1.

Wave Optics

Following figure shows sources S, and §, that emits
light of wavelength A in all directions. The sources are
exactly in phase and are separated by a distance equal to
1.51.If we start at the indicated start point and travel
along path 1 and 2, the interference produce a maxima all
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(a) Path1 (b) Path2

(¢c) Any path (d) None of these

In a Young’s double slit experimental arrangement shown
here, if a mica sheet of thickness t and refractive index u
is placed in front of the slit §,, then the path difference

($1P=5,P)

(a) Decreases by (1 — 1)t Sis

(b) Increases by (u—1)t s |1

(¢) Does not change ” P
(d) Increases by s Slit Screen

In the set up shown in Fig the two slits, §, and S, are not
equidistant from the slit S. The central fringe at O is then

/i Sl
§ e 0
(a) Always bright I
e Se
(b) Always dark I

(c) Either dark or bright depending on the position of S
(d) Neither dark nor bright.

The intensity ratio of two coherent sources of light is p.
They are interfering in some region and produce
interference pattern. Then the fringe visibility is

(@) L2 ) 2P
24/p l+p
© -2 @ 22
1+p 1+p
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10.

Three waves of equal frequency having amplitudes 10 zm,
4um, 7um arrive at a given point with successive phase

difference of %, the amplitude of the resulting wave in

um is given by

(@ 4 ) 5
(c) 6 @ 7
Four different independent waves are represented by
i) y, =a,sinot (i) y, =a,sin2wt

(iii) y; = a5 cos wt (iv) ys =ay sin[a}t + %]

With which two waves interference is possible
(a) In (i) and (iii) (b) In (i) and (iv)
(¢) In(iii) and (iv) (d) Insufficient
predict.

A beam of light consisting of two wavelengths 650 nm and
520 nm is used to illuminate the slit of a Young’s double
slit experiment. Then the order of the bright fringe of the
longer wavelength that coincide with a bright fringe of the
shorter wavelength at the least distance from the central
maximum is

data to

(@ 1 (b) 2
(© 3 (@ 4
Two identical radiators have a separation of

d = 1/4 where A is the wavelength of the waves emitted
by either source. The initial phase difference between the
sources is 7 /4. Then the intensity on the screen at a
distant point situated at an angle 6 =30° from the
radiators is (here 7, is intensity at that point due to one
radiator alone)

@ 1, (b) 21,

() 31, (d) 41,

In Young’s double slit experiment, the 8# maximum
with wavelength 4, is at a distance o, from the central
maximum and the 6# maximum with a wavelength 1,

is at a distance d,. Then (d, /d,) is equal to

A A A
@ 4%] ® 3(2]

3(4 3(4
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4\ 4 4\ 4,
Light of wavelength 500 nm is used to form interference

pattern in Young’s double slit experiment. A uniform
glass plate of refractive index 1.5 and thickness 0.1mm is
introduced in the path of one of the interfering beams.

The number of fringes which will shift the cross wire due
to this is

(a) 100 (b) 200
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(c) 300 (d) 400

The two coherent sources of equal intensity produce
maximum intensity of 100 units at a point. If the intensity
of one of the sources is reduced by 36% by reducing its
width then the intensity of light at the same point will be

(a) 90 () 89
(0 67 (d 81
The path difference between two interfering waves of

. .- . A .
equal intensities at a point on the screen is e The ratio

of intensity at this point and that at the central fringe will
be

(@ 1:1 (b) 1:2
() 2:1 @ 1:4
In a Young’s double slit experiment, /, is the intensity at

the central maximum and p is the fringe width. The
intensity at a point P distant x from the centre will be

(a) 1, cos% () 41, cos? %

(© 1, cos? 2 @ {T"cosz%

In a Fresnel’s diffraction arrangement, the screen is at a
distance of 2 meter from a circular aperture. It is found
that for light of wavelengths 1, and 4,, the radius of 4
zone for 1, coincides with the radius of 5% zone for 4,.

