ALLEN JEE (Main + Advanced) : Physics

Electromagnetic Waves and Wave Optics

SOLUTIONS

EXERCISE - O

1. Ans. (C)

Length of football field ~ 100 m
8

3X1
C=fh=f= = 3MHz

100
Radio waves: 3 kHz to 300 GHz
2. Ans. (B)
Food has many dipoles which tend to rotate in alternating electric field. This rotational energy
sense to increases the temperature.
3. Ans. (C)
Magnetic field when electromagnetic wave propagates in +z direction
B = By sin (kz - ot)

where,

Bo=

3x108 2 *107

2T 3
k=7 = 0.5x%x10
o=2nf=15x1011
4. Ans. (B)
E = 10§ cos(6x + 8z) = 10 cos[(61 + 8k). (xi + zk)]

k = 6i + 8k : this is the direction of 'c'.

¢ x E is direction of B : (61 +8k) xj =6k — 8t
. B= <6k_81) cos[6x + 8z — 10ct] as B = %
5. Ans. (A)
f=5x108 Hz
EM wave is travelling towards +j
B =8.0x10782T
E =B x C= (8 x 10-8) x (3 x 108)
=—24XV/m
6. Ans. (A)
bi—br 4 35x 103
q=—1=%(Bi— By) =255 (04— 0)=14 mC
7. Ans. (D)

(%eoEg)c=1
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8. Ans. (D)
1

VHoErEo

3 g 3x108

> X 10° = N

€, =4
9. Ans. (A)

Energy density = €, E3ys
10. Ans. (B)

White spot-on screen would be central maxima where

Ax=0
d
=5

11. Ans. (A)
_ir _(Y
Ap = 1 Ax and Ax = (E)Xd

3AD,
yi=—

Now for y,

o |
w | X

3

Itmax COS? 7 =10 Z

n . I s
= A¢:§+ 2nm and this can be 47 + z or 6w — 5

3
Y2 2 _
= (szd) 7 =A¢
17D,A 13Dy7
6d ~ 6d

= V2=

T Y=Y

13D,
= p = 3D,

Finally, D 18D
inally, 2= T3

D,-D; 5D
V= =

At 13
12. Ans. (B)

A 1
2ut =5 =(n=3)2
= 2ut=An
—1)tD D

y=E2P e o)

d
(A D
V—G—Oa
7.5%x10-3=(250-t¢
* ( )10—4
1.5x10-7=250x 109-¢
t=100 nm

500%x10
9

 2x100x10”
=25

9

N A

3

www.allen.in
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13. Ans. (B)

2utcosr = (2n + 1)%

_ (@n+1) A _ (2n+1)x5320x10~ "

T2t €oST 27 9y5%10 %102
— u=133
14. Ans. (B)

or W
X1

2utcosr = (2n-1) %

A2
2ucosr

t=(2n-1)
cosr—1
A

t=(02n-1) —
(2n )4ﬂ

n=1
Lo A _ 900
= Zu T axis™m

t =150 nm
15. Ans. (B)
2ut cosr=nk

‘= nA _ 1x6x10
~ 2ucosr ~ 2Xx1.5X%cos60

_6x1077
-~ 15
16. Ans. (B)

7

=4x10""m

A
2ut = > condition for distructive interference

 5000x10™ 10

4%1.25
17. Ans. (C)

Constructive interference occurs for

=10""m

A
OPD=2nt=kk+E

where t is the thickness of the film, k an integer. Hence for maximum reflection the wavelengths

are
ant {6000Af ork =2
T 2k+1 4285Afork = 3
18. Ans. (A)
[2m+1] A
2t= -
2 n

= Fortmnm m=0 |

=

Mg f2

—
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19. Ans. (C)
A
2utcosr=(2n+1) >
_ (2n+1)2 . N A
t= 4ucosr (puttingn = 0) = 4ucosr y
cosr =V1 —sin?r = %\/uz—sinzﬁ W
Substituting all value t = 1.01 X 107m
Mass of soap=p x / x h x t = 6.06 x 1072 mg. |
20. Ans. (C)
For destructive interference
U (2d sec 30°) - 2d tan 30° sini = nd
n=123 ...
By Snell's law 1 si '—§'30°—§
y Snell'slaw 1sini = 5sin =7 T
d 2nld d
33 |
21 . 2
dmin = m—2263 A
Alter : 2ud cos r = nA for destructive interference.
21. Ans. (D)
DA
Fringe width b = i
A
I'=—
U
b decreases
22. Ans. (D)
DA
b= 7: only fringe width changes
*  CBF remains at the same position if liquid is filled.
*  If path diff at O increases, then CBF will shift upward.
23. Ans. (A)
2
Imax = ( 11 + \/1_2) s 1y, I = Io ;) Inax
2
Imin = (\/1_1 - \/E) 3 Iy I = 1o ; Inmin
24. Ans. (C)
r N I
Ado Ado
- ndy
I - Imax COSZ(Iﬁ)
www.allen.in [63]
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25.

26.

27.

28.

29,

30.

Ans. (C)

Io = Iy + Ip + 2/Tg\/I5 cos 6
Io =2l + 2y cos 8

1 =2[1+ cos ¢]

1
E=1+cos¢

I=1 cosz(%%)
- 4

25%10~

=1y cosz<6 o X T X4 X 10‘5>
X

31,
= Iycos?(p/6) = e
Ans. (A)
21
AD=— (4x,)

Optical path diff. Axo = px
Ans. (C)

I=Inax cosZ(%)

I = I;max OS2 [% (u— 1)t]
Ans. (D)

Ax=(ua-1)ta- (s - 1)ts
AX=tg-ta

If tg>tathen Ax> 0

CBF will shift towards A.
Ans. (B)

2

7

/
/
/
7
/
<
7
/
/
7
/
’
/
/

SzP - 51P =n\
Represents family of hyperbolas.

