Wave optics

ik . Previous Years' CBSE Board Questions =

10.3 Refraction and Reflectionof Plane ;| 72 A plane wavefront is incident on a surface
Waves UEng HU‘;«-’gEHS Drin Cip|E i separating two media of refractive indices n, and

n3 (> ny). With the help of a suitable diagram, explain

MCQ its propagation from the rarer to denser medium.

1 According to Huygens principle, the amplitude of |  Hence, verify Snell’s law. (2022€) ()

secondary wavelets is 8. A plane wavefront is propagating from a rarer into a

(a) equal in both the forward and the backward : denser medium. Use Huygens principle to show the
directions. refracted wavefront and verify Snell's law.

(b) maximum in the forward direction and zero in (Term Il 2021-22)

the backward direction. i : . F = :
{d) targe in the forward direction and small in the 2. Define the term, "refractive index” of a medium.
i Verify Snell's law of refraction when a plane

backward direction. i [ . ing F
{d) small in the forward direction and large in the | wav_ htIs propagating . dens&rr bk isherd
i medium. (Delhi 2019) (Ap)

backward direction. (2023) (R) :
i 10. Define the term wavefront. Using Huygens wave

2. A plane wavefront is incident on a concave mirror : Y ;
H theory, the law of reflection. Dethi 201
of radius of curvature R. The radius of the refractive verity fhe law of reficetion ( l 9

wavefront will be 11. Define the term wavefront. State Huygen's principle.
R R i Consider a plane wavefront incident on a thin
a] 2R bl R - d - i
(al (b) ( 2 (d) 4 convex lens. Draw a proper diagram to show how the
{2023) uj incident wavefront traverses through the lens and
H after refraction focusses on the focal point of the
BT 2 maric) :

lens, giving the shape of the emergent wavefront.
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Define wavefront of a travelling wave. Using

Huygens principle, obtain the law of refraction at a

P92,

plane interface when light passes from a rarer to a

denser medium.

(2020) :

Define the term ‘wavefront of light. A plane wave
front AB propagating from denser medium (1) into :
a rarer medium (2) is incident on the surface P4P;

separating the two media as shown in figure.

Using Huygens' principle, draw the secondary
wavelets and obtain the refracted wavefront in the :

diagram.

@

Py Py

@A

XTI (3 marks)

I;

B

A plane wave-front propagating in a medium of
refractive index ‘uy’ is incident on a plane surface
making an angle of incidence [i). It enters into a

medium of refractive index i, (u, > uy).

Use Huygen's construction of secondary wawvelets to
trace the refracted wavefront. Hence, verify Snell's :

law of refraction.

(2023) (Ev] |

Using Huygen's construction, show how a plane |
wave is reflected from a surface. Hence verify the !

law of reflection.

(5 marks)

What is a wavefront? How does it propagate? Using
Huygens' principle, explain reflection of a plane
wavefront from a surface and wverify the laws of |

15.

16.

17.
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reflection.

ORrR
Define a wavefront. Using Huygen's principle
verify the laws of reflection at a plane surface.

(2/5, 2020) :

(1 mark)

(2023) :

P 22

(2018) (Ag)
Define wavefront. Use Huygen's principle to verify :

the laws of refraction.

(a)
ray?

(b)
following cases.

(i) Light diverging from point source.

(i)

source is placed at its focus.

(3/5, A1 2017) i
Define a wavefront. How is it different from a

Depict the shape of a wavefront in each of the

P 24,
Light emerging out of a convex lens when a point

e @)

23.

(Al 2016)

Explain the following, giving reasons:

(i) When monochromatic light is incident on a
surface separating two media, the reflected and
refracted light both have the same frequency as
the incident frequency.

When light travels from a rarer to a denser
medium, the speed decreases. Does this
decrease in speed imply a reduction in the

energy carried by the wave 7 (2/3 Al 2016) [An)

Use Huygens principle to show how a plane

wavefront propagates from a denser to rarer

medium. Hence verify Snell’s law of refraction.
(A12015) (1)

A plane wavefront propagating in a medium of
refractive index ", is incident on a plane surface
making the angle of incidence i as shownin the figure.
It enters into a medium of refraction of refractive
index ‘s’ (mg > wy). Use Huygens' construction of
secondary wavelets to trace the propagation of the

refracted wavefront. Hence verify Snell’'s law of
refraction, (Foreign 2015)

(ii)

in a liquid of reference index w, the new fringe width
will be

p p

b - dl —
(a) B (b) pp {c) » (d) pz T
(2023) (R |

Young's double slit experiment is performed by using
green, red and blue monochromatic light sources,
one at a time. The value of the fringe width will be

maximum in case of light. (2020C) (R |

InYoung's double slit experiment, the path difference
between two interfering waves at a point on the

screen is %_1 being wavelength of the light used.

{2020)

If one of the slits in Young's double slit experiment
is fully closed, the new pattern has central

(2020) (Ag]

The dark fringe will lie at this point.

maximum in angular size.
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(i) Using Huygen's construction of secondary :
wavelets, draw a diagram showing the passage
of a plane wavefront from a denser into a rarer :

|
20BN @ mars
10.4 Coherent and Incoherent Addition :

26. (a) InaYoung's double slit experimental set-up, the

medium.

of Waves

(1 mark)

18. Define the term ‘coherent sources’ which are ©
required to produce interference pattern in Young's |

(Delhi 2014C) (1] :

double slit experiment.
10.5 Interference of Light Waves and
Young's Experiment
MCQ

19. In a Young's double-slit experiment, the screen is
mowved away from the plane of the slits. What will be

its effect on the following?

(i} Angular separation of the fringes.

(i) Fringe-width.

(a) Baoth (i) and (ii) remain constant

{b) (i} remains constant, but (i) decreases
{c) (i) remains constant, but (i} increases
{d) Both (i) and (i) increase.

the same point?
(a) 420 nm
c) 630 nm (d)

(b) 750 nm
500 nm

(3 marks)

A

30. (i) In a Young's double-slit experiment 55,-55;= 1

where S, and S, are the two slits as shown in the |
figure. Find the path difference (5;P - 5,P) for i

constructive and destructive interference at P.

(ii) What is the effect on the interference fringes
in a Young's double-slit experiment, if the :

{2023)

20. In an interference experiment, third bright fringe
is obtained at a point on the screen with a light of
700 nm. What should be the wavelength of the light :
source in order to obtain the fifth bright fringe at

e @)

25. Write the conditions on path difference under which
(i} constructive (ii) destructive interference occur in

Young's double slit experiment. {2020) IFE

intensity of the light waves from two coherent
sources are in the ratio of 7 : 1. Find the ratio
of intensity of bright and dark fringes in the
interference pattern.

(b) Monochromatic light of wavelength &00 nm
is incident from air on a water surface. If the

refractive index of water is i then find the
wavelength of the refracted light.

(Term I 2021-22) (Ap)

27. Ininterference of light, write the expression for the

intensity of resultant wawve if I is the intensity of light
wave from each slit. Hence, obtain an expression for
the intensity of resultant wave if the two sources are
(i} incoherent, and (i) coherent. (2021C)

28. The figure shows a modified Young's double slit

experimental set-up. Here 55; - 55, = A/4.
*p

L2, LTRSS P
521

Write the condition for constructive interference.
(1/2. Al 2019)

29. For a single slit of width “a’, the first minimum of the
(2023) |

21. In a Young's double slit experiment the fringe width
is found to be p. If the entire apparatus is immersed

interference pattern of a monochromatic light of
wavelength A occurs at an angle of A/a. At the same
angle of A/a, we get a maximum for two narrow slits

separated by a distance 'a’ Explain. (Delhi 2014) [ﬁ]f

i 36. (a) The ratio of the widths of two slits in Young's

double slit experiment is 4 : 1.
Evaluate the ratio of intensities at maxima and
minima in the interference pattern.

(b) Does the appearance of bright and dark fringes
in the interference pattern violate, in any way,
conservation of energy? Explain. (Al 2015C)

37. (a) Two monochromatic waves emanating from

two coherent sources have the displacements
represented by vy = a cos wt and y; = a cos (wt + ¢)
where ¢ is the phase difference between the two
displacements. Show that the resultant intensity
at a point due to their superposition is given by
| = 4 Iy cos” 9/2, where Iy = a”.
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31

32

35.

41.
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monochromatic source S is replaced by a source

of white light?

A beam of light consisting of two wavelengths
&00 nm and 500 nm is used in a Young's double slit

(2023) :

experiment. The slit separation 15 1.0 mm and the
screen kept 0.60 m away from the plane of the slits. !

Calculate :
i}
central maximum for wavelength 500 nm, and

(i)

the distance of the second bright fringe from the |

the least distance from the central maximum

where the bright fringes due to both the

wavelengths coincide.

(Term 11 2021-22) (Ag)

Briefly explain how bright and dark fringes are
formed on the screen in Youngs double slit :
experiment. Hence derive the expression for the :

fringe width.

(Term 11 2021-22) :
. {a) Ifone of two identical slits producing interference

in Young's experiment is covered with glass,
zo that the light intensity passing through it is
reduced to 50%, find the ratio of the maximum !
and minimum intensity of the fringe in the

interference pattern.
(b)

What kind of fringes do you expect to observe

if white light is used instead of monochromatic :

light?

Answer the following questions :

(2018) (Ap) '

{a) In a double slit experiment using light of
wavelength 600 nm, the angular width of the :
fringe formed on a distant screen is 0.1% Find

the spacing between the two slits.

(b)

Light of wavelength 500 A propagating in air

gets partly reflected from the surface of water. ;
How will the wavelengths and frequencies of :
the reflected and refracted light be affected?

(Delhi 2015) (Ag) |

Why cannot two independent

monochromatic :

sources produce sustained interference pattern?
(1/3, Foreign 2015) (U]

intensity of light at a point on the screen where :
path difference is 4, is K units. Find out the :
intensity of light at a point where path difference
(Deihi 2014) :

The ratio of the intensities at minima to the maxima -

in the Young's double slit experiment is 9 : 25.

is AS3.

Find the ratio of the widths of the two slits.

(2/5, A1 2014) (i) :

ib) Hence obtain the conditions for constructive
- Y
and destructive interference. (Al 2014C) (An)

BT (5 marks)

38.

(=]
o

40,

e @)

In Young's double slit experiment, deduce the
condition for (a) constructive, and (b) destructive
interference at a point on the screen. Draw a graph
showing variation of intensity in the interference
pattern against position "x' on the screen.