Then the ratio 4, : 4, is

@ 475 b) 574

() 5/4 (@ 4/5

If n represents the order of a half period zone, the area of
this zone is approximately proportional to »™ where m is
equal to

(a) Zero (b) Half

(¢) One (d) Two

A screen is placed 50 cm from a single slit, which is

illuminated with 6000 4 light. If distance between the
first and third minima in the diffraction pattern is 3 mm,

the width of the slit is

(a) 0.1mm (b) 0.2mm

() 0.3mm (d) 0.4mm

In Young’s double slit experiment, the fringes are
displaced by a distance x when a glass plate of one
refractive index 1.5 is introduced in the path of one of the
beams. When this plate in replaced by another plate of the
same thickness, the shift of fringes is (3/2)x.The

refractive index of the second plate is
(a) 175 (b) 1.50
(¢) 1.25 (d) 1.00
Two waves of equal amplitude and frequency interfere
each other. The ratio of intensity when the two waves

arrive in phase to that when they arrive 90° out of phase
is

M V2 :1

(a) 1:1
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() 2:1 @ 4:1
In Young’s double slit experiment, we get 60 fringes in the

field of view of monochromatic light of wavelength
4000 4. If we use monochromatic light of wavelength
6000 4, then the number of fringes obtained in the same
field of view is

(@) 60 () 90

(¢) 40 @ 15

A parallel plate capacitor with plate are A and seperation
between the plates d, is charged by a constant current 1,
consider a plane surface of area A/2 parallel to the plates
and drawn symmetrically between the plates, the
displacement current through this area, will be.

. i
(a) 1 (b) B

© ~

2 (d) None of these

The figure here gives the electric field of an EM wave at a
certain point and a certain instant. The wave is
transporting energy in the negative z direction. What is
the direction of the magnetic field of the wave at that
point and instant Y

5
(a) Towards + X direction E

(b) Towards — X direction

(¢) Towards + Z direction

e

(d) Towards — Z direction

The figure shows four pairs of polarizing sheets, seen
face-on. Each pair is mounted in the path of initially
unpolarized light. The polarizing direction of each sheet
(indicated by the dashed line) is referenced to either a
horizontal x-axis or a vertical y axis. Rank the pair
according to the fraction of the initial intensity that they
pass, greatest first
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) (i) (iii) @iv)
(@ @ >3d)>di) > Gv) (b) @) > @Gv) > (i) > (i)
() ()>di)>3)>3v) (d) Gv) > 3i) > (i) > (1)
An astronaut floating freely in space decides to use his
flash light as a rocket. He shines a 10 watt light beam in a
fixed direction so that he acquires momentum in the

opposite direction. If his mass is 80 kg, how long must he
need to reach a velocity of 1 ms—

(a) 9sec (b) 2.4 x 103 sec
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(b)

©)

(b)

(b)

2.4 x 10 sec (d) 2.4 x109 sec
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S Answers and Solutions

At any point along the path 1, path difference
between the waves is 0.

Hence maxima is obtained all along the path 1.
At any point along the path 2, path difference is 1.5 4

which is odd multiple of %, so minima is obtained

all along the path 2.
Path difference at P A =(S,P +(uu—1)t)-S,P

=($1P=S5,P)+(u-1)t

If path difference A = (SS: + S:10) — (SS2 + S-0) = nin
=0,1,2, 3, .... the central fringe at O is a bright fringe

and if the path difference A =(n—15] An=1,2,3,

..... the central bright fringe will be a dark fringe.

SNy
Visibility 7 = Jmax “lwin _ VA%
Imax + ]min (]] + 12)

2L 2P
I (P+1)
—+1
[2

The amplitudes of the waves are

a: =10 um, a= = 4 ym and as = 7um
and the phase difference between 1t and 2°d wave is

% and that between 27 and 3" wave is %

Therefore, phase difference between 15t and 3" is 7
Combining 1%t with 3, their resultant amplitude is
given by

Al =af +a32 +2a,a; cos ¢
or 4, =4/102+7% +2x10 x7 cos 7 = 100 +49 — 140

=9 =3 um in the direction of first.