[64]
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31. Ans. (D)
AqD A,D
(2n, — 1)21—d = (2n, — 1)22—d
2ni—-1 A, 560 7k 7 14 21
— = —=—-, k=1,2,3..-,—,—...
2n,—1  A; 400 5K 5'10°15
Must be in integer
2ni—-1 7
=- n=4n=3
277,2—1 5
2ni—-1 14
=>— n1 =— (not possible)
2n,—-1 10 2
2n,—-1 21
——— ni= 11, n,=8
2n,—-1 15
-9
= _ (2x4— 1)400><310 X1 _ — 14mm
2x10
-9
. (2x11 1)400_>;10 X1 _ o
2x10
Yqg —Yp =42 —14 = 28mm
32. Ans. (C)
As amplitudes are 4 and 24, so intensities would be in the ratio 1 : 4, let us say / and 41.
I
Imax=lo =1+ 41+ 2J4I* =9]= 1=3°
. . ' 2 1 IO
Intensity at any point, I' = I + 41 + 24/4I* cos¢; I' = 51 + 41 cos¢ =§(5+4cos¢)
33. Ans. (C)
y—d+&=n7u:> x(2x) +%=nk, where n=1
Ax = (SA + AP) - SP
= (SA + AB) - SP
=SB - SP
= |J(500x )’ +(3x)" —/(500x)" +x* B
A /"/EX
= 500x \/ \/1+ 2 1 ! !
500 ' 1X
2X
500x|| 1+ 1 5%
X + 500
2x50 02 2x5002 x
500 A 3A
- 22 [g]=%, 2.
2x500 2 2
x=625A,187.5\ .........
www.allen.in [65]
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34.

35.

36.

37.

38.

Ans. (A)
The waves arriving from slits Sz will have increased optical path.
The path difference between arriving waves at O.
= Ax =[S:0+(ure-1)t]-510
= Ax=(520 - $10)+(pre - 1)t
From symmetry of figure,
$20 =S50
Ax =(pre - 1)t

i}
Ky
Ans. (C)

Let the power of light source be P, then intensity at any point on the screen is due to light rays

or, Dx=

directly received from source and that due to after reflection from the mirror.

P 9]
= I= P =+ P = ( P > jﬂ When mirror is taken away, I, = S=—
4na”  4nx(3a) 4na” ) 9 4na” 10

Ans. (D)
Shift of central maxima =nA = (n- 1)t

We know that whenever we place my glass sheet (here plastic) in front of slits, the path difference
occurs.

Ax (path difference) = (u-1)t

N = no. of friends shifted

t = thickness of plastic

Shift of central maxima = NA = (u-1)t

= t=24cm

Ans. (A)

All light rays hitting the screen will be appearing to be

coming from S} and S,

= D=b+2rsin2

d =4rsin¢ cos ¢

D
fringe width = % S

Ans. (A)
Phase difference between waves through S; and Sz is 2 x (A/6) x (2n/A) = 2n/3 and that through S;
and S3is 2. 21/3.2n/A =8n/3
y = Asin6 + Asin (6 - 2n/3) + A sin (0 - 87/3)
Resultant amplitude = \/§A

As, Intensity «« (Amplitude)?, new intensity = 3/

[66]

www.allen.in



Electromagnetic Waves and Wave Optics ALLEN

39. Ans. (B)

n
Path difference at O : (pre1 - 1) t = [— - 1J t
n

2

. n 271 _
phase difference at 0: | — — 1 |t 2= where niA1 = n2h;

n2 2

TT
= > after substitution of values.]

40. Ans. (D)
Path difference = d sin ¢ + d sin 6
and for maxima, Ax = m\

m
= sinp+sin@=—
¢ y ]

41.  Ans.(A) /m/’\ d/2=1

-3
AX=dsin®=2x103x 219 _106m=22 « 2 >

42, Ans. (D)
L=2b3=2b(n-1)a
AD _Aa+g)  A(a+b)

W =
d 208  2a(p-1)a

oL _4ba(u—1)Z o’
"W Aa+b)
43. Ans. (D)

27

2n A
¢, = Phase difference between A and B = oA
B X 3 3

Ax,,. =path difference between B and

2
=dsin¢=dtan¢=%=%

.5, =phase difference between B and € =2n

Phase diagram of waves arriving at Po in as shown

2A

Resultant amplitude is given by

A'=\[& + (24 +2(A)(24)120° =34
As loca® . I'=31

www.allen.in [67]
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44,

45.

46.

47.

48.

49.

Ans. (D)

VX2 +16A% —x=n\

For first maxima n = 3
VX +16)° —x =3\
=x*+16)\°* =x* +9\% + 6).x
7L\ =6)x

7

6
Ans. (D)

X

el «ry P
Initially at ‘O’ dueto S =L =1 = And®
Intensity at ‘O’ due to §'

P I,

I ==
? 4n(3d)* 9

sources are treated as incoherent.
= resultant intensity
10
Les=h+1;= ?IO

Ans. (B)

For Ist minimum 0 = %and phase difference ¢ = 2771

21

= Ax = asin9¢=2—na9=2n P
A A a
New Solution b

If'P'is minima, than o
bp— P =7
bp—pc.=m
$bc— g =2m

Ans. (A)

asinb=A=26 2%=%=%radz 3°
Angular pol » (30° - 3°) to (30° + 3°)
=27°to 33°
Ans. (D)
1.22AD
b

Ans. (D)