(4/5, Delhi 2016) [Ev)

{(a) Consider two coherent sources 5; and 5
producing monochromatic waves to produce
interference pattern. Let the displacement of
the wave produced by 5; be given by

¥; = a cosmt

and the displacement by 5, be

¥, = a cosfmt + ¢}

Find out the expression for the amplitude of the
resultant displacement at a point and show that
the intensity at that point will be

I= 4921.::15211:#’2.

Hence establish the conditions for constructive
and destructive interference.

What is the effect on the interference fringes
in Young's double slit experiment when (i) the
width of the source slit is increased ; (i) the
monochromatic source is replaced by a source

of white light? (Al 2015) (An)
(i} Two independent monochromatic sources of

light cannot produce a sustained interference
pattern. Give reason.

Light wawes each of amplitude "a” and frequency

(b)

(i)
"w’, emanating from two coherent light sources
superpose at a point. If the displacements due
to these waves is given by vy = a cos wt and
¥z = a cos (wt + ¢) where ¢ is the phase difference
between the two, obtain the expression for the
resultant intensity at the point.

Young's double slit experiment, using

monochromatic light of wawelength A, the

In

(b)

(i) the screen is moved closer to the slit,
{iii) the slit width is decreased?
Justify your answer in each case.
(Term Il 2021-22) (1))
In single slit diffraction, explain why the maxima at

E=(n+%li] becomes weaker and weaker as n
a

increases. State two important difference between
interference and diffraction pattern. (20220)
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10.6 Diffraction
(1 mark)

42,

In a single slit diffraction experiment, the phase
difference between the waves originating from the
two edges of the slit at the first minimum of the !

(20200) (1) :

diffraction pattern is rad.

B (2 marks)

43.

44,

XTI (3 marks)

44,

47.

Get More Learning Materials Here : i

How would the angular width of central maximum
of diffraction pattern be affected when (i) width of
the slit is decreased, and (ii) monochromatic light is :

replaced by polychromatic light? Justify your answer.

(20210) (0) | °%

In a single slit diffraction experiment, the width of
the slit is decreased. How will the (i) size (i) intensity
of the central bright band be affected. Justify your :
(2020) (Ag)
. Draw the intensity pattern for single slit diffraction

and double slit interference. Hence, state two |
differences between interference and diffraction :

(Al 2017)

ANSWET.

patterns.

(i) In diffraction due to a single slit, the phase
difference between light waves reaching a point :
on the screen is 5m. Explain whether a bright or

a dark fringe will be formed at the point.

(i) What should the width (a) of a each slit be to :
obtain eight maxima of two double-slit patterns !
(slit separation d) within the central maximum of
| 54,
(i) Draw the plot of intensity distribution in a :
(2023)

(i} State two conditions for two light sources to be

the single slit pattern?

diffraction pattern due to a single slit.

coherent.

(i) Give two points of difference between an |
interference pattern due to a double slit and a

diffraction pattern due to a single slit. (2022) (R |

In a diffraction pattern due to a single slit. how will : 55

be angular width of central maximum change, if
(i} Orange light is used in place of green light,

i 50,

&N
[y

e @)

{a) Explain the formation of the fringes due to
diffraction at a single slit, when path difference
of light waves from the ends of the slit on
reaching a point on the screen is (i) A. and (ii)
3a

>

Ib) Show the intensity distribution in the fringes

due to diffraction at a single slit.  (2021C) []}?

. How can you differentiate whether a pattern is

produced by a single slit or double slits? Derive the
expression for the angular position of (i) bright and
(i} dark fringes produced in a single slit diffraction.

{Term Il 2021-22)

A slit of width 0.6 mm is illuminated by a beam of

light consisting of two wavelengths 600 nm and

480 nm. The diffraction pattern is observed on a

screen 1O m from the slit. Find:

(i) The distance of the second bright fringe
from the central maximum pertaining to light of
&S00 nm.

(i) The least distance from the central maximum at
which bright fringes due to both the wavelengths
coincide. (Term Il 2021-22)

. In a single slit diffraction experiment, light of

wavelength & illuminates the slit of width 'a’ and the

diffraction pattern is observed on a screen.

(a) Show the intensity distribution in the pattern
with the angular position B8

(b) How are the intensity and angular width of
central maxima affected when

(i} width of slit is increased, and

{ii} separation between slit and screen isdecreased?

(2020) (Ey)

(a) Explain how diffraction pattern is formed due to
interference of secondary wavelengths of light
waves from a slit.

(b} Sodium light consists of two wavelengths,
5900 A and 5960 A. If a slit of width 2 x 10" mis
iluminated by sodium light, find the separation
between the first secondary maxima of the
diffraction pattern of the two wavelengths on a
screen placed 1.5 m away. (2019C) [npl'

Describe any two characteristic features which
distinguish between interference and diffraction
phenomena. Derive the expression for the intensity
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at a point of the interference pattern in Young's
double slit experiment.

normally on a narrow slit of width ‘a’ to produce a :

diffraction pattern on the screen placed parallel to &2

the plane of the slit.
Use Huygens' principle to explain that

(i} the central bright maxima is twice as wide as the
other maxima. i
(ii) the intensity falls as we move to successive :

maxima away from the centre of on either side.

(Delhi 2014C)

{5 marks)

A parallel beam of light of wavelength 500 nm
falls on a narrow slit and the resulting diffraction :

=
57.

5%.

&0,

Get More Learning Materials Here : i

pattern is obtained on a screen 1 m away. If the first : 3

minimum is formed at a distance of 2.5 mm from the :
centre of the screen, find the (i) width of the slit, and :
(il) distance of first secondary maximum from the

centre of the screen.

(3/5,2020) :

. In the diffraction due to a single slit experiment, :

the aperture of the slit is 3 mm. If monochromatic
light of wavelength 420 nm is incident normally on
the slit, calculate the separation between first order
minima and the 3™ order maxima on one side of the
screen. The distance between the slit and the screen

is15m.

(2/5, Delhi 2019) (Ag) :

(a) Ina single slit diffraction experiment, the width ; %

of the slit is made double the original width. :
How does this affect the size and intensity of :

the central diffraction band? Explain.

(b)

When a tiny circular obstacle is placed in the |

path of light from a distant source, a bright spot :
in seen at the centre of the obstacle. Explain ©

ity

(3/5, 2018)
Explain two features to distinguish between

the interference pattern in Young's double
slit experiment with the diffraction pattern §

abtained due to a single slit.
A monochromatic light of wavelength 500 nm

(b}

E &5,

is incident normally on a single slit of width :
0.2 mm to produce a diffraction pattern. Find
the angular width of the central maximum :

e @)

i 6L
(3/5, Delhi 2019) :

. A parallel beam of monochromatic light falls

Compare the interference pattern observed in
Young's double slit experiment with single slit
diffraction pattern, pointing out three distinguishing
(1/5, Delhi 2016) (An)

(i} State the essential conditions for diffraction of
light.

(i} Explain diffraction of light due to a narrow single
slit and the formation of pattern of fringes on
the screen.

features.

(iii} Find the relation for width of central maximum
in terms of wavelength '3’ width of slit 'a’ and
separation between slit and screen 'D.

(iv) If the width of the slit is made double the original
width, how does it affect the size and intensity

of the central band? (Foreign 2016) [Ev]

Using Huygens' construction of secondary
wavelets explain how a diffraction pattern is
obtained on a screen due to a narrow slit on
which a monochromatic beam of light is incident
normally.

Show that the angular width of the first
diffraction fringe is half that of the central
fringe.

Explain why the maxima atf = (n+% )E"- become
a

(a)

(b)

(c)

weaker and weaker with increasing n.
{Delhi 2015)

(a} Describe briefly how a diffraction pattern is
obtained on a screen due to a single narrow slit
illuminated by a monochromatic source of light.
Hence obtain the conditions for the angular
width of secondary maxima and secondary
minima.

Two wavelengths of sodium light of 590 nm and
594 nm are used in turn to study the diffraction
taking place at a single slit of aperture 2 = 107%m.
The distance between the slit and the screen
is 1.5 m. Calculate the separation between
the positions of first maxima of the diffraction

pattern obtained in the two cases. (Al 2014) Iﬁ.;ﬁ

Write three characteristic features to distinguish
between the interference fringes in Young's
diffraction

(b)

(a)

double slit experiment and the
pattern obtained due to a narrow single slit.

@ www.studentbro.in



abtained on the screen.

Estimate the number of fringes obtained in :
Young's double slit experiment with fringe width
0.5 mm, which can be accommodated within :
the region of total angular width of the central

maximum due to single slit. (Dethi 2017) @Hn

- ' -
- : CBSE Sample Questions /

10.3 Refraction and Reflection of Plane ! B (2 marks)

Wave Using Huygens Principle
XM (3 marks)

| 5.

1. Define wavefront. Draw the shape of refracted
wavefront when the plane incident wave undergoes
refraction from optically denser medium to rarer :

medium. Hence prove Snell's law of refraction.

(Term Il 2021-22) (1) |
- 10.6 Diffraction
- XM (2 marks)

(5 marks)

2. (a) Define awavefront.

(b) Draw the diagram to show the shape of plane
wavefront as they pass through (i) a thin prism

refracted wave front.

() Verify Snell's law of refraction using Huygens's

principle. (2020-21) :

10.5 Interference of Light Waves and
Young's Experiment

MCQ

and (i} a thin convex lens. State the nature of .

(b) A parallel beam of light of wavelength 500 nm
falls on a narrow slit and the resulting diffraction
pattern is observed on a screen 1 m away. It is
observed that the first minimum is a distance of
2.5 mm away from the centre. Find the width of

the slit. (Foreign 2014) (fp)

Two waves from two coherent X
sources 5 and 5 superimpose
at X as shown in the figure. If X
is a point on the second
minima and 5X - §X is 4.5 cm.
Calculate the wavelength of
the wawves.

5
@ &

(2020-21) (Ap)

Draw the graph showing intensity distribution of
fringes with phase angle due to diffraction through
single slit. (2020-21) (An)
What should be the width of each slit to obtain n

maxima of double slit pattern within the central
maxima of single slit pattern? (2020-21)

- X (3 marks)

L8,

3. In a Young's double slit experiment, the path
difference at a certain point on the screen between

two interfering waves is %th of the wavelength. The
ratio of intensity at this point to that at the centre of :

a bright fringe is close to
{a) 0.80 b) 0.74

(& 0.94 (d) 085 (2022-23) (Ap)

4, Two statements are given-one labelled Assertion (A)
and the other labelled Reason (R). Select the correct
answer to these questions from the codes (a). (b), (c)

and (d) as given below.