Now combining this with 2rd wave we have, the
resultant amplitude

Vs
A% = A} + a3 +24,a, cos —
2

or A=32+4%4+2x3x4c0s90° =9 +16 = 5um

6.

7.
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12,

(d)

(d)

(b)

(b)

(€]

(d

(b)

(SET-30)

Since the sources are independent, interference will
not occur unless they are coherent (such as laser
beams etc). So, insufficient data to predict.

nf =@n+Dp,

- nx650 x10™° D (n+1)x520x107"° x D
d N d

=>n=4
The intensity at a point on screen is given by
I=41,cos*(p/2)

where ¢ is the phase difference. In this problem ¢
arises (i) due to initial phase difference of 7/4 and (ii)
due to path difference for the observation point

situated at @ = 30°. Thus

6= 2 dsing) =T+ 27 A sin309) = F o F -
4 4 24 4 4

NN

Thus %:% and I=41, cos*(z /4) =21,

Position of nth maxima from central maxima is given

AD
by x, =2
Y X, d
:>xnocnﬂv:>ﬁ=m=%=ii
dy, mi, 64, 34

The number of fringes shifting is decided by the extra
path difference produced by introducing the glass
plate. The extra path difference is (¢ — 1) t = n
or (1.5-1)x0.1x10™> =nx500 x10~
= n =100

. 100 .
Intensity of each source =/, = - 25 unit

If the intensity of one of the source is reduced by 36%

then 7, =25 unit and I, =25 -25 XET(:) =16 (unit)

Hence resultant intensity at the same point will be

I=1+1,+2JII, =25 +16 + 2425 x16 =81 unit

By using /=41, cosz(%] =41, cosz(%]
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Path difference at point P = %

Phase difference at point P = 27” %

I, =41, , intensity at point P

2
I=1 +1 +21 cos 2 —2p, {l+cos—ﬂx}
B B

Fa3
=1, cos? =

It is given that r, =/4b4, and 5 =,/5b4,

are equal. Therefore /4b4, =,/5b4,

or 4bA, =5b4,

18. (c) Resultant intensity /=41, cos’(4/2)

L cos’(¢, /2) B cos? 0 2

L cos’d,/2) cos’(90/2) 1

19. (¢) mA =n4, = 60x4000 =n, x6000 = n2 =40

20. (b) Suppose the charge on the capacitor at time t is Q, the
electric field between the plates of the capacitor is

0

E =—=—. The flux through the area considered is

&4

_9 4_0
bp=——.5
A 2 2g

.. The displacement current

i =& dfr =£0[LJ£=L.

A5 dt 2¢y ) dt 2
or 7 = I
2 21. (a) The direction of EM wave is given by the direction of
Area of half period zone is independent of order of - -
zone. Therefore, m is equal to zero in n™. ExB.
£ nth nAD 22, (b) Final intensity of light is given by Brewster's law
Positi o _ o
ostiion oL i minima v, d I=1, cos’ 0; where 0 = Angle between transmission
AD 2AD axes of polariser and analyser.
= ;-y)="—70C-D=—- . .. .
d d @) () (i) @{iv)

2x6000 x107'° x0.5
d

= 3x107% =

=d=02x10"m=02mm

Fringe shift is given by x = W

w -Dtp
A

_ (, =1D)1B
A

For first plate, x =

For second plate %x

A
’ \

6;{{,1 y y y
Hence decreasing order of intensity is (i) > (iv) > (ii) >
(iii)
23. (d) Let it take t sec for astronaut to acquire a velocity
of 1 ms~1. Then energy of photons = 10 t

Momentum = % =80x1

.o 80 x1x3x10°
10

=2.4x10° sec
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