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Solution : DTS

1.(C) B=60sin(rx103x +3nx10'1) k

Comparing with B = 60 sin(kx + ot) k , we see that k = x10% m™!
2n -3
Wavelength, A= o 2x107° m=2mm

2.(A) Polarisation, using polariser and analyser, we get change in intensity of light at different rotations, hence
we conclude that light waves are transverse in nature.

1 1 . Co
3.(B) ¢c=————— and ¢, = Refractive index = — = /i, &,

VHokrEosr ° VHogo ) ¢

4.(A) The dielectric constant is another term for the relative permittivity of the medium, i.e. ¢,.

We know that the refractive index of a medium,

9 2
n 1.5
n=.jen, = p.r=—=( ) =1.25
€ 1.8
. . E, E, k
5.(D) Amplitude of the magnetic field, Bj = —=—<=E| —
®

Direction of propagation, S=k
Therefore, direction of oscillation of magnetic field,
B-SxE—kxi=]
Also, the electric field and the magnetic field of an EM wave are always perfectly in phase.
6.(C) Direction of propagation, S=i

Therefore, direction of oscillation of electric field,

E=BxS=(—j)x{=k

¢ 3x108 3
7.(B) Ah=—=""""-383x101-0.3m=30cm
S0
2 8
B2 .c 1 ¢ 3x10 2 625
8.(B) Intensity of an EM wave, = —5 ~ = O B = (10*6) =——w/m?
Hokr HoMr ey (M)(‘ln ><1077) T
9.A) [-&.E2 _e0Bims _ 80 g2
. =eolymsC = 77— =, |7 Lrms

m Ho "
Bl Bl
Ho Ho \/ €oMo
10.(B) Comparing the given equation with the equation of plane electromagnetic wave,
E,=E, cos(mt +kx)

I

We have ©=6x108%andk=4
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Velocity of light in medium,
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o 6x108 3 ¢
vV=—= =—x10°m /s
I 4
‘ c 3x108
Refractive Index, p=—= =2
v 3 s
—x10
2
11.(D) The direction of propagation must be along the unit vector, S=ExB
Also the unit vectors E and B must be perpendicular to each other.
In this question, it is best to draw the given unit vectors and then apply the above two conditions.
N 6 rad o rad
12.B) E,=2.5—||21x10° — |t—| nx107* — |x|; E, =0
Y C s m
The wave is moving in the positive direction of x.
This is the form Ey =Eq(ot -kx)
0=2nx10°
2nv=271x10®  or v=10°Hz
2n
ok
IS
2n -2 2n )
or —=nx10 or A= =2x10“=200m
A nx10”
13.(C) For a non-magnetic medium, p=1
Therefore, the refractive index, n=,/epn, = l4(1) =2
roA
Wavelength, A =—=—
n 2
c ¢
and wave velocity, V=—=—
n 2
Hence, it is clear that wavelength and velocity will become half but the frequency remains unchanged.
14.(B) Initial momentum of surface, p;j=E/c
where, ¢ = velocity of light (constant)
Since, the surface is perfectly reflecting, so the same momentum will be reflected completely. Find
momentum,
pf=-E/c [negative value]
Change in momentum,
E E 2E
Ap=p;-pj=———-—=—"—"
c c c
Thus, momentum transferred to the surface is
, 2E
Ap' =l Ap |= —
c
15.(A)
Solution 13 Electromagnetic waves



VMC s

IIT JEE | MEDICAL | FOUNDATION

Solution : JEE Main (Archive)

€
1.(C) Refractive index, p= [— =2
€9
Speed and wavelength of wave will becomes half, the frequency remaining unchanged (frequency of a
wave depends on the source as due to refraction, it is assumed that the energy is conserved. Av remains
the same)

2.B) Ugyy = coEs =4.58x10° J/m® = Uyyy =4.58x107° J/m®

3.(C) Frequency of radio wave is less than that of microwave.
4.(B) FACTUAL

3 x108 30
5.4) Speed of wave w/k =50/4x10"7 =12.5 x 107m /s =" -

- 2.4
12.5 x 107

6.(D) FACTUAL
7.(A] EO = CBO

=3x108x20%x107° =6 V/m

1
8.(A) Intensity, [ = EEOE%C , where E; is amplitude of the electric field of the light.