R =

Resolving limits of microscope is § = ;2_2&
sini
i = Semi cone angle of light

o 1.22x5.5%10 °cm

2%sin30

=6.7%x 10 5cm

[68]
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50. Ans. (C)
1\°_1_ n
A (1N _ 1
Resolving limit ofeye =1" = (60) =20 X180
X
Q=7
1 T x
= — X = =>x=32m
60 180 11000
51. Ans. (D)
a
R-P-=1om
-2
=10 _g5x10f
1.22 x 540 x 10
52. Ans. (D)
_1.22A
" 2usina
g 122x96x 1077
- 2x0.06
d =976 x 1077 m = 9.76 um
53. Ans. (B)
1
R.P x X

RP; A, 7200

I0'd =
RP, M\ 4200

RP; 12
RP, 7
54. Ans. (C)

Distance between Towers is 40 km. Height of the line joining the hills is d=50 m. Thus, the radial
spread of the radio waves should not exceed 50 m. Since the hill is located halfway between the
towers, Fresnel’s distance can be obtained.
Zp =20km
Apertureisa =d =50m
Fresnel’s distance is given by the relation,
a2

Zp = T=2>‘104

a?
A= Zr =125cm
55. Ans. (B)
More slit width more will be light intensity coming from it and width of central maxima decreases
with slit width, so A will move towards O.

56. Ans. (B)

A= [ﬂJ
LB

or A_sinp

A, B
Now P= masin O _n
A 2

A _Si“(%): 2

Y (%)

www.allen.in [69]
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57.

58.

59.

60.

61.

62.

63.

64.

65.

Ans. (C)

The Braggs angle is half the angle through which the beam is deviated. Thus, in this case, the braggs

0=1/2x60°=30°
by braggs equation, 2d sin6 = ni

Here,d=3 x10-19m, 0=30%n=1,A=7?

A=
n 1

=3x10""m=34
Ans. (D)
Intensity for first secondary maxima,

- (_Bj
‘U B

Here,
3n
p= 2
. 3w ?
I_I SlIl? _il
o0 3n op?°
2

Iy = Intensity of principal maxima.
Ans. (A)

Only transverse waves can be polarised.

Ans. (A)

2dsin® 2x(3x107'°)sin30° m

A plane which contains E and the propagation direction is called the plane of polarization.

Ans. (B)

I =1Iycos?8 = I,cos?45° =
Ans. (D)

I=1cos20

Ans. (C)

~

0
2

At polarizing angle, the reflected and refracted rays are mutually perpendicular to each other.

Ans. (D)

The amplitude will be A cos 60° = A/2

Ans. (B)

Angle between P; and P, = 30° (Given)
Angle between P, and P; =6 = 90° - 30°

3

w I /" I

I, =32—
0 m2

—ht HA —H

[70]
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I
The intensity of light transmitted by P, is I; = 70 = 32—2 = 16%
According to Malus law the intensity of light transmitted by P, is
2
— 2 o _— ‘/§ — 14
I, = I; cos* 30° = 16(7) = 12W
Similarly, intensity of light transmitted by P; is
2
1 w
I3=1 20 =12c0s?260°=12(5) =3—
3 = I, cos cos (2) -,

66. Ans. (A)
No light is emitted from the second polaroid, so P; and P, are
perpendicular to each other
Let the initial intensity of light is /.

P
9/7’@(33“9 p
/ 2

~
o

0

So, Intensity of light after transmission from first polaroid = >

I
Intensity of light emitted from P; I; = 70 cos? 6

Intensity of light transmitted from last polaroid i.e. from
I
P, =1, cos?(90° — ) = 70cos2 6.sin? 6

= %0(2 sinf cos0)? = %Osinz 20
67. Ans. (A)
According to Brewster’s law, when a beam of ordinary light (i.e. unpolarised) is reflected from a
transparent medium (like glass), the reflected light is completely plane polarised at certain angle
of incidence called the angle of polarisation.
68. Ans. (C)
From Brewster's law u = tan i,

c
= ;ztan60°=\/§

¢ 3x10°
= v=—=

V3 3
69. Ans. (C)

= /3 x 108m/sec.

From Brewster's law Gp =tan' Lar]
My
Here ui=1,0,=60°% u2=pn

0,=tan" p=60°

| =tan 60°= \/§

c ¢ 3x10®
:}V:—:—:

L3 B

70. Ans. (A)

=\3x10°m /sec

.4
tamp—u—§

ip= 530
ﬂ=§:>d1 =40m
dl

30 3
—_——
dZ
Width =120m (A)

60m

d, =80m

www.allen.in [71]
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71.

72.

73.

74.

75.

76.

Ans. (A)

By maulas law

I = Iycos?0, 0 is the angle between two axis of polaroid.
Timax_ [= lmx o2

Imax 2 2

—_—

4
4
4

Third polaroids matches (90-6) with IInd polaroids

I I
[=—"% sin220 = % [1-cos40]
16

I
[ =" [1-cos4wt]
16

Ans. (C)
Eye receive all component of light which is N3 I A
along the line. AP E// =

I
And perpendicular component is Esin2 0

Net intensity received by light is
LAMERNNE 0 /—
2 2
Ans. (ACD)
For spherical wave
_ o
 4mr?

I -
a TZ
Imax = 4 10; Imin=0
Ans. (BD)

lwe = (VI +y/T2)
toin= (YT, =)’

For sustained interference, I = I; = Iy
A1 = Az = Ao
Ans. (BCD)
At central bright fringe the waves from slits are in phase and following bright fringes having a

difference of 2.4 = 2x21 = 2nd order bright fringe.
Ans. (ABD)

From 2nd graph, when 0 = g , & = 4n = 2\ = distance between S1 & S»

At0=" p=dsino= 201
6 2

Intensity is maximum.