(a) Both A and R are true and R is the correct

explanation of A,

(b) Both A and R are true and R is NOT the correct

explanation of A.

Get More Learning Materials Here : i m

A narrow slit is lluminated by a parallel beam of
monochromatic light of wavelength A.equal to 6000 A
and the angular width of the central maximum in the
resulting diffraction pattern is measured. When the
slit is next illuminated by light of wavelength A" the
angular width decreases by 30%. Calculate the value
of the wavelength 2" (2022-23) (Ap)
{a) "If the slits in Young's double slit experiment
are identical, then intensity at any point on the
screen may vary between zero and four times to
the intensity due to single slit”.
Justify the above statement through a relevant
mathematical expression.

(b} Draw the intensity distribution as function of
phase angle when diffraction of light takes place
through coherently illuminated single slit.

(Term 11 2021-22) (i)
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() Aistrue but Ris false. (5 marks)

(d) Ais false and R is also false. : 10. (a) Draw the graph showing intensity distribution
Assertion (A): In aninterference pattern observed in of fringes with phase angle due to diffraction
Young's double slit experiment. if the separation (d) : through a single slit. What is the width of the
between coherent sources as well as the distance CEALTaR. msaimen IR comparioon: 1o that of -2

secondary maximum?
(b} A ray PQ is incident P
normally on the face AB

(D) of the screen from the coherent sources both ©
are reduced to 1.."'3rd. then new fringe width remains

the same. i of a triangular prism of
Reason (R) : Fringe width is proportional to (d/D). refracting angle 60° as
(2022-23) © shown in figure. The prism g C
is made of a transparent material of refractive deviation of 30% Calculate the speed of light
index ?E . Trace the path of the ray as it passes through the prism. 5
through the prism. Calculate the angle of
emergence and the angle of deviation.
(2022-23) (Ap) !
11. (a) Write two points of difference between an B c
interference pattern and a diffraction pattern. (i) Find the angle of incidence at face AB so that
(b} (i) A ray of light incident on face AB of an | the emergent ray grazes along the face AC.
equilateral glass prism, shows minimum (2022-23)

Detailed glej88aj(e]\ 1>

- i - i 4. A source of light sends the disturbance in all the
EYSrtone Yaars CEE Boand Qeestions : directions and continuous locus of all the particles vibrating

_ ; T . : in same phase at any instant is called as wavefront.
:i:“g- Ej ;:f::‘r;rtd:'::g;j tuaSH:\srﬁi:::E p;;“:;iﬁﬂ;‘:’;: Taﬁl:‘.: i PyP; represents the surface separating medium 1 and

and the amplitude of these secondary wavelets is equal : medium 2 as shown in figure.
in bath the forward and backward directions. i

The new wavefront is the tangential surface of all these & Incident
secondary wavelets. wavefront

N

2. lc):If a plane wavefront is incident on a concave
mirror, then the emergent wavefront will be spherical
with centre of the wavefront at its focus. i

3. A source of light sends the disturbance in all the
directions and continuous locus of all the particles vibrating
in same phase at any instant is called as wavefront.

Given figure shows the refraction of a plane wavefront at | Lt ¥1 and v, represents the speed of light in medium 1

ararer medium Le., vy > vy and medium 2 respectively. We assume a plane
it wavefront AB propagating in the direction A'A incident
A wavefront [Rarer) : on the interface at an angle i. Let t be the time taken by

the wavefront to travel the distance BC.

Medium 1 (v,) o BC=wyt [-- distance = speed = time]
i In order to determine the shape of the refracted
P, P, wavefront, we draw a sphere of radius v;t from the point
: Denser) : Ain the second medium (the speed of the wave in second
vd %4—— Refracted wavefront | medium is vy).

3 Wiehows 2 vy Let CD represents a tangent plane drawn from the point
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respectively.
From right AABC. we have,

. R - .5
sin £BAC =sini= —

] [y AC
From right AAEC, we have,
sin LECA=sinr= £

AC

(a constant)

sinr - AE w,t

This verifies Snell’s law of refraction. The constant I,
surface separating medium 1 and medium 2 as shown in
¢ figure,

is called the refractive index of the second medium with
respect to first medium

. incident
A wavefront (Rarer)
Medium 1 {v,)
I
i
P
1 A * o y
¥ [Denser)
+—— Relracted wavelront
Mesdium 2 v )
E

Let v, and v, represents the speed of light inmedium 1and
medium 2 respectively. We assume a plane wavefront AB
propagating in the direction A’A incident on the interface :
at an angle i. Let t be the time taken by the wavefront to

trawvel the distance BC.

BC = vyt [ distance = speed * time]

In order to determine the shape of the refracted
wavefront, we draw a sphere of radius vyt from the point ; ' o )
A in the second medium (the speed of the wave in second ;| Letv,andv;represents the speedoflight in medium 1 and

i medium 2 respectively. We assume a plane wavefront AB

medium is v,).

Let CE represents a tangent plane drawn from the point
at an angle I. Let t be the time taken by the wavefront to
i travel the distance BC.

C. Then
A.E = 'I"gf

CE would represent the refracted wavefront.
In AABC and AAEC, we have
5im’=£=E and 5Enr=£=""—zt

AC AC AC AC

where [ and r are the angles of incident and refraction
respectively.

sini vyt AC sini _ vy

sinr 'EE sinr vy

If ¢ represents the speed of light in vacuum, then

e @)

The incident and refracted wavfronts are shown in figure.  Then

Let the angles of incidence and refraction be i and r AE = vyt

CDywould represent the refracted wavefront.

Concept Applied @

= Huygens' principle tells us that each peoint on a
wavefront is a source of secondary waves called
secondary wavelets. A surface touching these
secondary wavelets tangentially in the forward
direction at any instant gives the new (secondary)
wavefront at that instant.

5. Srell's law of refraction : Let PyP; represents the

! This proves first law of reflection.
Also £, £r and normal all lie in the same plane. This gives
| second law of reflection.

7. Snell's law of refraction : Let P4P> represents the
surface separating medium 1 and medium 2 as shown in
i figure.

[Denser}
24— Refracted wavelront
Medium 2 {v.]

propagating in the direction 4°A incident an the interface

BC=vgt [ distance = speed = time]

In order to determine the shape of the refracted
wavefront, we draw a sphere of radius vst from the point
i Ainthe second medium (the speed of the wave in second

medium is vs).

Let CE represents a tangent plane drawn from the point
: C.Then
P AE=wyt

CE would represent the refracted wavefront.
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c c
Wy=—and i =—
¥y ¥a

C [
=— and Vo=—
K1 H2
Where py and u, are the refractive indices of medium 1
and medium 2 respectively.
sini_c/uy  sini P,
" osinr efp,  sinr py

= W

= Wy sini=uasinr

This is the Snell’s law of refraction.

6. Letus consider a plane wavefront AB incident on the

plane reflecting surface xy. The tangent B'A" represents C C
B and pg =~

reflected wavefront after time t.

For every point on wavefront AB, a corresponding point

lies on the reflected wavefront A'B".
S0, comparing two triangle ABAB” and AB'A'B.
We find that, AB" = A'B = ct, BB' = common
LA= LA =900
Thus two triangles are congruent, hence , £i= £r

Incident
wiavefront
\‘ B (Rarer)
Medivem 1 {v,)
i
i c
F:J n r ﬂ:I
F (Denser)
4— Refracted wavefront
Medium 2 (v,
E

travel the distance BC.
BC= 'i"-]_t

medium is vo).

Let CE represents a tangent plane drawn from the point

: B Snell's law of refraction :
surface separating medium 1 and medium 2 as shown in
i figure.

! Let the angles of incidence and refraction be | and r
respectively.

From right AABC, we have,

smr
Let v, and v, represents the speed of light in medium 1 and or 1“2

medium 2 respectively. We assume a plane wavefront AB This ‘-I'EriflES Snell’s law of refraction. The constant 1p2

propagating in the direction A’"Aincident on the interface | ¢ -5jiad the refractive index of the second medium with

at an angle i. Let t be the time taken by the wavefront to respect to first medium,

e @)

: In AABC and AAEC, we have

BCEﬁ g ,ﬂEv__g_t_

where [ and r are the angles of incident and refraction
respectively.

sini _wyt AC
sinr AC v:t

sini vy
sinr vy

If c represents the speed of light in vacuum, then

i C [
i = wy==— and vp=—

Wy B3
Where py and p, are the refractive indices of medium 1
i and medium 2.
51”'_% —.“—2 = pqSini=pysinr
sinf cfp, sinr opy

This is the Snell's law of refraction.

Let PyP> represents the

i T i
! sin LBAC=sini= —
: in si

From right AADC, we have, sin ZDCA=sinr= %

sini_ BC v_lt
sinr AD vl

(a constant)
sinr

[-- distance = speed = time] 10, A source of light sends the disturbance in all the

In order to determine the shape of the refracted directions and continuous lacus of all the particles vibrating

wavefront, we draw a sphere of radius v,t from the point : insame phase at any instant is called as wavefront.

A in the second medium (the speed of the wave insecond | Laws of reflection by Huygens' principle :

i Let us consider a plane wavefront AB incident on the

plane reflecting surface xy. Incident rays are normal to
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C.Then
AE= 'l"zt

CE would represent the refracted wavefront.
In AABC and AAEC, we have

. ._BC _wyt . AE _w,t
sinfi=—=—— gnd sinr=—=-—=
AC AC AC AC i
where i and r are the angles of incident and refraction !
respectively.
sini vyt AC sini vy
sinr | AC vat sinr vs

If ¢ represents the speed of light in vacuum, then

[ c c c
py==—and py=— = ¥y=—and V;=—
vy Va ny ]

Where py and p, are the refractive indices of medium 1

and medium 2.
sini o sini it -
..._._=_._E_L=;,_I._=E§. = pysini=p,sinr
sinf cfp, sinropy

This is the Snell’s law of refraction.