2P
Eo=|—5—=24V/m
4nr CEO

9.(A) FACT

10.(B) Infrared waves — To treat muscular strain
Radio waves — for broadcasting
X-rays — To detect fracture of bones
Ultraviolet rays — Absorbed by the ozone layer of the atmosphere.
1 1
11.B) Ugperage /V=Z.SOE§ - (8:85x 10712)(4)2 =35.2 x 107125 /m>
12.0) e _ © _o_ Moo Sy - Sn

1
Vinea €/2 Ho €0 Hny En &, 4
13. (B) Urp =Ug (Matter of fact)
- 1 - -
14.(C) Poynting vector, S =—(E x B), gives the direction of propagation of em wave
Ho

Since S is along positive x, E along positive y, so B is along +z-direction.

E 6.3

~2.1x10°8T and |B=(2.1x10®T)K| ie. option ()

15.(C) E=Eg(kri - ot)
E(x.y) = 10jcos (6x +82) = 10 jcos| (61 + 8k) - (xi + zk) |

k=6i+8k, w=|k|c=10c
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16.(A)

17.(D)

18.(B)

19.(A)

E(x,y,z,t) = IOjcos [(6{ + 81%) . (xi + zl%) - IOctJ

] : 3 l% 10( : l%)
10jx(Byi+B,j+B, ):T 6 +8
Looking at the options we can say

- 1, - -
B-—(6k-8i)
c

1, -~ .
B = (x.y.z.t) = —(6k - 8i ) cos[(6x + 82) - 10ct |
C

Enax = CBmax

= 3x108x100x1078

- 3x10%

1 9 o 2P
=—¢y EgC = Electric field : Eq =

Since Intensity : I = —
2 AegyC

> |

27x1073 %2
Eq =

10x10°%x9x10712 x 3x108
Ey =1.4 KV/m.

Intensity of an EM wave (in terms of E) is given by:
1
2
In =—¢€n EGC
0 9 0 ~0

1 C
In medium I =— e ¢, E2Z

2 n
Also, for EM waves: n~ \/g ( By = 1)
So, equating I & I,

2 2
E n E —
[—O] =—3—0= n
n

E
- )
Similarly: I =——Bj.C
2u9
1 C
I= B2=
PJTMITS n
Equating & using p. ~1
Bo L
B n

C

<I>=¢, Erzm
Erms = C-Brps
Putting values

B comes in order of 1074 T
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1
20.(C) Energy Density = EEOEQ
Energy in unit area

1 2 .
:EEOE x Velocity
1
2
I=—¢gyE“xC
9 0

1
I'=—¢E2 xV
2

1 1 g C
I'=0.961 = —¢E2V = 0.96 x — £ ESC = E =10.96 x |9 x— xE,
2 2 ggg V
J0.96 « | L wn E
= . X |[—Xn 0
n2
0.96
- |——= xEy=24V/m
n

Here, n=,/u.¢. and p, =1 for EM waves

21.(C) —-¢c = =2x1078T

B=
B 3x108
Direction of magnetic field will be perpendicular to both electric field and direction of propagation of wave

. . Wb
22.(B) B=1.6x10_6005(2x107z+6x1015t)(2i+j)—2
m

EO = cBO

=3x108x1.6x107° = 4.8x10%
From the equation of B we can conclude that the direction of wave is I

Direction of E = direction of Bx 3
=(2{+‘})x(—l€) = —f+2j‘

Hence E =4.8x102 cos(Z x107 z + 6 x 1015t)(—i +2j)v/m

23.C) B, =+BZ+B} =10°x/904 E = Cx B,y = 3x108x107° x /904
-4 8 10-6 F
F=QE=10"*x3x10%x10 x\/904 = 0.9 N. Fms =75 = 06N
2

24.(A) E=Ei cos(kz) cos(wt)

It is made by superposition of 2 waves.

