Assignment 1 (ANSWER KEY)

1 MARK QUESTIONS
Ar=V[AZ+ A2 +2A 1 A c0s0]
=V[AZ+ (2A) 2+ 2A x 2Acos /3]
=V7A
The resultant intensity at a point where phase difference is ¢ is
Ir=11+12+2[VI112]cosd
| R = | + 41 + 2[V1.41] cosd = 51+41 cosd
When ¢=0, | R = 51+41 cos0 = 9l.
Whenp=M4,0=n/2
Therefore, | = 41 g cos 2 /4 = 41 ¢ x 2 = 21 o = k/2.
When p = M6, ¢ = /3 50 1=1 g cos 2 /6 = 31 ¢ /4.
Intensity at any point of an interference pattern is given by 1=2 | o (1+cos ¢)
Where | ¢ is the intensity of either wave.
Here ¢ p=0,
Oo=2mp/r =2 (W4) /% =900
Therefore, 1 p /1 g=[1+ cos ¢ p] /[1 + cos ¢ q]
=[1+cos0]/[1+cos90r]]
=[1+1]/[1+0]=2/1=2:1
Here A 1 =630 nm, 1 = 8.1mm,
B2=7.2mm,A=?
Fringe width, B=D A/d
Bol/Br1=A2lh1
Therefore, A 2 =[B2/P 1] X A1
=7.2mm/8.1mm x 630nm = 560nm.
Here,  =2.0mm, p=1.33
Refractive index of liquid,
p = wavelength of light in vacuum/wavelength of light in liquid =A v /A 1
A =NMu

Fringe width in air,
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B=Dwd

Fringe width in liquid,

B=DA/d=DNdu=p/p=2.0mm/1.33 =1.5mm
X=ni:D/d=(n+1)r.D/d

nti=(h+1) i

n=3

therefore, x =3D A1 /d = 12mm

In first case, X =D 1 A1 /d

In second case, X =D 212/ d/2

Therefore, D1A1/d=D2A2/d/2

D1/D2=2-X2/A1=2x600/400=3/1=3:1

position of 1 * minimumx ;=D A/d

Slit width d=0.24 mm

Angular width of central maximum

20=2A/d

dsin6 =%

D=13x10%m

Frequency is the characteristics of the source while wavelength is the characteristics
of medium when monochromatic light travels from one medium to another its speed
changes so it’s wavelength changes but frequency remain same.

1. The two rays must be continuous.

2. They should have a constant or zero phase difference.

B=DAA/d

As the separation D between the two slits decreases French width increases

When the distance between the slit and the screen is double the angular separation
remains unchanged

spherical wave front

Path differenceA = [2n + 1] 1. /2

Wheren=0,1,2.....

Both the fringe width and angular separation decreases.
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MCQ ANSWERS

ANSWERS OF 2 MARKS QUESTIONS
Fringe width = DA / d = Dc/dv

i)When D decreases fringe width decreases.

if) When the frequency v is increased fringe width increases.

(a)(i) Distance of nth bright fringe from central maximum = nDA/d = 6mm

(ii) Distance of nth dark fringe from central maximum = [2n-1]DA/2d =4.5mm
(b) when D increases fringe width increases

(i)Light is emitted by the individual items and not by the bulk of matters acting as a
whole.

(i) Even the tiniest source consists of millions of atoms and the emission of light by
them takes place independently.

(iii) Even an atom emits and unbroken wave of about 10-® second due to its transition
from higher energy state to lower energy state.

The millions of atoms of a source cannot emit wave in the same phase. The face
difference and hence the interference pattern changes 10 times in 1 second. Our eyes
cannot see such rapid changes and a uniform illumination is seen on the screen. So

independent light sources cannot produce a sustained interference.
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In an interference pattern the average intensity is at the point of maxima and
minimum are such that
I(average) o a12 + ax?
If there is no interference between the light waves from the two sources then the
intensity at every point would be same that is
=11+ 2 0a1?+ a2
Which is same as | (average) in the interference pattern. So, there is no violation of
law of conservation of energy in the interference.
Fringe width is inversely proportional to distance between two slits.
(i) when the two coherent sources are placed in finitely close to each other the fringe
width becomes very large. Even a single fringe may occupy the entire screen. The
interference pattern is not observable.
(if) as the distance between the sources is increased the French with goes on
decreasing. At very large separation it becomes too small to be detected. The
interference pattern cannot be observed.
Fringe width =DA/d = Dc/dv