9. Rafractive index (1) : Refractive index of a medium ks |

defined as the ratio of the speed of light in vacuum to the
speed of light in that medium. ie.,
¢ speed of light in vacuum

A tpepdotightinmednmi

ararer medium i.e., vy > vy

Incident
wavelront

N

; g %mlwﬁw

Iru:id;_nt plana wavefront
12. (i)

the incident light. Hence frequency remains unchanged.

ii} Energy carried by a wave depends on the frequen
i) o X £ g i In AABC and AAEC, we have

13. Given figure shows the refraction of a plane

of the wave, not on the speed of wave propagation.

wavefront at a rarer medium Le., vy > vy

e @)

the wavefront AB.

g ¥
B B
Let in time t the secondary wavelets reaches B’ covering
a distance ct. Similarly from each point on primary
: wavefront AB. Secondary wavelets start growing with
the speed c. To find reflected wavefront after time t, let
i us draw a sphere of radius ct taking B as center and now
a tangent is drawn from B” on the sphere the tangent B'A”
represents reflected wavefront after time &

For every point on wavefront AB a corresponding point
i lie on the reflected wavefront A'B".
i 5o, comparing two triangle ABAE" and AB'A'B

i We find that

! AB"=AB=ct
BB’ = commaon
Given figure shows the refraction of a plane wavefront at ?:u: ;1 :r;Dngies afe congruent, hence 1= Zr
: This proves first law of reflection.

Also incident rays, reflected rays and normal to them all

lie in the same plane. This gives second law of reflection.

i 11. Wavefront : The continuous locus of all the particles
i of a medium, which are vibrating in the same phase is
called a wavefront.

! According to Huygens' principle, each
wavefront is a source of secondary waves, which add up
to give a wavefront at any later time.

point on a

propagating in the direction A’A incident on the interface
at an angle i. Let t be the time taken by the wavefront to
travel the distance BC.

BC = vyt [-: distance = speed = time]

: In order to determine the shape of the refracted
i wavefront, we draw a sphere of radius v,t from the point
Ain the second medium (the speed of the wave in second
Reflection and refraction arise through :
interaction of incident light with atomic constituents of :
matter which vibrate with the same frequency as that of :
- AE = 1!’2['

medium is vs).
Let CE represents a tangent plane drawn from the point
C.Then

CE would represent the refracted wavefront.

) BC 'H"lt . AE 'll"gt
sinf=—=-2 and snrs—=—%_
AC  AC AC AC
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respectively.
From right AABC, we have,

sin ZBAC=sini= B€
AC

From right AADC, we have,

sin ZDCA = sinr = :_g. ﬂ=%=i‘%
Sinr \!'2
L. 1].12 (a constant)

sinr vs

respect to first medium.

 Concept Appied (@]
= According to Huygens principle. when the speed of light
is independent of direction, the secondary waves are
spherical.

14, Snell’s law of refraction : Let P4 P, represents the surface
i Let in time t the secondary wavelets reaches B’ covering

separating medium 1 and medium 2 as shown in figure.

&
P’l
r (Denser)
e Rl racted wavelfrom
Medivin 2 (i)

Let v, and v; represents the speed of light inmedium 1 and
medium 2 respectively. We assume a plane wavefront AR

For every point on wavefront AB a corresponding point !

lie on the reflected wavefront A'B’,
So, comparing two triangle ABAE" and AB°A’B
We find that

AB =A'B=ct

BB’ = common

ZA= 24" =900
Thus two triangles are congruent, hence £ =
This proves first law of reflection.

= ""1=i and '-"2=i
Let the angles of incidence and refraction be § and r !
i Where p4 and p, are the refractive indices of medium 1
i and medium 2.

P 17. (a)
particles vibrating in same phase at any instant.

i A line perpendicular to the wavefront in the direction of
propagation of light

: wave is called a ray.

i (b) (i) The wavefront will be spherical of increasing

e @)

i where [ and r are the angles of incident and refraction

: respectively.
L. sni_vtAC _ sini v
sinr | AC vt sinr vy

If ¢ represents the speed of light in vacuum, then
i c c
E ny=— and Uog=—

vy ¥a

Ha

sini c!piﬁsim

H2 o pysini=pysinr
sinr c/py = o

sinr - py

This is the Snell's law of refraction.

15. A source of light sends the disturbance in all the
directions and continuous locus of all the particles
i vibrating in same phase at any instant is called as
wavefront. Phase speed is the speed with which a
i wavefront moved outwards from the source.

This verifies Snell's law of refraction. The constant lu, E of reflection by Huygens' principle :

iz called the refractive index of the second medium with Let us consider a plane wavefront AB incident on the
i plane reflecting surface xy. Incident rays are normal to

: the wavefront AB.

ey
B B

i a distance ct. Similarly from each point on primary
wavefront AB. Secondary wavelets start growing with
i the speed c To find reflected wavefront after time ¢, let
| us draw a sphere of radius ct taking B as center and now
i atangent is drawn from B’ on the sphere the tangent B'A’
represents reflected wavefront after time &

sini_c/py =0 sini _po
sinr c/py  sinr o py
This is the Snell’s law of refraction.

= Wy sini=pg,sinr

A wavefront is defined as the locus of all the
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lie in the same plane. This gives second law of reflection.

16. Wavefront : The continuous locus of all the particles
of a medium, which are vibrating in the same phase is

called a wavefront.

Snell's law of refraction : Let P4P; represents the surface

separating medium 1 and medium 2 as shown in figure.

Incident

A wavefront {Dernser)

\l Mediam 1 [\-Ljn
i
” i
: A ; & Fa
[Rarer)
+—— Refracted wavefront

Bedium 2 {v;)

trawvel the distance BC.

BC = vyt [ distance = speed x time]

In order to determine the shape of the refracted
wavefront, we draw a sphere of radius vt from the point :
A in the second medium (the speed of the wave in second

medium is v3).

Let CE represents a tangent plane drawn from the point
C. Then
AE = h'zt

CE would represent the refracted wavefront.
In AABC and AAEC, we have
5inf=E=£ and sinr=£=v_1¢
AC

AC AC AC

Where | and r are the angles of incident and refraction ! :

i 18. Two sources are said to be coherent, if they emit
light wawves of same frequency or wavelength and of a
: constant phase difference.

respectively.

ot an. Sn
AC vat
If ¢ represents the speed of light in vacuum, then

sinr sinr  vg

c 5 C C
pi=—and pa=— = ¥3=— and ¥3=—
Vi vy H1 Kz

Where w4 and p; are the refractive indices of medium 1 s0, as D increases fringe width increases.

and medium 2.

Get More Learning Materials Here : i

(il incident

19. (c): (i) Angular separation ==
: remain same

| (i) Fringe width, p=—

e @)

Also incident rays, reflected rays and normal to them all | radius as shown in figure.

Rays

T4

Spherical wavefront

= All the rays of light are always perpendicular to
wavefront.

(i) When source is at the focus, the rays coming out
! of the convex lens are parallel, so wavefrant is plane as

Let v, and v, represents the speed of light in medium 1and shown in figure.

medium 2 respectively. We assume a plane wavefront AB
propagating in the direction A’A incident on the interface
at an angle i. Let t be the time taken by the wavefront to :

\

L

Parallel
rays

H
-
Yy v w

¥

/

Plane wavefront

swavefront

Refracted
wavefront

3
d

D2,

: () remain same, but (i) increases.
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20, (al:A=700nm,A" =7

¥Ya=V¥s

3x700D 5xi'D
d  d
2100

l’=T= 420nm

21. (c): Fringe width is given as

AD
= __
Mow, entire apparatus is placed in liquid of refractive
index .
Thus, wavelength of incident wave changes to
ek
I
Now fringe width, B'= %
AD_B
pd p
So, answer is option ().

22. Fringe width, f= %

As, = i fringe width will be maximum for red light source.

23. For destructive interference, M:[n+%}
1 5
n+= fh==iA=n=2
- [ 2}\ 2

The third dark fringe will be at this point.

closed, the new pattern has larger central maximum in
angular size.

25, For constructive interference,
Path difference, Ax = na (wheren=0, 1, 2, ..}

1
For destructive interference, M=[H+E
(wheren=0,1,2, )

26, (a) Intensities of light waves from two coherent

sources are in ratio :l=3
2
2
Weknow, 19 9_ E= ]E=E
L B2 b\l V171
ﬁ_{u+b}2_fﬂ+1}2_(if_i
bnin {a=b (3-1% \2/) 1

Ratio of intensity of bright and dark fringeis4: 1
(b) Wavelength, & =600 nm

Refractive index, W, =%
Wavelength in given medium of refracted light (A, = 7)

| 28, Given :55,-55; =

| 30, (i) Given:S§, S5 =~
i 4

e @)

:; For IIF‘E:‘Q‘

R |
R uEDE 2

(i) Forincoherent sources :
: According to superposition of light waves

Ii = I_z = ‘ﬂ- 2% In= Il = '2 = 2‘.3{1 + ECFS{HI = Hg‘}

For coherent sources

Iﬂ"l“i

I=ly +b +2Jllp cose or Ig=1y =1,

= 2ln + 21y cos(B) = 2I5(1 + cos (B))
A

Now path difference between the two waves from slit 5,

and 5; on reaching point P on screen is
; M={552+52P:|"{551+51F}

Ax =%+§. where d is the slits separation.

=l el D

soreen

—D
¢ For constructive interference at point P, path difference,

A yd
24. In young's double slit experiment, if one slit is fully | 4X=nA or —+-==ni

: 4 D

o HafeT) :
ar D= n 2 i}
wheren=0,12 3...,

: 29. For a single slit of width “a” the first minima of
i the interference pattern of a monochromatic light of
wavelength A occurs at an angle of (A./a) because the light
: from centre of the slit differs by a half of a wavelength.
Whereas a double slit experiment at the same angle of
i (#fa) and slits separation "g" produces maxima because
ane wavelength difference in path length from these two
i slits is produced.

A

i Now path difference between the two waves from slit 5,
. and 5; on reaching point P on screen is

é Ax = {552 + SEP’ = {551 + Sip}

é or AX= ‘552—551}"'{52':"51':]

A yd

DOr Ax=—4—

4 D

@ www.studentbro.in



As, nl‘-““i = ni}"i hawe
ng= 1
Ay = 600 nm

iy = %; Ao =%x6m =450 nm

27. Resultant intensity is given by
lg=l; +ly +2.,~|"I:ulllgms¢-

For constructive interference at point P, path difference,

Ax = na
ar L.

"""I'""—'-I'Tl

« B{nt).

where n=0123..

{ii) For destructive interference at point P, path difference

ﬁx:[ln-‘l}u ur4+ﬂ-t2n-1l—

ry
5= n -1_..|_ 4n=3)=
[ [ }4

whErE n=123 4.

For central bright fringe, putting n = 0 in equation (i), we get :

— i — ﬂry’:—

4d

The negative sign indicates that central bright fringe will :

be observed at a point O below the centre O of screen.