~

- Eg -

E =—i cos(kz —wt)
2

- Eq -

Ey =71 cos(kz + wt) k

Corresponding B

T J
B, =—j cos(kz —wt)
2C
R— (kz + wt)
= COSs +Ww
2= 5c

. - - E,
So, B = By +By = j—O x 2 - sin(kz) sin(wt)
2C
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25.(D) Direction of propagation + z-axis

E
By=-—2=2x10"'T
C

So only choice option (D)
26.(D) S=-6j+8k

- - 6j -8k . 6j-8k
S=— = S = J— = S = \‘/]—
IS| 6)2 + (-8)2 100
. 2(3j-4k . 3j-4k
5o (3j —4k) - §_3J
10 5
27.(D) Eq=ByC,C =speed of light in vacuum
Ep =3x108x3x108 v/m
Ey=9V/m . E = 9sin(1.6x103x + 48 x 10190k V/m

E
28.(A)

G

B
E=i; E=BC=15

~>

29.(D) Bis L to direction of propagation of e.m wave, B= BO[ —J ]cos(mt - kr)

N3

30.(B) Electric field at [o,o,%] is —Eq (—]

V2

)
+
o
Ne—

Hence force due to electric field is along —( \/5

B=Ex0= [—(ijgj]xk}l‘:ovo = Eovo{_i/%q

() (i+]
Force due to magnitude filed is along vx B =k x =—

V2

Hence the net force is anti-parallel to rJ

V2

— E, 3 E, .
31.(B) Bj F cos(ot —kx)k & By = Fcos{mt —ky)i

El q[v X EJ + qE1 = qO.SEOf + qEOj‘
Fa = qlV x B2+ qE2 = -q0.8Eyk + qEgk = 0.2qEok
F =F1+F2=qEy]0.8i + j+0.2Kk]

32.(C) c= ExB
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AN
Then C=kx|—=-—=|=—=+—
[@ ﬁ] NMD
33.() B =3x10sin[200n(y +ct) |iT
Ep = BoC =3x10"x3x108 =9 v/m y

B is along +x-axis and propagation is along —y-axis

E should be directed towards —z-axis
E x B is along direction of propagation

E = -9sin[200n(y + ct) |k

E, E,
34.(C) By=-2-= 10 - E, /HOSO _

C
vHogo

B-= Bol%cos(wt —kx)

N€<—

Batt=0= By cos(—kx)l%

= EO’ Ll080 coskx l;
35.(B)
36.(B) E = b(x + §)sin(kz —ot)

ExB]||c

37.(A) Because amplitude of electric field is 30}

30 -
Therefore amplitude of magnetic field will be —k
c

So maximum magnetic force is
F = quBsin 90

30
—1.6x10719x0.1c x ==
C

=4.8x107 19N
38.(C) a IV

b—1II

c—1

d— II
39.(194) [ =Cu

h L S
when u = ESOEO = SOETTTLS
I=CesoE2, o

315
=3><108 XSOEI%ms

T

Solution 18 Electromagnetic waves



VMC Vidyamandir
Classes snce s
IIT JEE | MEDICAL | FOUNDATION

4x105
———x108=-E2 _
4 x megy
2
420x9x10 = Ef o
E;ns =30V42 =194 V /m
40.(B) Magnitude of electric field, Eq = Bgc =(1.2x 10_7)(3 X 108] =36 V/m

If the direction of propagation is along the unit vector S, the direction of electric field is along Bx S.

Therefore, in the given situation, the electric field is along -Y direction.

B2
-8
41.(A) —=1.02x10
2u9
Mo _197
4rn

B2 -1.02x108 x2x47x1077 =2.04 x 4x 3.14 x 10715
~25.6 x107 15

25600 x 10718
B =160 nT
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