[72]
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77. Ans. (AC)
A
Ax =—+(2t)u,
2
For constructive interference Ax = nA
For destructive interference Ax :£ 2)%
78. Ans. (BC)
LetAS=h (i)
1 A1)
- = — (i Screen
2= on (ii) B
1 A(1) S
6 2(h+06) A I777rrrr7iririz
1
1 _ h+0.6
1 h N
6 1m
3 h+0.6
2 h
h=12mm
1 A(1m)
-mm=— """
4 2x(1.2)mm
A=0.6x10m
A =6000 A
79. Ans. (CD)
Sl d A
Virtual LLLLLLLLILILLLA L ‘///
sources |
2d 6d
ALVIRRRRRARANA \\\" AN
2d
SZ A 4 v
ForP,y=d
2
6d _ 6d
Ax=d. ="
For constructive interference
6d?
—=n\
D
80. Ans. (A)
For a parallel beam wave fronts are plane wave fronts.
81. Ans. (B)
Intensity is maximum at the axis of the cylindrical beam. Hence p is maximum at the axis due to the
relation p = po + p2/
www.allen.in [73]
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82. Ans. (C)

v is minimum at the axis of beam. Hence beam will converge.

—
—

83. Ans. (A)
-10
f= %1 = 1X4000X1% =4 x10-5m=40um

10x10
84. Ans. (A)

Path difference at 'O’

1
51’510—520=dsin30=10x5:5mm

s |s
/"é/|1

30y 30°

Phase difference at 'O’

2TX5%x1073

T
000 1o-T0 = 3 X 10° = 250007 = 0

21
h= Fi path difference=
85. Ans. (A)

d
Path difference at 'P' = SoP - $1'S1P = S2P - (51'S1 + S1P) = yF -dsin30=0
X

For central maxima path difference =0 =Y =Dsin 30 = y =50 cm

86. Ans. (A)
51
O.SmmI- . $0.25mm
S
—————
10cm
1 1
v ou f
= v=—100mandm=__—150=2

= d = 0.5 mm (as shown in figure)

[74] www.allen.in
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87. Ans. (C)
Now d= % mm
andD = 1m
0 p=2D_ 5000x1071% _
4 1x107x1
88. Ans. (A)
Sl.\/\/
0 5mmI 5 Common field of view | |,
s'z/\/\
10cm e =
90cm
1
2 _ L 9 : L :
—== = — = L = 5 mm and number of maxima :[—] + 1 (for central maxima) =5
10 90 2 B
89. Ans. (a-ii), (b-iv), (c-i), (d-iii)
(a) Source of microwave frequency is magnetron.
(b) Source of infrared frequency is vibration of atoms and molecules.
(c) Source of Gamma rays is radioactive decay of nucleus.
(d) Source of X-rays inner shell electron transition.
EXERCISE - S
1. Ans. 2
Conduction current density = oE
Displacement current density :
D _ g€, % _ IQ)SSOE'
ot ot
Ratio of magnitudes = 6/wego = 2
kxE
2. Ans. fo X*Bm cosckt
Mo
- - OB oH
VxE=—"=—p 2=
o o
:Vcos(mt—E.F)xExEm sin(mt—E.F)
r=0
oH kxE
—=— =sin ot
ot [T
. kxE kxE
=" coscktxi: Fo K%Bm cosckt
L, ck \\p, k
www.allen.in [75]
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3. Ans. (a) H= /?’—(’EméX coskx, (b) H= fg—OEméx cos(kx - ot,)
Ho Ho

Consider the case when Er, = 160 V/m, k= 0.51 m'1, x= 7.7 m,and t, = 33 ns.
As in the previous problem

— E .
m cos|ot —k.r |=—"e_cos(kx—-ot
Ho® ( ) T ( )

(b)att=ty, H= 2oE 6 cos(kx —wt, )

“0 m-x
4. Ans. 25cos(mt—§ij
€ing =€f>E'.d7:Eml(cosa)t—cos(oot—kl)) v
:—ZEmIsinﬂlsin mt—gl 1=
2c 2c I
=50mV/m,l= —metre K
ol 27wl_3><108 n H0 I X

e ¢ 3x10° 3 7

€ipg = 50mV(—singjsin(wt —gj

=-25sin c0t+——— =25cos mt—E mV
6 2 3

5. Ans. Z_IM
e

€
In*
82

Permitivity of the medium varies as
s (X) - 81671(»(/1)1'"(81 /%2)
Hence the local velocity of light
—(x 21 ln €l 82
v(x)= c/\/_ [c/\/_] 120)in(e1/

Thus the required time,

t dX \/aj' 2 Ez

,mil
dr T e
€ lne—1 € lng—1
2l g, g,

[76] www.allen.in
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6.
S P
S
5 |
S,
SzP - S1P =n\
VG2 +x2—x=nl
()
NS=%
i Circular
fringes
oSz
7. Ans. L. = 5850 4
DA
B=—
D=100cm
0.7cm v
=m=—=7/3
d u
4 — Bd _00195x03x10"°x10~?
D 100x10 2
8. Ans. 35.35 cm approximate, 5
D=1m
d=3x103m
A=10-3m
d sin 6 = nA
dsin0 =2
= sind =&= 10_3
d = 3x1073
sin@ =%
3
tan @ = 1 =X A 1
V8 D NG
= x=Dtan0
1 1 V2
=1lX—==—==X—=
* B 2272
V21414
X=7gm=—7
=0.3535m
x=35.35cm

Total no. of maxima possible for value of n = 0,1,2

Total no. of maxima present is = 5

www.allen.in [77]
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9. Ans. (n—%))mxl—m