(i) wave length of light in water decreases so fringe width decreases.
(i)When light of small frequency is used, fringe width increases.
Fringe width p=DA/d
MlA=B1/PB2

A2 = A2 [ B1=7.2 x 630/8.1 = 560nm

B2 _ Daz/ad
B1 DAl /d

B2=[7500x 0.8] / [2x6000] =0.5mm
Ratio r=ai/a; = V[I1/ 12] = \[4/ 9] =2/3
tmax = [r+1]2 = 25:1

Imin r—1

A=6000A, a=1x10*m,D=15m
The distance between two dark lines on either side of central maximum =
width of central maximum= 2AD/a = (2x6000 x 1010 1.5) / (1 x 104
=1.8 x 10?m=1.8cm

= Aol 2141



3 MARKS QUESTIONS ANSWERS

If v, and v, are the speeds of ight in media 1 and 2 respectively, then distance
travelled by light in a small ime internal T in two media will BC = =T and
AE = v,T res]:-ectivelv.
= ’ ) I Incident wavefront
o AdEC.  ain i BC Uit i \
n .S g = 2 Z——— )
AC G {
. AE _ ¥sT y Vet

In AAEC., sin r === - iz !

A AC - vy

Combining equations (z) and (22), we get Medium 1

L o P ry - —c P
e L=y Medium2 | N 2o —

siny | v, H2 i

Sin Y Vg ! Refracted

The above relation 1s known as Snell’s law. Vi < Wy E wawvefront

41. A wavefront is the locus of all points oscillating in same phase.

A figure showing reflection of a plane

wavefront using Huygen’s construction is Incident wavefront

~-D/Reflected
wavefront

given below. In the figure AB is incident

wavefront and CD is reflected wavefront.
If v is speed of the wave in the medium and t is i F

P Pa";’a”fﬁb’fﬁ'h’x’h’fﬁ}’fC/x’x’ffffﬁ
the time taken by the wavefront to cover

distance BC, then

BC = ut
Obviously. AD =
As AABC and AADC are congruent.
: L= Lr
42
. A0
(nven: v = i—f .-p+
: 3d S, ¥
yd on ov

) ok L Ah = 2T
As EE.P—F :,‘=.£P—E or jd]—?} +Sz

2 | ':’]'1:2 j _______________
I = 1I;cos” A = I (l‘.t}!-i. ‘"T] _TD - D >



44. When a plane wavefront is incident on a single slit, all the point sources of light constituting
the wavefront are in same phase. The wavelets coming out from the wavefront might meet over
the screen with some path difference, i.e., a phase difference is introduced between them.The
brightness at a point on the screen depends on the phase difference between the wavelets
meeting at the point. We imagine that the slit is

Intensity (1)
7/

divided into smaller parts and the wavelets

coming out from these portions meet and \ \¢: 1A
- / / XL Ny

superpose on the screen with proper phase —2nfa —hfa O Aa  2h/a

. Angle (0)

difference.

The wavelets from different parts of the wavefront, incident on the slit, meet with zero phase
difference to constitute a central maximum. In case of secondary maxima, there are some

wavelets meeting the screen out of phase, thus, reducing intensity of secondary maxima.

45.

The resultant intensity 1s given by
I, =1, +1,+ 2,/ 5L, cos §. where IN=11,=1+ of

At maxima, cos ¢ = 1

Tmax = 1 + 1 + 81 + 2/ I(I +3I)
I = 21 + 21 = 41 e
At munuma. cos § = -1
Ty = 1+ 1+ 81— 2/1U+8D)
Neglecting the higher power, we get I, = i(ﬁ)_ _ 1 (af)”
i s\ 71 T 7

46. Linear width of central maximum p=2DA/d

Angular width of central maximum p/D = 20/d
(1) When slit width d decreases, angular width increase.

(i)  When distance D between the slit and screen is increased, angular width does
not change.

(iii) ~ When light of smaller wavelength is used, angular width decreases.

47.2=550 nm,d=0.1mmD=11m, 0 =?,B="?

using o = 26=2)/d, we get o=.011 rad



using p=2AD/d ,we get p =12.1 mm
When the screen is moved to 2.2 m from the slit, the angular width will not change,

linear width will increase.

