=  oh-kz =(1+0t -kz,)
= B=2x107sin(05x10°z-15x10"t)i

T
Hence, the correct answer is (C). = n=k(z-z)= 7|22 -z|
In air, EM wave is = A=2|z,-z|
E = mecos[ZJrv(——tH ¢ 3x10° 15x103
C = V=—=

i 2|Zz 21| |2y 7|

. . 2 2mv
= E =Eyxcos[k(z—ct)] { k= 2" c} Hence, the correct answer is (D).
0
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10.

11.

12,

13.

If E is magnitude of electric field, then

1 2)
I=|=¢FE |c
[20

21
= E=|—

(&)
Also, B= E

C
So, direction of ExB will be along +] .
Hence, the correct answer is (C).

Given that B =Bysin (kx+at)] T
The relation between electric and magnetic field is,
E

c==
B

= E=cB

The electric field component is perpendicular to the
direction of propagation and the direction of magnetic
field. Therefore, the electric field component along
z-axis is obtained as

E = cBysin (kx+ otk
Hence, the correct answer is (D).

Since d—E- B
"dz dt

dE dB
= —=-2Eksinkzcoswt=—-—
dz 0 dt

= dB=+2Eyksinkzcoswtdt

—  B=+2Eksin sz‘ cos whdt

= B=+2E, Esinkzsin ot
(0]

Also, E:E:c
B, k

B= %sinkzsinmt
c

= B= %Sinkzsinmt}
c

Hence, the correct answer is (C).

Eradiowave < Eyellow < EblUE < Exfray
B ¢ D
So,D<B<A<C

Hence, the correct answer is (A).

15.

16.

17.

18.

An electromagnetic wave propagating in +x direction
means electric field and magnetic field should be func-
tion of x and ¢.

Also, ELB or ELB
= (§-2)(y+2)=9§-%2=0
Hence, the correct answer is (D).

Intensity of light, I =u,,c

P 1 5,
Also, [ =— and u,, =—¢,E
4mr? 2700

P 1
——=—¢g.Ec or E, =
am? 200 0

2P
41r€0r2c

Here, P=01W, r=1m, c=3%10% ms™

1
——=9%10° NC2m?
47550

9
Fy= (ZIDOXY _ 5 =245 V!
1"x3x10

Hence, the correct answer is (D).

f=2x10" Hz

Ey=27 Vm™

. E
Since, —L=¢
o

L8=9><104§T
3x10

8
Also, A=$= 310 15010 m

fo2x10M

= B=Bosin2n(%—ft)

BO=

— B=(9x10°* T)sinZn(le_(,le[JMt)

x10

Oscillation of B can be along either ] or k direction.
*No given option is correct

For electromagnetic wave, direction of propagation, E
and B are transverse in nature.

According to question, ExB gives the direction
of propagation which is along +z direction. Only
OPTION (B) satisfies both conditions

(i) E-B=0 (ii) (ExB) directed along the z-axis .

Hence, the correct answer is (B).
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20.

21.
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. Infrared waves are used to treat muscular strain. Radio
waves are used for broadcasting.
X-rays are used to detect fracture of bones. Ultraviolet
rays are absorbed by the ozone layer of the atmosphere.
Hence, the correct answer is (A).

In an EM wave, energy is equally divided between the
electric and the magnetic fields.
Hence, the correct answer is (D).

In EM wave, the peak value of electric field (E)) and
peak value of magnetic field (B,) are related by

22,

Hints and Explanations H.263

E, =B
= E,=(20x10° T)(3%x10° ms™)=6 Vm™
Hence, the correct answer is (C).
The direction of polarization is parallel to electric field
= X|E
The direction of wave propagation is parallel to ExB.
= k| ExB

Hence, the correct answer is (A).
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=
o
<
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Vv