{ii) The central fringes are white. On the either side of
the central white fringe the coloured bands (few coloured
maxima and minima) will appear. This is because fringes

of different colours overlap.

31,
R taidth ol _any - Laselingih 1) ? e
el SUE_Buglptrent . s ylver M (o)
\ « B
Y AT . P D2 Ay AR ey ot
#fp d . L sl and scstes
N i/ = 1 Woetingrk, af hahy
P .l slighanse beluess
é -4 e AR LN
Lnme

k& e [ a0:40 u.oLa :
A (O 4,

350 m

8:35.mm)

"hgi wdih o8 5000

* Eringe  wxkdbh. 0f  So0em

X Poutisn of e

icoid bkl u.gc! Socem WA/
L. Fasarist y;

CENtaml st m i =@
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)

Y

e @)

Superposition of

i wavefronts

i §is a narrow slit (of width about 1 mm) illuminated by a
: monochromatic source of light, 5. At a suitable distance
: (about 10 cm)from 5, there are two fine slits A and B about
i 0.5 mm apart placed symmetrically parallel to 5. When a
i screen is placed at a large distance (about 2 m) from the
¢ slits A and B, alternate bright and dark fringes running
i parallel to the lengths of slits appear on the screen. These
! are the interference fringes. The fringes disappear when
i one of the slits A or Bis covered.

: Expression for fringe width fi:

w
\5/

Screen

Consider a point P on the screen at distance x from the
: centre O. The nature of the interference at the point P
: depends on path difference,

: p=5,P-5,P

¢ Fromright-angled AS,BP and AS;AP,

(S,P)? - (S,P)? = [,B? + PB?] - [S,A% + PA?]
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[Topper's Answer, 2022]

wheren=0,1,2.3, .

Positions of dark fringes : For destructive interference,

xd A D
p_E_{EH-l}E or x-{!n-ﬂﬁ

wheren=1,2,3
Width of a dark fringe = Separation between two
consecutive bright fringes
nDL  (n=1)D) Db
R R R
Width of bright fringe = Separation between two
consecutive dark fringEE
D D

=x’ =x’ 1_{2.-:-1:—-13[ -1-tjm==

Clearly, both the bright and dark fringes are of equal -

width.

Hence the expression for the fringe width in Young's

) p : D
double slit experiment can be written as E'n=?.

33. (a) We know, %:fﬂ%};
il {ﬂ"]_ -a:}
According to question. I; = 50% of Iy
l,=05l; af=05a? e
dg = |
2
Hence,

nax (03401 /¥2P _(141/4/2) [JE+1]Z¢34
nin lay-a; /2P (1-1/2P \V2-1

L or S,P-S;P=

| p=S,P-Sp="n

gOl' = ——
| N

D Or X=m—
: d

ot o (o-25]

: or (S2P - SIP)(Szp + SIP) =2xd

2xd
Szp + 51P

In practice, the point P lies very close to O, therefore 5,P
: =5,P =D.Hence

2xd
2D
xd

Positions of bright fringes : For constructive interference,

xd

p=—5-nk

nDA

{ 35. Two independent monochromatic sources cannot
! produce sustained interference pattern because the
i phase difference between the light waves from two
! independent sources keeps on changing continuously.

Commonly Made Mistake @

= Here student thinks two independent monochromatic
sources have constant phase. But for sustained
interference two monochromatic source  should
produced from common source which have constant

phase.

36. (a) The intensity of light due to slit is directly

. proportional to width of slit.

i!_W1_4

b ow, 1

lgf—ﬂic:nr 1—20:' =2a
® 2 G R
Lm=[a1+azl 1202+a1]2 9':12 _9:1

’mln [ﬂ»]_ 'ﬂgl !252 'ﬂ'z] ﬂ'%

(b) Mo, the appearance of bright and dark fringes in
the interference pattern does not violate the law of
i conservation of energy.

When interference takes place, the light energy which
disappears at the regions of destructive interference
i appears at regions of constructive interference so that
i the average intensity of light remains the same. Hence,
: the law of conservation of energy is obeyed in the
i phenomenon of interference of light.

(b) The central fringes are white. On the either side of :
the central white fringe the coloured bands [few coloured |
maxima and minima) will appear. This is because fringes
of different colours overlap. i

Concept Applied {@j

= Constructive interference results in bright bands
and destructive interference results in dark bands.
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= In YDSE, if white light is used, different colours
overlap at centre to produce bright fringe. Since violet
colour has lowest A, the closest fringe on either side of
central white fringe is violet and farthest fringe is red
as fringe width, flock.

34. (a) Angular width, 6= % or d= %

Here, = 600nm=6 % 107" m

OAXE o= —E—rad. d = ?

8=01"= 300

_ 6x107 x1800
b 8

d =344%10%m

(b) Freguency of a light depends on its source only. 5o,
the frequencies of reflected and refracted light will be :

¥ =2m:os{mt+g ](05[% ] i)

Let y=2ams[q2-])=ﬁl. the equation (i) becomes

same as that of incident light.
Reflected light is in the same medium (air) so its
wavelength remains same as 500 A

3 ; I3
Wavelength of refracted light, ., = —
i, = refractive index of water. kol

5o, wavelength of refracted wave will be decreased.

where A is amplitude of resultant wave,
MNow, A:Eacus[%]

On sguaring, A? =4ﬂzcusz(g ]

Hence, resultant intensity,

se(s)

(b) Condition for constructive interference,
cosAp=+1

Ax
2r—==02r4n. or Ax=nk;n=0,1,23,.
Condition for destructive interference, cos Ap=-1
2‘]'!%:![,,31‘:,51..

or Ax={Zn-1)A/2
wheren=1.2,3..

38. (a) Condition for constructive interference,
cos Ap=+1

211%:::.3151_.

e @)

: 37. (a) yy=acoswty;=acos(wt+d)
i X
p
/ lrl
]Si d;EHI
5,..d.. M "':"G
df2
15 = M,
3 “y

where ¢ is phase difference between them. Resultant
! displacement at point P will be,

P y= ¥1 +¥2 =acos wt +a cos(omt + ¢)

i =a[cos wt + cos (wt + ¢)]

=1:r[2 Cos fool + ;Jt-ﬂﬂ msim_;'t-q:l}]

e ‘)
y-Acﬂs[mf+2

¥ =Eﬂm5(mt+g ]ms[g] o

Let y=2ams(g )=A, the equation (i) becomes

y=Acus[mt+§]

where A is amplitude of resultant wave,
MNow, A =2m:ns(%)

On squaring, A2=4ﬂzfﬂ‘52[§]

Hence, resultant intensity, =4l cos® [ E]

&

: (i) Condition for constructive interference,
P cosAg=+1

2::%:02:141__ or Ax=nkn=0,123,..

Condition for destructive interference, cos Ap=-1

or Ax={2n-1)As2

wheren=1,2 3.
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2:% =0.2n.41.
or Ax=nin=01223 ..

{b) Condition for destructive interference, cos Ad=-1
2n%=m3:5rm

or Ax=(2n-1)A2
wheren=1,2 3.

(NNTITT]

310 BB D
———p Path difference
(i} ¥y =acoswmt, y;=acos (wt+0d)
X

39. (a)

&
o
L 1

displacement at point P will be,
¥ =¥+ ¥y =dcoswt +acoslot + ¢)
= a [cos wt + cos (ot + )]
{m¢+m¢+1}}rmlmt-mt-¢-:|}
2 - 2

=a[ 2cos

Let y=2ncus[%]=ﬂ. the equation (i) becomes

y= Acns[ it + % ]
where A is amplitude of resultant wave,

MNow, A=2acns[g- ]
)

w3 |-E

On squaring, AZ=4a" cusz(

Hence, resultant intensity,

()
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| (b) Since fringe width is give by ﬂ:%

i 40. (a)
i cannot produce sustained interference pattern because
the phase difference between the light waves from two
i independent sources keeps on changing continuously.

F=2ﬂ[ﬂ5[ mf+%}:us{% ] ()]

i Angular width of central maxima is 8g =?

e @)

: (i) On increasing the width of slit d. the fringe width
i decreases.

i (ii) On replacing monochromatic light with white light,
i the fringes of all colours will be overlapping in interference
pattern.

W osvees 0= (7

= The resuftant displacement of wave at any point is the
sum of the displacements of the individual waves of
the two sources.

(i) Two independent monochromatic sources

L (i) yy=acosomt,y,=acos (wt+6)

where & is phase difference between them. Resultant | WnEReO B phasls (Mference: Hehapan; thim, - Resuitant

displacement at point P will be,
¥ =¥y +¥p=dcosmt+acos(mt + §)

= a [cos wt + cos (wt + )]

=a[2m5{mt+mt+¢]m5[uﬂ-mt-¢]]
2 2

43, (i) Aswe know,

Zh

. where, A is wavelength and a is width of slit 8, 'H%

S0, angular width will increase as the with of slit
: decreases.

23

(i) As, Bg==; 6g 2

{ 5o, angular width will increase as the wavelength
increases and decreases as the wavelength decrease.
When we use poly chromatic light, the diffracted image
i of slit will get dispersed into constitute colours of white
¢ light and central maxima will be white. There is no change
: inslit
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(b} Intensity at a point, ,=4lﬂcﬂ52['§]

Phase difference= ZT“ x Path difference

At path difference &,
Phase difference. ¢= 2T“:u:fl‘..:.'?'_:t

. Intensity, K =41, o2 ( 2?“]

[+ Given I = K, at path difference 4]
K= 4l ()

If path difference is % then phase difference will be

Intensity, r-mﬂmsz[‘%‘]- E (Using (i)
41, We have
bnae _ (9 + )" _ 25
e
4
1

16
!

EIE &IE
E'F
R TR

y b
I

Concept Applied @

-

= Intensity of any light wave is directly proportional to
the square of its amplitude.

A2, At first minimaasing=h
AP=BP=h

AP-MP= =

n
Phase difference, Ag = Tx Ax
e S Y

e —

L2
Ad = Radians

4, Dark Fringes are 4. Dark fringes are not
perfectly dark. perfectly dark.

46. (i) Given A¢ = 5=
As, M:%-Ax

= Sn-2—n Ax
A

5i

44 Width of central maximum is given by fy=—
H a

Double slit interference:

20

If width of slit is reduced then (i) size of central maxima
: will increase and (ii) intensity of central maximum will
i decrease.