2mx s
¢, = /11—27Tft+€
21mx s
¢, = /12—27Tft+§

b1~ ¢ =4¢

2T T T
T(xl_xz)+(g_§

2nt  for constructive interference

2T T
T(xl —xz) = ZnH—Z
T\ A

(1 —x5) = (Znn - ﬁ) o

(x; —x5) = (n - %) Awheren=0,1,2, ...
10. Ans. 1.99 x 10-2 mm

I = Ihax COS2—

2

I=0whenA¢=mn

2w
—dsinf =nw

A
dsinf = %
T  520x107°
dx 0.75 x =
180 2

11. Ans. 8 um
= —Dt— (- 1)

-10
M=o o =200
t=5%x16000x%x 10710 = t =8x10"°m
t =8um
12. Ans. 1100
d=x0

Xx= ﬂ = condition of dark fringe
20

n =0, first dark fringe at join of plates
n = 4, fifth dark fringe at fiber

d=x9=%=2k

d=2x550nm = 1100 nm
13. Ans. 3

Givend = 4\/5 cm

sin 30° = E sin O
16
sin 0 = E
17

4
AB=dsec30°=8cm;tan 0 = ?

L NISN

=

= t=75cm=75mm :

[78] www.allen.in
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14. Ans. (a) 5.4 um wide, (b) 0.99 mm high

(a) For width,
y _ 0.110

tanf = T = 2Ex0 = 0.0122
asing =21
-9
660x10

=012z -~ >Aum

Now For height,
__6 _ -4
tanG—m—6.6X10
-9
a= ./1 = 660X1O_ = 0.99mm
sind — gex10"*
(b) vertical
25
15. Ans. (?cm)
2 16
M=+—=20="—F+

fo fo

fo= %cm
_b/2 b o

tang = - = mandusmB— 0.9

b 2f s L 400
= = SInNp=42%x—X—
fosin B 5 %X 7

16. Ans. (a) 2.0 x is eyepiece, 4.0 x is objective (b) 37.5 cm

For a magnifying lens:

_025
- f
f=0.25/2=0.125m (form=2)
= 025
f

f =0.25/4 =0.0625m (form=4)

Objective lens should be 4.0 x
Eyepiece lens should be 2.0 x

"=(7)(7)

12 = (0.0L625) (ogizzss)
| = 12x0.125x0.0625
0.25

L =0.375mor 37.5cm
17. Ans. 0.6mJ

When the polarizer rotates with angular velocity w its instantaneous principal direction makes
angle wt from a reference direction which we choose to be along the direction of vibration of the of

plane-

polarized incident light. The transmitted flux at this instant is ¢, cos? ot and the total energy

passing through the polarizer per revolution is

fOT ¢ cos? wt dt
T=2n/0

= @om/w
=0.6 m/

www.allen.in
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18. Ans. 30°

—

=
=
d D

7
e

Let Iy = intensity of the incident beam.

1
Then the intensity of the beam transmitted through the first Nicol prism is /1 = > Iy

1
And through the 2nd prismis I = > Iy cos? ¢
Through the Nth prism, it will be In- In.1 cos2f
1
=3 Io cos?W=1 ¢

1

Hence the Nt prism, it will be In/lo = h = E cos@V-D b
=0.12forN=6
And ¢ = 30°
EXERCISE - JEE (Main) PYQ
1. Ans. (2)

When polaroid is at Angle 30° with beam 4, it makes 60° with beam B
By malus law
I4 cos? 30° = [z cos? 60°

Ig 1
= — ==
IB 3
2 Ans. (4)
E2C £
wE g 4mr?

On putting value we get
=245V/m.

3. Ans. (4)
do 1.222

d; d
_1.22x500x10~

0.5x10 2
do=1.22 x 25 x 10-6

do =30 um

9

d, X 25x 1072
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4. Ans. (4)
Spot size (diameter) b = 2 (
az+AL-ab=0 ..(i)
For Real roots b2 - 4LA >0
bmin = V4L
By equation (i)
a=+VaL
5. Ans. (4)
In diffraction
dsin 30°=A

_d
r=3

AL

%)+2a

Young's fringe width
[d' - separation between two slits]

AXD
b=
-2
d _ 50x10
-2_4
107% =5 % —a
1076%x50x1072
10-2=
2xd’
d' = 25um
6. Ans. (2)
1
Velocity of EM wave is given by —
NS
w
Velocity in air = = c
c
Velocity in medium = >
1
ET'l Cc
Eslchs
€1y 2
€y 1
= —— ==
€, 4
7. Ans. (4)
Eo=BoxC=100x10¢x3x108=3x10*N/C
8. Ans. (4)

If we use that direction of light propagation will be along E x B. Then (4) option is correct.
Detailed solution is as following.
Magnitude of E = CB

E=3x108x 1.6 x 10-6 x /5

E=48x10/5
E and B are perpendicular to each other
— E.B=0

= either direction of E is{— 2j or —i + 2j

From given option

Also wave propagation direction is parallel to E x B whichis —k
=  Eisalong (-1 + 2j)
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9.

10.

11.

Ans. (4)
For diffraction

Location of 1st minima
yi =22 = 0246902 QT
Location of 2nd minima

y, = 2%1 = 0.4938D1

Now for interference
Path difference at P.
d
2 _ 482
Path difference at Q
da
Y = 9.61
D
So, orders of maxima in between P and Q is
56,7,8,9

So, 5 bright fringes all present between P and Q.

Ans. (2)
96
Prefracted = mp

= KA} = K1A2

100
96
= nAl= 100r1A2

96
100

64
A = /100 X (30)2 = 24 V/m

Ans. (1)

c<Ip

= A?= X 3 x (30)2

Here iy is "brewster angle"
and c is critical angle
sing < sin ip

Since tan i,

1.5
= ‘uorel = 7

1 1.5

n = JiZ+(15)2

1.5

Ju2+(1.5)°

siniy, =

y2

w2+ (1.5)% < (ux 1.5)?

