Assignment 3-ANSWERS
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1.

Source
Wavefronts

2. Both reflection and refractions occur due to interaction of light with the atoms at the
surface of separation. These atoms may be regarded as the oscillators .Light incident
on such atoms forces them to vibrate with the frequency of light, so both the reflected

and refracted lights have same frequency as the frequency of incident light.
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5. No, it does not imply a reduction in the energy carried by the light wave.. The energy
carried by the wave depends on the amplitude of the wave but not on the speed of the
wave propagation.

6. It is determined by the number of photons incident per unit area around that point.

7. Intensity of maxima decreases and that of minima increases
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18.  Diffraction of light is highly pronounced If the size of the obstacle is comparable to
the wavelength of the light used
The linear width of central maxima o =2D 4 /a
(i) if slit with is half the width of the central maximum is doubled its area becomes 4
times and hence intensity becomes 1/4th of the initial intensity.
(i) if visible light of longer wavelength is used the width of Central maximum
increases and hence intensity decreases.

19. (i) When the screen is moved away from the slits , the distance D increases . Fringe
width increases but angular separation remains unchanged .
(if) The interference pattern becomes less and less sharp . When the source slit
becomes so wide that the condition is not satisfied , the interference pattern
disappears . But the angular width remains unchanged.

20. Following changes are observed
(i) In each diffraction order, the diffracted image of the slit gets dispersed into
component colours of white light . As fringe with higher wavelength is wider than
the violet fringe with smaller wavelength .
(i1) In higher order spectra , the dispersion is more and it causes overlapping of
different colours .

21. Intensity at any point of an interference pattern is given by 1=2 1 o (1+cos ¢)

Where 1 ¢ is the intensity of either wave.
Therefore, 1 p /1 g = [1+cos ¢ p] /[1+c0S ¢ q] = [1+cosm/3 |/ [1+cos /2]
=[1+1/2] / [1+0] =3/2=3:2



22.  Thedirections of different minima in diffraction pattern is given by
On=Xn/D
Also 6n=n A/ d
Hence Xnh=nAD/d
Width of secondary maxima = X, - Xn1= AD/d
Width of central maxima So = 2X1 =28
Thus the central maxima is twice as wide as any seconadary maximum.
Since the width of the seconadary maximum is inversly proportional to the slit width
hence as the slit width increases the seconadary maximum becomes narrower.
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23. 2=600nm , D= 0.8m

The distance of second order maximum from the centre of the screen = 15mm = 15X103m

nAi nAD

a=— =
sin 6 X

_ (2x600x10-9x0.9)

(52103 = 6.4x10->m

a
24,

(@) y3=n.Dnd
=3x1.2m x 6500 x 10-10m /2 x 10-3m
=0.12cm

(b) Let nth maxima of light with wavelength 6500 A coincides with that of mth maxima of
5200A.

m X 6500A0 x D/d = n x 5200A° x D/d
m/n = 5200/6500 = 4/5

Least distance = y4=4.D (6500A0)/d
=4 x 6500 x 10-10 x 1.2/ 2 x 10-3m

=0.16¢cm.



25. (a)

Interference Diffraction
It is due to superposition of two It is due to superposition of secondary
Waves coming from coherent sources. wavelets originating from different parts

of same wavefront.

Width of interference bands is equal Width of diffraction bands is unequal

Intensity of all fringes is same Central maxima is bright but intensity
decreases with increase in order of
maximum.

(b) given 2=500 nm & a= 0.2 mm,
we have o =2\ a, »=.005 rad
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26.

The wavelength of incident light should be
comparable to the aperture of the slit/
opemng or size of the obstacle.

We consider a single slit AB on which a plane
wavefront 1s incident. The slit width is so
small in comparison to the distance of the

screen from the slit that the ravs ccnniug
out of it. can be considered almaost parallel.

According to the Huygen's principle. each point on the slit
will behave like a fresh source of secondary wavelets. The
waves from the different parts of the same wavefront reach
a prznin[ on the screen and superpose to form a diffraction

P atter.

th — o 9

For n secondary minimum, a sin 8, = nd, wheren = 1, 2.3 ...
a sin 8 1s the path difference between the waves reaching a pomnt on the
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27.

We treat each point on the wavefront at the slit, as secondary sources [[_:sing
Huvgen's principle].

. . . Meeating at
As the mcomung wavefrontis parallel to point P
the plane of the slit. these sources are A
in phase [using Huygen's principle]. Sk >
The path difference between the waves \\ /
coming out frem the two edges of 2 X 9 e )
the slits is S,P — S, P = S,M. ' Meeting at

i 8 central point C
S,M = a sin 0 = 2 .Szl 5

Foranv two poimtsources, 5, and S, the

- B - e are takin arallel beam of light
plane of the shit having a separation [W ap 9

because angles are very small]

¥. the path difference would be

S P — 5P = _1|,:'E|' ie. AP =~ }18
As the minal phase difference 1s zero, the phase difference between the waves
1s introduced only due to this path difference.
For the central point on the screen, 8 = 0 = AP = 0
1.e. Ad = 0O
All the parts of the slit contribute in phase. So. the maximum intensity is
obtained at .

We can imagine as if the slit 1s divided into 2n parts.

The separation between two adjacent parts of the slit 1s
a/2n. For a separation of a, the path difference 1s ni. So.

for a separation of a/2n, the path difference between the
waves will be AP = & x a__ f—

_ ) a  2n 2

i.e. the phase difference, Adp = m will be there and the

a

waves will superpose destructively. We find the fl‘inges
of minimum mtensity on the screen.
th - - ' e Lo _ 6 =
For n= maximum, a smn 0, = (2n + 1) 5 where n = 1. 2, 3, ...

We can imagine as 1f the shit 1s divided into odd number of parts (e.g. 3. 5.
7, etc.).

- : \th - - -
In this case, only (Zrn+1) part of the shit illlununates the screen. This 1s the
reason why the intensity of secondary maxima falls rapidly.

The pattern given below shows the varation of mtensity (1) with angle (8).
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(a) According to the question,

1
.YR = zf:-
1 LD
X = — =
" 4 4

Path difference = —

Phase difference,

0 9 A o
. 4 2
z @ 7 I
1 = 4] cos- — =41 cos” — = 2]
o o [} 4 4]

(b) IfI, and I, be the mtensities of waves from the sources, then the net intensity will
bel =1, +1I,

; nh

ic) B,.= 102 vH =—

0 d "d

angular fringe width of 10™ maxima

8

-

8 i; (independent of n)

, : i axn R
(d) x,"° —x, " = ———(2x3-1)=

Therefore, dark fringe will be formed.

(1) = 27

Therefore, the colour of fringe will be bright red.