45. (i) Single slit diffraction:

Intensity
&
W B A ) N
Path difference

Intensity

25 i 0 i 2
Path difference

: (ii) Difference between interference and diffraction

Interference Diffraction
1. Interference is caused 1 Diffractioniscaused
by superposition two by superposition of a
waves starting from two number of waves starting
coherent sources. from the slit.

2. All bright and dark
fringes are of equal width.

2. Width of central bright
fringe is double of all
other maxima.

3. All bright fringes are of
same intensity.

3. Intensity of bright
fringes decreases sharply
aswe move away from

e @)

central bright fringe.

i 48.
“_‘!‘klPJA. oald "L‘m’ 8) “ A
imal (0RO 10 sieglf ao.
SR »
—' b — — - - - ~ .
» At tocudiengin v light
O e 08 _GLE.,
;.“'_35-.:0.' bkt das 1‘.:!.:.'?1 woutl®ath. that. J2en tyat
AL e ey, Ll (ks ofithe TefAma) e IS
,-Jbt.hé (L4r~:~ ST A0 asieng vh o ..Ah e lts
Lok sl anxeast . gracge. 41" th 2%y d
ol ploze o _R¥ep »_,L._\l.;. - - v
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Ax=2X
2

So, path difference -(2x2+1)—

(2n+1)— — It is secondary maximum i.e., bright fringe.

(ii) Given, the width of each slit is '@’ linear separation

between 8 fringes is given by,

x=8B= s-’ﬂ

Corresponding angular separation is,
x 8i

“p~a

Now, the angular width of central maximum in the

diffraction pattern of a single slit is given by. 6, =20—l

Since, 92 = 91

(ili) Single slit diffraction pattern, intensity distribution

Intensity
Y
™ 2 A 0 L2 o3
Path difference
47, B
T4 T msaouu..c, f PP

o LAy 4 Weonm )

‘ 1.)9 J.A_J!L
imuv (.\,-’ L),

-‘(/A.’ % iefrazsed w:ux.

', m) Soumes .
o 2, Lonissowant) § Gpocial Bl Varuom b‘f“ ko
~ KQ’A:I\« "vw ldt-

———

--}.,.uy sayslws Utina Mok_badish . 1V T —
1 fieckuots fnonsyioe la Jrhex. shedis of h%
—ORAG . =

) NS

| E—— S

_Niotionk. o Qe PO DRI
[Topper’s Answer, 2022]
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: 49. On increasing the value of n, the part of slit
contributing to the maxima decreases. Hence the maxima
i become weaker.

Diffraction

1. Intensity of bright
fringes decreases sharply
as we move away from
central bright fringe.

Interference

1. All bright fringes are of
same intensity.

2. Dark fringes are not
perfectly dark.

2. Dark  Fringes are
perfectly dark.

. 50. Path difference for diffraction
=(2n+1)% (for secondary maximum)

= n (for secondary minimum)
: (i) If path difference = A, first secondary minimum

© would be formed.
(ii) If path difference:s—;'. first secondary maximum
: would be formed.

51. Due to single slit, the width of central bright fringe
i is maximum and width of successive fringes keeps on
: decreasing while due to double slits all the bright fringes

are of equal width.
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Single slit diffraction:

Intensity
E 3
JAVAN JAVAW
3 2 A LK) A Zn 3
siy Path difference
Double slit interference:
intensity
x* & 0 & =
Path difference
Diffraction of light due to a narrow single slit
Slit L

Plane
wavefront g -

3
mﬁh
%3
b

Consider aset of parallel rays froma lens L falling on a slit,
form a plane wavefront. According to Huygens principle,

AEB sends out secondary wavelets in all directions. The

travel the same distance in reaching at O and hence the

path difference between them is zero. These secondary

waves reinforce each other, resulting maximum intensity | asinfl, ={2ﬂ+1;&
i 2

at paint 0.
Position of secondary minima :

: Forsmall 8,.8,=—
i a

e @)

! BN=asinf
Suppose BN =L and B =8,

k=asinby

© sin. =l
a

Such a point on the screen will be the position of the first
: secondary minimum.

{ IfBN =2J.and 8 = B, then,

{ Zh=asinf,

sinfy = Ea—l

i Such a point on the screen will be the position of the
second secondary minimum.
i Ingeneral, forn

" rminimum at point P.

[} - mn
i sinf,=—
i a

i

Paosition of secondary maxima :
: If any other P is such that path difference at point is given by

i 3
i gsinfi=—
i asin 5

Then P’ will be position of first secondary maximum. Here,
: we can consider the wavefront to be divided into three
: equal parts, sothat the path difference between secondary
waves from corresponding points in the 1% two parts will
be /2. This will give rise to destructive interference.
! However, the secondary waves from the third part remain
i unused and therefore, they will reinforce each other and
each point on the unblocked point of plane wavefront : produce first secondary maximum.

i Similarly if the path difference at that points given by
secondary waves from points equidistant from the centre | gr A

Cof the slit lying in the portion CA and CBof thewavefront | 2505~ 5

i We get second secondary maximum of lower intensity.

In general, for n® secondary maximum, we have

%
The secondary waves : For small 6.8, ={2n+1]£

travelling in the direction making an angle 6 with CO. will | The diffraction pattern on the screen is shown below
reach a point Pon the screen. The intensity at Pwilldepend | along with intensity distribution of fringes
on the path difference between the secondary waves ' I

emitted from the corresponding points of the wavefront. i
The wavelets from points A and B will have a path difference
equal to BN. If this path difference is &, then P will be a point |
of minimum intensity. This is because the whole wavefront |
can be considered to be divided into two equal halves CA |
and CB. If the path difference between secondary waves
from A and B is A, then the path difference between

secondary waves from A and C will be 3./2 and also the path |

Central

Maxima
..———..‘ — =B
3 A A O A A
a-a -a 7 @ 4
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difference between secondary waves from B and C will :

: o i 52. First wavelength of light, ».; = 600 nm
again be /2. Also for every point in the upper half AC, there | Second wavelength of light, Ay =480 nm

is a corresponding point in the lower half CB for which the Distancs bot sithiaclit snd the scraati= 10w

path difference between secondary waves reaching P is Distance batween the <lits = 0.4 mem

(i) The relation between the n'" bright fringe and the
. width of fringe is x=n11-3-

2. Thus, at Pdestructive interference will take place.
From the right-angled AANE given in figure
BN =ABsing
For second bright fringe,n=2

1.0
0.6x107%
x=2%x10"m
(if) We can consider that n™ bright fringe of i.; and the
{n- ‘i.:lthl bright fringe of wavelength i, coincide with each
other.
= hhky=(n-1)i; = 400n=600n- 6400
= 200n=600 = n=3
Therefore, the least distance from the central maximum
can be obtained as

¥=2x600x =2000x10% nm

—1'0 nm
0.6x107°

X =2400% 10° nm=24x 10" m

x‘=nh2%=3x480x

53. (a) The intensity pattern on the screen is shown in

the given figure.

o

i If any other P' is such that path difference at point is
i given by

asinf= E
i 2

; A : AD
. (b) For first maximum ¥1=—"

- wherea=2%10"m;D=15m
: Foriy=5900A=5900% 10" m

_5900x10 %15

S =4425% 10"%m
4

¥1

| Fory=5960 A= 5960 x 1070 m

_ 5960x1079x15

= 4470 x 10°% m
2x107"

¥2

. Separation,y=y,-y,=45x%10"%m
55. Difference between interference and diffraction :

Interference
1. Interference is caused

Diffraction
1. Diffractionis caused by

_f\:/-\:/f\: 5
-4 =3 = -2 O
& ey a3

i
T
Angular position, 8

AN,

3
T

ol 1

24
3

by superposition of two
waves starting from two
coherent sources.

superposition of a number
of waves starting from the
slit.

2. Al bright and dark
fringes are of equal width.

2. Width of central bright
fringe is double of all other

maxima.

Get More Learning Materials Here : i

Width of central maximum =E
a

(b) The angular width of central maximum is given by
20  §
20 =—o0o, i) s
Bo== 0
where ais the slit width and A is the wavelength of light.
(i) From equation {i), it follows that 28« E
a

Therefore, as the slit width is increased, the width of
the central maximum will decrease and the intensity of
central maxima will increase. :

e @)

Let the waves from two coherent sources of light be
represented as

¥y = a sinut

: ¥z = bsinfwt +¢)

.- where g and b are the respective amplitudes of the two

waves and ¢ is the constant phase angle by which second

wiave leads the first wave.
i According to superposition principle, the displacement (y)
i of the resultant wave at time (t) would be given by

¥ =¥y + ¥o = asinwt + b sin (ot + ¢)
= a sinwt + b sinwt cosd + b coswmt sing

i y=sinmt (g + b cost) + cosmt.b sing
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of D. So the angular width and intensity will remain
same when the separation between slit and screen is

decreased.

54. (a) The first secondary minimum. Then
2h=asinby
. 20
==
sinfl, =
Such a point on the screen will be the position of the
second secondary minimum.

In general, for n™ minimum at point P.

, n
sinfl, =—
a

ik
For small &,.8, =?
Position of secondary maxima ;

Commonly Made Mistake { 4

= For constructive interference, the intensity will be
minimum. For destructive interference, the intensity

is maximum and Ig =[\|'lj:"' £f=ﬂ* if light waves

hawve egual intensity.

56. (i)

. A
Light from M,
SOurce

2]

Sereen

Consider a parallel beam of monochromatic light is i
incident normally on a single slit AB of width a as shown
in the figure. According to Huygens principle every point : 58. Given A=620nmD=15md=3x103m
of slit acts as a source of secondary wavelets spreading :

i rd i . i
in all directions. The mid point of the slit is O. A straight | For 3" maxima,dsind = (2n+1) 5=
line through O perpendicular to the slit plane meets the | For 1 minima, d sinfl = nk = A

screen at C. At the central point C on the screen, the

angle & is zero. All path differences are zero and hence
maximum intensity at C.

Consider a point P on the screen.
The observation point is now taken at P.