Ju?r x (1.5)2 < 15xpu m

3
V5
slabp=1.5

U<

[82]
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12. Ans. (3)
F=qE+3xB)
E= E, (%) COST
i+j
=_E,—
"2
As ExB=¢
+Eo (%)x B=ck
5-_ (=)o
= B=-(3)3
N i-l-j vak o
F= q<—E0(ﬁ) — =2 (l—j)E0>
. Vo
Since - <<1
Fis anti llel t )
= is antiparallel to NG
13. Ans. (1)
E=k
B =2i-2j
5 B 2i-2j
= B=—==
Bl — 22
= B=50))
Direction of wave propagation=C = E x B
A o~ 1
¢ =kx|=ap)
ﬁ( )
.1 . -
C=—(kxi-kxj
ﬁ( ),
. 1
C=—(0+]
ﬁ( ),
14. Ans. (3)
F = q(V x B)
Fi=4 [05 ix B (Hj) (K” 0)]
1= 4m [0.5¢ci X By {—— | cos | K.+
F, = 21|0.5ci x B (Hf) (K 3 0)
) = TL'[.Cl o{—5—Jcos| K. ]
cost=-1, cos3n=-1
F
1 _H
F;
15. Ans. (1)
Speed of wave = 0 108m/s
3x108
Refractive index = =
08
Now refractive index = /&1,
= 3=,&1)
= &=9
www.allen.in [83]
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16. Ans. (1)
E, =540 sin 7t x 104(x - ct) Vm-1
Eo =540 Vm-1

Eo 540 7
By=—=———=18x%x10"'T
C 3x108

17. Ans. (4)

1
<uE>=<UB>=E< Utotal >
o (ug)

(Utotal)
18. Ans. (462)
d=2.5mm,D=150cm

Fringe width § = %)

S

1
2

Let nth bright tringle of 4; match with mt bright triangle of 1,
= npy =mfp,

oy e B2 5500
M= = T 2, T 7000
n_11
m 14

Distance where bright fringe will match
11 X 70004° x 150cm
0.25cm

:nﬁlz

=462 %1075
19. Ans. (2)
Snell’s law p; sin 45° = y, sin 30°

1 b

Ha

=
N
|
~
=
|
5
/
wul
___y () SR o R —

Frequency doesn’t change on change in medium.
20. Ans. (3)
DA

Fringe width (f) = —

d
B h
b1 M
B2 600nm
2mm  400nm
=
21. Ans. (2)
As for first minima
asinf=»x
= asin30°=600 x 10-°
= a=1200x10°m
= a=12um

- =

3
2
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EXERCISE - JEE (Advanced) PYQ

Ans. (B)
Imax 2 (T
—, = I, 0 COS (z Ax)
2(T )= 1
cos (le) =5
T 1
cos (Iﬁx) = i—z
nA + T
1 x = nmw + 2
ax=(n+3)2
Ans. (ABC)
DA
B=-7T
B2>P1
Dll DAZ
y=m= T =me gt
nDXA, ,  1\DA4
d (n E)T
1
— / -
- 600n_(n +2)><400
Ans. (3)
x1=Vx? + d?

4
xz=§\/x2 + d?

X1

Ax=(§—1)\/x2+d2 =ni
l\/xz +d?> =nl

3

(x2 + d?2) = 9n2)2
(P=3)

Ans. (BC)

X2

Path difference at point 0 = d = 0.6003 mm = 600300 nm, d = n\ = Ax

Ax=10004 +%

=  Minima form at point O

Line S152 and screen are | to each other so fringe pattern is circular

(semi-circular because only half of screen is available)
Ans. (CD)

AtpointP; ; Ax=d=1.8mm=3000A

Hence a (bright fringe) will be formed at P,

Now, A x=d cos 6 = n\

nAa
cosf=—
d

A
—sineAO:(An)E

www.allen.in
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A

dsin@
AO increases as 0 decreases

46 = —(4n)

At P, the order of fringe will be maximum.

For total no. of bright fringes d = nA = n =3000

Total number of fringes = 3000
Ans. (C)
(A) Ax=dsina
=do (as a is very small)

.36 _
a=1g5=(2x10 Hrad
Ax  (3x107%)(2x1073) .
A 6x10~7 -
So constructive interference
DA
B p==r
_ dy
(C) 4xp, =da+ ik
=3x1074(2x1073 + 11 x 1073)
=39x10~7

Axp  39x1077

T T exio—7 - 6.5 so destructive

(D) Ax, = ‘j')—y =(3x107%)x11x 1073

=33x1077

Axp  33x1077
= = 5.5 = destructive

A 6X10~7

Ans. (A)

Converging
Diverging
Converging

Answer is (A)

[86]
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8. Ans. (BD)
2 2o 1
S=[EXB]—
[E x B]

S is pointing vector denotes flow of energy per unit area per unit time

= watt
S=—7
m

Hence B, D are correct.
9. Ans. (AD)

E(2i + )
C(k)
B
1 14
Cmedium = 5><7—0 = 1.5 X 108 I’TI/S L. I.lz 2
107 /3
E E  30\5 y
Credium= — > B= —=———"—=2./5 1077
g C, 15x10° v5x ,
i-i P t.amEF1
adirection EI:'X(ZIA_'_}) = 2]_1 i 2
J5 0 !

>X
2
7
§=2x107(—i+2j)sin[27(5x1017t—%zﬂ /

JEE (Main) Practice Paper

SECTION-A
1. Ans. (2)
. dq d(cv) av
dt dt dt
av g
at ¢
2. Ans. (4)
d
id = EO _c(liE

More the rate of change of electric field.
More is the displacement current.

3. Ans. (3)
. d¢ :
=gt i = dditE is up
d dE
d¢e _ ,dE
dt dt

dE R
= I is up; but E is down: E'is decreasing.