48. Diffraction of light is the phenomenon of bending of light round the corners of an opaque

obstacle and spreading into the regions of the geometrical shadow.

49.

Diffraction Interference

The phenomenon of interaction of light The phenomenon of non-uniform distribution

coming from different parts of the same of light energy (wave) due to the superposition

wave front is called diffraction. of coherent sources of light is called
interference.

In diffraction, the widths of fringes are not | In interference, the width of fringes are equal.
equal.

Bands are very less in number. Bands are very large in number.

Dark fringes in diffraction are not Dark fringes in interference are perfectly dark.
completely dark.

A=6000A, a=1x10%m,D=15m
The distance between two dark lines on either side of central maximum = width of central

maximum= 2AD/a = (2 x 6000 x 10% 1.5) / (1 x 10%)
=1.8 x 10?m=1.8cm



. } AP
L.e. sin B = -

From AQOO', tan 6 = %

For a small angle, sin 6 ~ tan 8 1e. AP = %

For bright fringes, AP = ni

¥ a y
i . . nid)
Thus, — =ph =¥ =
D n i
; . A
For dark fringes, AP = (2n - 1)
Va 2 , (2n —1)Di
Thus, =m-1l)==VY, = —7F
L 2 n 2a
The separation between two consecutive dark or bright fringes 1s called fringe
width.
: . ni  (n=1)AD D
1.e., p=Y -F = - = —
n m-1 il i I
Here § 1s the fringe width.
g g . i 4 Il
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5 MARKS QUESTIONS

50. (a) According to the Huygens’s principle, each

Rarer medium
speed of light v,

T
I
1
Denser mediumi

n
speed light v, it, ?

point of the wavefront is the source of secondary

disturbance and the wavelets emanating from these

points spread out in all directions with the speed of

the wave. A common tangent to all the wavelets in v

the forward direction gives the new position of



wavefront at a later time.

From AAEBE', sin: = 1B 1B (&)
. 44 Vs %l .
From AAA'B', sinr = W= :_1 T .(22)
sin ¢ _ Y
sin r Uy
. i (
We know n, = 7~ and n, = ——
1 - v2

- - - 5L nd :
where n, ancd #, are the refractive indices of the 17 and 27 media.
So, My S 2 = Mg SIO T

which 15 Snell's law of refraction.

(b) (i) Frequency remains the same. When the light of particular frequency is incident it interacts
with the atoms of the matter, which further causes forced oscillations. As the frequency of
charged oscillator and the frequency of wave emitted by charged oscillator is same, therefore the
frequency of reflected and refracted light is same.
(ii) No, energy carried by a light wave does not depend on its speed. Instead it depends on its

amplitude.

51. (a) (i) ‘Two independent monochromatic sources of light cannot produce a sustained
interference pattern’. Give reason.

(i) Light waves each of amplitude a and frequency n, emanating from two coherent light sources
superpose at a point. If the displacements due to these waves is given by y1 = a cos t and y> = a cos
(ot + ¢), what is the phase difference between the two, obtain the expression for the resultant
intensity at the point.

(b) In Young’s double slit experiment, using monochromatic light of wavelength, the intensity of

light at a point on the screen where path difference is, is K units. Find out the intensity of light at

A
a point where path difference is 3 '

52.
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When waves from the slits meet at
a point on the screen with same
phase. the maxima are obtained
and with a phase difference of
. the muunmima are obtained.

Accordmg tothe Young'sexpermment,

the path difference between the
waves 1s given by

AP = 5,0 — 5,Q = S, M Screen
« 5 »
1.e, sin B = -
' ¥
From AQOO'. tan 8 = i)
For a small angle, sin 6 ~ tan 8 1.e. AP = %
For bright fringes., AP = nl
¥ 9
7 o . nAD
Thus., D= nh = In = -
For dark fringes. AP = (2n — 1) q
1";,-1 - T yr (2n — 1104
Thus, D = (2n— 1.3? =Y, = 9
The separation between two consecutive dark or bright frimges is called fringe
width.
: - _ omiaD (-1)AD  3p
1€, P= Yo -Yo, = a 7 T
Here B 1s the fringe width.
. . JTuliu g I]
Caven: For an interference pattern, 7 =95 I = ?
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2 — =1
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