Get More Learning Materials Here : i

(i) From equation (i), it follows that 26 is independent ;| Puta + b cose = Reost
: bsing= R sind

v = sinmt.Rcosd + coswt Rsing = R[sinwt cosd + coswt 5ind]
¢ y=Rsin (wt+0)

: Thus the resultant wave is a harmonic wave of amplitude R.
Squaring equation (i) and (i) and adding, we get

R*(cos?0 + sin®8) = (a + b coso)® + (b sine)®

R? % 1=a® + b® cos”e + 2ab cose + b* sin’e

i =a” +b*(cos’d + sin6) + 2ab cose

R=Jﬂ2+b2+iﬂhm5¢

As intensity is directly propartional to the square of the
¢ amplitude of the wave

)
s g =l +1y + 2, ]l51, cosé

: (i) The reason is that the intensity of the central
i maximum is due to the constructive interference of
: wavelets from all parts of the slit, the first secondary
: maximum is due to the contribution of wavelets from
: one third part of the slit (wavelets from remaining two
: parts interfere destructively), the second secondary
: maximum is due to the contribution of wavelets from
: the one fifth part only (the remaining four parts interfere
i destructively) and so on. Hence the intensity of secondary
¢ maximum decreases with the increase in the order n of
i the maximum.

- 57. (i) Given A =500 % 10" m, D= 1 m, i, = 2.5 mm

59. (a)

Secondary minima ; Now we divide the slit into two equal : signal slit is shown in figure.

e @)

~{i}
(i}

I, = Ka?, I = Kb?,
and I = KR® = K{a® + b* + 2ab cosd)

_mhD _1x500x1077x1

¥ min T ] d=0.2 mm

(ii) Mow the distance between first secondary maximum
: from centre of the screen,

1
M=
2 2.D
I I P

Ao Th
2

A D 5.0

: : _ 1 he [l"maxa—l"ndnl}=(?— d =2 3
all the parts of the slit contribute in phase. This gives 9
: 5 xﬁZﬂx 107" =15

SR s =775x 107 m

Intensity distribution of light in diffraction at a

@ www.studentbro.in



halves AQ and OB, each of width g. For every point, My

in AD, there is a corresponding point M, in OB, such that
M1M2=§. The path difference between waves arriving :

at P and starting from M, and M, will be %sinh%_
asind = A

In general, for secondary minima
agsinfl =niwheren=%1 %2 +3.._.

Secondary maxima : Similarly it can be shown that for

secondary maxima
ﬂ'.iil'lﬂ=l:2r.!+1l_|% wheren=%1,22....

& |ntensity

ool

S

T T L2 om
i d d 4 d d d
i Width of central maximum is given by
: 200
ﬁﬂ-_

When wn:ilh (d) of the slit is increased, the width of
i central maximum decreases and the intensity increases.
! [b) The bright spot is produced due to constructive

The intensity pattern on the screen is shown in the given interference of waves diffracted from the edge of the

figure. i gircular obstacle.
Concept Applied (@]
= Diffraction and interference occur simultaneoushy.
f_\ /\ &0. (a) Difference between interference and diffraction
A3 -3 =2k = O A 2 3h 4k JEsTEr e D faction
@ Td @ d@ ..? a @ 7 1. Interference is caused | 1. Diffraction is caused by
Angular position. @ by superposition two | superpositionof a number
. 200 waves starting from two | of waves starting from the
Wil ot contalIapdaumn coherentsomess.. o Kb
2. All bright and dark | 2. Width of central bright | : [2. All bright and dark | 2. Width of central bright
fringes are of equal width. | fringe is double of all ather fringes are of equal width. | fringe is double of all other
maxima. maxima. |
3. All bright fringes are of | 3. Intensity of bright 3. All bright fringes are of | 3. Intensity of bright

fringss decreases sharply
as we move away from
central bright fringe.

same intensity.

fringes decreases sharply
as we move away from
central bright fringe.

same intensity.

4. Dark Fringes are | 4. Dark fringes are not 4, Dark Fringes are | 4. Dark fringes are not
perfectly dark. perfectly dark. perfectly dark. perfectly dark.
Sghe: S O actain s 42, (i) Essential conditions for diffraction of light.
J " (a) Source of light should be monochromatic.
(b} Wavelength of the light used should be comparable
¢ to the size of the obstacle.
: (i) Diffraction of light due to a narrow single slit
i slit L,
aVAN /AN, I e
b T S N § A 2h 3n A . g L S ¥
. Path difference . /{T\l ll\..-*‘s'n{' =
(b) #=500nm=5x10" m,a=02mm=2%10"m "\\U ,EQ‘"--" "
Angular width of central maxima, tH:-’m '
_ 2h_2x5x107 k i wavefrant
= 5107 rad ; R 7 "
; oAy Consid f lel f [ Ly falli
For Young's double slit experiment. B = 0.5 : Consider a set of parallel rays from a lens L, falling on
‘ ne . it experiment. B _Exr::_“ a slit, form a plane wavefront. According to Huygens
gD g " : principle, each point on the unblocked point of plane

Reguired number of fringes, N = wavefront AB sends out secondary wawvelets in all

e @)
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P
5x10 %1

AssumeD=1mN= ———— =10
5x10

experiment

HTNINT]

A

B H1n 0 LT 3
— Pathdifference
Diffraction pattern observed in single slit experiment
I

Central
Maxima
. —r i}
32 A O i 2 3%
a a a a a o

Difference between interference and diffraction

Interference Diffraction

1. Interference is caused | 1. Diffractionis caused by
by  superposition two | superposition of a number
waves starting from two | of waves starting from the
coherent sources. slit.

sinB; ==
17 a

Such a point on the screen will be the position of the first : ¥ c:
¢ tanf, = i)

secondary minimum.
If BN = 24 and 6 = 85, then,
23 = a sin By

; 24
sinfly e

Such a point on the screen will be the position of the

second secondary minimum.
In general, for '™ minimum at point P.
sing,, o

For small 6,8, =ﬂ i)
a
Position of secondary maxima :

given by

tanﬂn =E

E !ﬂ.:—
i D

e @)

directions. The secondary waves from points equidistant
! from the centre C of the slit lying in the portion CA and

CB of the wavefront travel the same distance in reaching
61, Interference pattern observed in young Double slit :

at O and hence the path difference between them is zero.

i These secondary waves reinforce each other, resulting
! maximum intensity at point O.

! Position of secondary minima : The secondary waves
i travelling in the direction making an angle 8 with CO,
¢ will reach a point P on the screen. The intensity at P will
depend on the path difference between the secondary
waves emitted from the corresponding points of the
i wavefront. The wavelets from points A and B will have
a path difference equal to BN. If this path difference
is A, then P will be a point of minimum intensity. This
i is because the whole wavefront can be considered to
! be divided into two equal halves CA and CB. If the path
| difference between secondary waves from Aand Bis A,
i then the path difference between secondary waves from
: Aand C will be &/2 and also the path difference between
: secondary waves from B and C will again be A/2. Also for
every point in the upper half AC, there is a cormresponding
i point in the lower half CB for which the path difference
between secondary waves reaching P is /2. Thus, at P
i destructive interference will take place.

From the right-angled AANE given in figure

: BN=ABsinf

: BN=asin@

Suppose BN=h and B =0,

A=asinBy

op

¢ Incase 8, is small, sin B, = tan 8,

From equations (i} and (ii}, we get
k.
a

nD.

¥n= —

© Width of the central maximum,
2y

_2Dh
4 a

(iv) The size of central band reduces by half according to

i ik ; i
! the relation —. Intensity of the central band will be four
a

If any other " is such that path difference at point is times as intensity is proportional to square of slit width.
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asinfy = ?’T

Then Py will be position of first secondary maximum. §
Here, we can consider the wavefront to be divided into :
three equal parts, so that the path difference between |
secondary waves from corresponding points in the ™=
two parts will be A/2. This will give rise to destructive : -
waves from ;| °°

the third part remain unused and therefore, they will : f‘h:au?ﬂ?m 'Tl?mgmg 1?rn atl:lt;rrtaer w'lh_ at'*'l':hm l::_.tnnlv
reinforce each other and produce first secondary VRS T LS S R T P EARChcs. T, & s S - Co

i continue emitting forward moving waves but because a
i lot of the wavefront has been blocked by the barrier, the
i points on the edges of the hole emit waves that bend
! round the edges.

interference. However, the secondary

rmaximum.
Similarly if the path difference at that points given by

" 18
asind; ==—
S
We get second secondary maximum of lower intensity.

th

In general, for n secondary maximum, we have

ﬂ'Einﬂnzﬂn+1I%

A
For small 6,8, ={2n+1}5

The diffraction pattern on the screen is shown below |
: Before the wavefront strikes the barrier the wavefront
: generates another forward moving wavefront. Once the
¢ barrier blocks most of the wavefront the forward moving
! wavefront bends around the slit because the secondary
. waves they would need to interfere with to create a
straight wavefront have been blocked by the barrier.

: According to Huygen's principle, each point on the
wavefront moving through the slit acts like a point
: source. We can think about some of the effect of this if we
analyse what happens when two point sources are close
i together and emit wavefronts with the same wavelength
i and frequency. These two point sources represent the
i point sources on the two edges of the slit and we can call
¢ the source A and source B as shown in the figure.

(i) If y, is the distance of the n™ minimum from the
! the slit. In the diagram we show a series of wavefronts

along with intensity distribution of fringes

!

&
Central Maxima

centre of the screen, then from right-angled ACOP

emitted from each point source. The continuous lines
show peaks in the waves emitted by the point sources
and the dotted lines represent troughs. We label the
i 64, (a) Diffraction of light due to a narrow single slit
peak or trough meets a trough) takes place with a solid :
diamond and places where destructive interference :
(trough meets a peak) takes place with a hollow diamond. i
When the wavefronts hit a barrier there will be places on :
the barrier where constructive interference takes place :

places where constructive interference (peak meets a

and places where destructive interference happens.

e @)

& e Point ()

= K  I=Intensity of light

W= Width of slit
2
then, !L:EL

b Wy

. [a)

Waves diffract when they encounter obstacles.

Each point source emits wavefronts from the edge of

(e} On increasing the value of n, the part of slit
contributing to the maxima decreases. Hence, the
maxima become weaker.

Slit [
u "i’ﬁl\'""h"""":::_-.f—'P
l-!F -I:rin r*"--.‘_-.".- ¥
,w'/ﬂ i '5.91f
[ - .- R
h} L & W i’ =T - (]
B -wid
Plame

wiavefront
-

el
& L

]

Consider a set of parallel rays from a lens L, falling on
a slit, form a plane wavefront. According to Huygens
principle, each point on the unblocked point of plane
: wavefront AB sends out secondary wavelets in all
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we are dealing with.

Concept Applied @:J

—

= A single narrow slit is illuminated by a monochromatic
source of light. The diffraction pattern is obtained on

the screen placed in front of the slits.