@

If we see carefully; both figure (a) and (b) are same.
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4. Ans. (1)
E
C

5. Ans. (4)

E — - -
Bo:?o and ¥ should be || to E x B

6. Ans. (3)

sini=b/c
sinr=d/c
sini=pusinr
u=b/d

7. Ans. (2)
1=11+12+2\/ECOSA¢
Ia=1+41+41x(0)
In=5I
Ip=1+41+4I(-1) =1
Ia-1p=41

8. Ans. (3)
L=11=4]

Inax= (VT +yT5)°
nin= (Y = I)”

9. Ans. (2)
dsin 6 =nA

nAa
-1<sinf=—x< 1
d

ni
—1<7<1
d d
—I<Tl<1
7 7

—Z<Tl<z

n=0,%1,+2,+3
10. Ans. (4)
Central bright fringe is a white spot. Surrounding CBF is a colourful pattern.
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11.

12.

13.

14.

15.

16.

17.

18.

Ans. (2)

DA
B=—

7\,R > 7\,(;

A > Ap

Ans. (2)

nDAR (n+1)DAp
a d

Ans. (4)

. 1
Path difference: Ax = (n + ?) A

(h+ ) -+ 1) =(n+3)2
Ans. (2)

At the mid-point of screen
I1 =4 Iy : coherent sources

I, =2 I : incoherent sources
Iq

I
Ans. (3)
11 = 41y = I: Constructive interference

1
L=1= Z : No interference.

Ans. (2)

[SzP + (p.z - 1) tz] - (Slp + (Hl - 1) tl) =nAi=0

(S2P-S1P)=(m-1)tai-(2-1) t2
=(2u-1)t-(n-12t
=-t+2t=t

dsin®=t

dtan0=t¢t

dy

- =

_Dt
—d
Ans. (4)

Iy

NS
NS
—
&l
N—

N
NS

Ans. (2)
Brewster's law
05 = tan-1(p)

www.allen.in
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19. Ans. (1)

Use Brewster's law

tani=pu=1i=>53°

20. Ans. (4)

2
0 for Il dark fringe is ;

2(600x10~9)2
s:(Q)D: ( ) = 0.006 m

a 4x104
SECTION-B

1. Ans. (153)

E=CB=3x108x510x10-9=153 N/C.
2. Ans. (15)

Given: Frequency of wave f=5 GHz

=5x10%Hz

Relative permittivity, €, = 2

and Relative permeability, p, = 2

Since speed of light in a medium is given by,

1 1
V= =
VME \IMrMO'ETEO
1 1 Cc

V = =
JHrEr \JHo€0 /M, Er
Where C is speed of light is vacuum
3x108  30x107

v= 7z 2 m/s
=15x 10" m/s
Ans.is 15
3. Ans. (8)
nwsing 3w
p= A 4 /
31 X
wSin @ = T V
sin? 8 A/3}:/4
1=l
. 231
i _ sin® _ 16
Iy 9m? 92 X 2
16
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4. Ans. (9)
2A4D
a
4.5cm

D
)l.lE

=4.5cm

When blue colour is used

-7
nin ot = A= 6= 6 x 10
6. Ans. (125)
Case-1:
(x+A/2)-(D-x)=A :
2x-D=\/2 X (D-x)
Case-2:
D-x)-(x+21/2)=A
D-2x-A/2=L\
D-2x=3)\/2
Lowest of the above two values of x is the answer.
7. Ans. (7)
SoP+x - (S1P++/(0.01)2 +x2) =0
(dsin® +x)2=(0.01)% + x2
(dsinB)2+2dxsinf=10*x1

® U
Yéoo

z®

A 4
A

2><1><10-2><x><%=10-4

1072 1
= X —
Y= x
5x 10-3 L
= X X
Y X
dy 51073 dx
at x2 dt
d 5 _ _
d—i’:—(os)2><1o3><1><103
= —% x 10?2 x 107¢ = -0.2 x 104
d
& 2x10s
dt
a=2,B=5
oa+pB=7
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8.

10.

1.

Ans. (50)

From figure we have

T
2 5x() )
s 1) G

On adding all the equation we have

1+2+434+....0

4 141\ 1
“I+-|\=)+=
9" "9\9/ 81

1 1 )
+—-—+—...0
9 1

41)
—]...©
9

-1/2

Ans. (500)

9DA 3 DA

— ——— =75mm,A=0.5x10-6
d 2 d

DA
=z [9 - 1.5] = 7.5mm,A=5x107

DA o
7 = 1mm,A=5000A
1XA
0.5x1073
Ans. (35)

nDA  mDA'

d d

=1x103

A np
n
ha=— A,
nz
Ad = 271( )t
¢ niA nz —ny

JEE (Advanced) Practice Paper

www.allen.in



Electromagnetic Waves and Wave Optics

ALLEN

2. Ans. (B)
For transparent media
= ur=1
n=vé&-ly
= n=+g,
g =n?
Ivefore = Iater = Since there is no loss
1 , 1¢C )
= ECEOEO = E;'SrEOE
E
> 2=+
E
B3 B? ¢
- 2 = =
2uo 2up n
By 1
= @ —=—=
B n
3. Ans. (ABC)
0E OB
ox ot
0B 1 0E
dx  C? ot
E
& —=C
B
1011¢
A)  Eur- {
(A) Bax=o1 e . 1010¢ 4+ 150
1174 _
N E={10 (t ax)10
150 = 5% 10°°(t — ax)
11
E &(t — ax)
B==={ ¢
¢ 150-5%10"¢t—ax)
C
t-ox=cont. =>1-aC=0 .. a=z
(B) Atx=3x10m
9
(1011 <t _ 3X108> — 10 (¢ — 10)
3x10
E=
{ 3x10°
150 —5x 101°( ¢t — 5 =150 -5 x 10%°(t — 10)
k 3%x10
(C) Att=3ns
101 (3 x 1070 — —= 8) = 300 — 10
E= 3x10
- x 500x
150-5 x 1010 [3 x107° — 8] =3
3x10
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4. Ans. (ABC)

A)E=p/=161x108x———— = 0.324V,
(A)E=p/ x 1078 x ———2 /m

d .
(B) s = so% = SOA% = sOA% = eop% = 2.87 x 10-16 A,

B 1 2.87x10716 _
(OBaxl=>—2=2_2"""— _787x107®
B I 100
5. Ans. (ABCD)

After refraction, E, rotates by 30°.

Its component becomes along the reflected light '1".

Ray 1 is completely polarized.
= Ray 2 is partially polarized.
Similar argument applies on ray 4 and 3.

6. Ans. (BC)
E
O AI_,C

¢ Observer

/” Dust

Z ® particle

Also; for the observer

B has to be horizontal

E

C
7. Ans. (ABC)
tan (90°-i)=pu=1.5

2
tani=—
3

8. Ans. (AC)
D
Shift: Ay = F] (u - 1)t

Shift is towards A
9. Ans. (AD)

B = %E sin(mx — 37 % 108t) = 10~°Tk(sin(x — wt))
¢=[BdA=2[]Bdx
=2x107° [flz sin(mx — wt) dx]

Cob2]l o105
=2x107° [— cos ¢ )ll] - =2x10 [2coswt] = A 105 cosw
T T T
o= % = —%x 1075 x 37 x 108 sinw £ = ~12000 sin ot
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10.

11.

12.

13.

14.

Ans. (AC)
oF = 2’%0(1 —cosf) x2

dép _ .
E0 th =lg

ig= C(li—?(l — cosf)
Since Q is decreasing = i(1 - cos 0)
iqis to left.
$ B.de = po(i + ia) = po[i - i(1 - cos 0)]
B x 21a = poi cos 0
£/2
/2
4

= pol X
a’+
2 P2
4ma |a +T
Ans. (BC)
dv

F=—QEolsmmt=mE
t

B =

E
v = —bcoswt
mw

0

_ QEy .
—m—wo(l—coswt)]

e E ~

B = Tok sin(kx — wt)

Atx=0

o Eg+~ .

B = _Tk sin(wt)
2.2

Q" Ey

mwgc

T

QU xB =—

T
Il

i (sin ot - sin ot cos wt)

2.2
_ Q"Ey cos2wt
av — m(l)oc 2w
T

Ans. (ACD)

DA
B=—

At CBF all the wavelengths produces their maxima
For CBF, Ax = nl
n=0
Ax=0
Ans. (ABD)
_ DA

B==3
Angular fringe width: w =
Ans. (BD)

_ DA

B=
Positions of minima : y, =(n + %) DA

0

SRS
Q>

d

www.allen.in
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15. Ans. (D)
net = t(L-1) +dsin 0 - d sin 0 = nl
16. Ans. (A)
For CBF to be at O

AXnet = 0 and e' = 0
dsin®=(pn-1)t
17. Ans. (C)

4

"I (Intensity)

T 3t 5t 7n 9=n A&)
18. Ans. (A)

(A) Central maxima will shift upward

B =%1= 0.8mm

No. of fringes crossing central maxima
_D/d(u-1t  (u-Dty
~ DAjd A

= 5000

A—> QRS

(B) Ax=(u-Dt-(-Dt2=[(2-1)x2-(3-1)x1]x103
Ax=0
Central maxima at C

B =%1= 0.8mm

B—> PR
(C) Ax=(u-1)ta+ (M- Dtz - (M2 - Dt
=(3-1)x4x107% =2x1073
Central maxima above C
B=DA/d=0.8mm
No. of fringes crossing central maxima
(uz—1)tz  0.5x4x1073
T T ax1077

= 5000

19. Ans. (C)

(A) Ax=(us-1)t=(2.5-1)x 1.5 x 10-6
Ax=15x%x1.5x10-6
Ax=225x10%=(n+ %) 5% 1077
22.5 = (n+0.5)5
45=n+0.5
n=4

(B) Ax=(pa-1)ta- (pc-1)tc

=[(1.5-1) x5~ (2 -1) x 0.25] x 10-6
Ax=(0.5x5 - 0.25] x 10-6= 0
CBF is obtained at P
(C)  Ax=(pa- Dta-{(ps- Dtz + (uc- 1t}
(D)  Ax=[(pa-Dta+ (e - 1tc] - (us-1)ts

[96] www.allen.in



Electromagnetic Waves and Wave Optics ALLEN

20. Ans. (A-P,R,S,T), (B-Q,R,S,T), (C-R), (D-P,R,S,T)
(A) SiP-(S:P+dsina) =nhk
dsinf-dsina=0
0=a
After introduction of sheet

-(u-1)t+dsinb-dsina=0 4}”
when0=0,- (u-1)t=dsina /451

not possible

¥R = —
b d
1
*dsin®-dsino = (n+5)k: Minima
*Putn =0 in above equation

A
dsin®-dsina = E: Least order minima

(B) *SiP+ (- 1)t-[S2P+ (n2- 1)t] = nk
dsin O+ (1 - w2)t = ni
n=0
dsin 0 =-(p1 - w2)t
zero order max. lies below O
*dsinO+ (W' -1)t' - (L2-) t=0
for 6 = 0°
(W -1t = (2 - )t
* — —
=73
* Point O can be minima

* Point O can be least order minima
(C) *SiP-[S2P+ (u-1)t] =nh

dsin®-(u-1)t=0:CBF
-1)t
Sinez(u ) :CBF
_ DA

(D)
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