(b) Condition for nth secondary dark fringe :

Light rays which on passing through the sht of width
‘a’ get diffracted by an angle By, such that the path : secondary waves from B and C will again be A/2. Also for

difference between extreme rays on emerging from slit : eyery point in the upper half AC, there is a corresponding

) point in the lower half CB for which the path difference
Then the waves from first half and second half of slit have : between secondary waves reaching P is /2. Thus, at P
a path difference of L/2. so they interfere destructively
at point P on screen, forming first secondary dark fringe.

Thus condition for first secondary dark fringe or first BN = AB sin 8

i BN=asin®
i Suppose BN=3and 6 =8,

isasinf; =A

secondary minimum is

. A
sinfy=—
a

Similarly, condition for n™ secondary dark fringe or n

secondary minimum is
; ni
sinf, =—
s a

wheren=1 2,3, 4.

e

Angular width of first diffraction fringe, 6, =
Angular width of central maxima,

a
b=,
In general, for n™ minimum at point P.

- ni
sinfl, = ?

h
For small 8,8, -
a
Position of secondary maxima :

given by
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The measurable effect of the constructive or destructive directions. The secondary waves from points equidistant

interference at a barrier depends on what type of waves from the centre C of the slit lying in the portion CA and
i CB of the wavefront travel the same distance in reaching
¢ at O and hence the path difference between them is zero.
These secondary waves reinforce each other, resulting
i maximum intensity at point O.

Position of secondary minima : The secondary waves
: travelling in the direction making an angle 8 with CO,
will reach a point P on the screen. The intensity at P will
depend on the path difference between the secondary
wawves emitted from the corresponding points of the
: wavefront. The wavelets from points A and B will have
a path difference equal to BN. If this path difference
is A, then P will be a point of minimum intensity. This
. is because the whole wavefront can be considered to
be divided into two equal halves CA and CB. If the path
: difference between secondary waves from A and B is &,
then the path difference between secondary waves from
A and C will be A/2 and also the path difference between

destructive interference will take place.
¢ From the right-angled AANE given in figure

A=asiny

; Eil'lﬁl - "J':
1 a

Such a point on the screen will be the position of the first
: secondary minimum.

i IFBN =2 and 8 = 8,, then,

{ Zh=asindy

singy =2—jt

Such a point on the screen will be the position of the
i second secondary minimum.

Sk

BN=? and 8=83, the second secondary maximum is

i produced. In general, for the n™ maximum at point P,

{Zn+1}k
Za

sinfy =

i)

If ¥, is the distance of n™™ maximum from the centre of
If any other P is such that path difference at point is :

the screen, then the angular position of the n*" maximum
i s given by
m @& www.studentbro.in
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asinfy = %

Then P; will be position of first secondary maximum. In case €. ic small
- r'l 1]

Here, we can consider the wavefront to be divided inta | | ;
three equal parts, so that the path difference between : Sin 8, = tan &,
secondary waves from corresponding points in the | 5
two parts will be A2, This will give rise to destructive

: Width of the secondary minimum,

third part remain unused and therefore, they will reinforce 3 D
oy

interference. However, the secondary waves from the

each other and produce first secondary maximum.
Similarly if the path difference at that points given by
&
inBe =2
asinfs >
We get second secondary maximum of lower intensity.

th .
In general, for n secondary maximum, we have

ﬂEiI‘IEﬂ={2ﬂ+1J%

i
For small 8.8, ={2n+1}5

The diffraction pattern on the screen is shown below

along with intensity distribution of fringes

]

I

F Y
Central Maxima

B L O L o:m ™
a

Width of the secondary maximum,

nDh  (n=1)D%
B=¥n=¥n1 o

p==
a

B is independent of n, all the secondary maxima are

of the same width .

If BN:%— and 8=8;, from above equation, we have

; 3
slnﬂ‘i-zﬂ

Such a point on the screen will be the position of the first

secondary maximum.
Corresponding to path difference,

tan®) =0
: D

| T 2x2x10¢
| 3x15x6x10™
i 4

i)

8

¥,

,_(2n+1)D
rﬂ'- zﬂ

x=3MD
e
i For the two wavelengths,
aD 3 Diy
1=E_1 d Ao =—T

: 3D

Ix15

i)

fiv)

Since [’ is independent of n, all the secondary minima are
i of the same width i".

i (b) Here, i, =590 nm=590x 10" m,

© hp=596nm=596x10"m d=2x10%m,D=15m
¢ Distance of first secondary maximum from the centre of
: the screenis

Spacing between the first two maximum of sodium
¢ lines,

(596x1077 =590x1077)

=6.75x10%m = £ 75 mm

¢ £5. (a) Difference between interference and diffraction

Interference

Diffraction

1. Interference is caused
by superposition of two
waves starting from two
coherent sources.

1. Diffraction is caused by
superposition of a number
of waves starting from the
slit.

2. All bright and dark
fringes are of equal width.

2, Width of central bright
fringe is double of all other
maxima.

3. All bright fringes are of
same intensity.

3. Intensity of bright
fringes decreases sharply
as we move away from
central bright fringe.

4, Dark Fringes
perfectly dark.

dare

4, Dark fringes are not
perfectly dark.

e @)
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(b) Givend=500nm=5x 107 m;D=1m
If @ is width of slit, then for first minimum,

. .
sinfy = E: For small 8,, sin@, =£D3.

¥y A :i.L'r 5x10~7 x1
= = O —-—-—-T—-Eljlmm
D a 5-’1 2510
CBSE Sample Questions i

1 Wa*.relfr-nnt g Th:E tuntii‘luﬂus locus of ail the pall'tié:IES
of a medium, which are vibrating in the same phase. (1) :
Given figure shows the refraction of a plane wavefront at

ararer medium le, vy > vy

Incidernt

Theincident and refracted wavefront are shown in figure,
Let the angles of incidence and refraction be [ and r
: is called the refractive index of the second medium with
i respect to first medium. (2)

respectively.
From right AABC, we have,

i . . BC
sin LFBAC =sini= —
in] n AE

From right AADC, we have,

sin ZDCA =sinr= E
AC

sini  BC  wyt ¥
— = nr = a constant
sinr’ AD  wot sinr - vy ‘111 l: )

the refractive index of the second medium with respect

2. {a) Wavefront : The continuous locus of all the

phase is called a wavefront. (1) :
(b) Ray diagram showing shapes of wavefront: i
(i)
|
- By
[ .'. {
Prism
Incident plane Transmitted plane
wavefront wavefront
(i) Conves lens
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© 3. (d):Given, path difference, Ax="

Phase difference, m_—m A=

Given at X, there is second minima. i

| Wheren=0,1,2 3.

e @)

! After passing through prism the wavefront will be plane
i whereas for convex lens, it will be spherical. (2)
i [c) Given figure shows the refraction of a plane
¢ wavefront at a rarer medium Le, vy > vy

The incident and refracted wavefronts are shown in figure.
Let the angles of incidence and refraction be i and r
i respectively.

From right AABC, we have, sin £BAC =sini= B-C

AC

| From right AADC, we have, sin ZDCA = sinr = %

sinr AD vt

sinf W
— =1z, la constant)
sinr vs

This verifies 5nell’s law of refraction. The constant 1;1.2

;..-

.nu':'

At any point, intensity I=| ., msz[ﬂ]
| E{TEM] 2
; '=‘max':ﬂ'5 """2"'""

This is Snell’s law of refraction. The constant Yy, is called
—-—-[ms 5 ) =(0.9239)* =0.853 (1)
to first medium. (2)

D d D

: 4. lc): Fringe width, B= - Asd'=zandD'==
particles of a medium, which are vibrating in the same :

3 3

o
10 g o 3D
MNew fringe width, |3--—=—E-‘-=? (1)

|

. 5. Given,5X-5X=4.5cm

Path difference at X,
Ax=45cm

i ax=(n+3

@ www.studentbro.in



i
=
.

\/ Q "r‘ ‘.F
Spherical wavefront

at radius R

Elx 15::{ 4I:c: E‘rl: o E;I'[ 4l:t ﬁln BII[

Phase angle, &
- nk  2i s
' d a T a

8. Angular width 2p= % :
Given, A = 4000 A
In case of new L (assumed X' here), angular width
decreases by 30%
New angular width = 0.70 (2¢)
Zh =D.?DK[E] - X' =4200A
d d
2. (a) The total intensity at a point where the phase |

(2
i the face AC grazes along AC.

Iy and |5 are the intensities of two individual sources

which are identical.
WhenaoisQ, /=41,
Whenais 1807 1=0

Thus intensity on the screen varies between 4/, and 0.(1) :
(b) Intensity distribution as function of phase angle,
when diffraction of light takes place through coherently | Alsp, p=— = v= m/s

H v 32

(i) At face AC, let the angle of incidence be rs.
: For grazing ray, e = 90°

illuminated single slit.

-AAAAA-

L
Br 6n 4n 2 O 2x 4n 6m Bn

Phase angle, &
10. (a)
Intensity (1)
-3nfa -2da =afa O Aa 2xfa  3Mja
Diffraction angle (8)

- At M:Sinc=1=§=sinw
= m

P11 (a)
i equally spaced bright and dark bands. The diffraction
pattern has a central bright maximum which is twice as
wide as the other maxima. The intensity falls as we go to

. Let angle of incidence at this face be .

i Puttingn=1,

1) 4.5x2
4.5=(I+E]A = A= 3 =3cm lz}

| 6. Intensity distribution as function of phase angle,
when diffraction of light takes place through coherently
! illuminated single slit.

! Width of central maximum is twice that of any secondary
: maximum.
i (b) Given: ZA= 60° £i=0"

C=6&0"
5o, the ray PM after refraction from

Le=90°

where d is separation between slit and a width of slit. (2) | From, £i+ Ze= ZA+ /5 or 0°+90°=60°+ /3

£io=90° - 607 = 30°
(i) The interference pattern has a number of

: successive maxima away from the centre, on either side.

(i) We calculate the interference pattern by superposing
two waves originating from the two narrow slits. The
. diffraction pattern is a superposition of a continuous

difference is o, is g byl=l +1,+2, /L] . H i F e . !
' nce 15 @, 15 given Dy i=ly+h+oyly; cose. here i family of waves originating from each point on a single

- slit. -
(b)) u=5ms[in( g J ]:I:i(n(‘%]Lﬁ
£ 3x10®

= U= = r2=5in_l[-f-]=45°
W2

5inry

Let angle of refraction at face AB be ry.
P Mow.ry+ra=A4A

(2) |

A
ry=A -y = 60° - 45° = 15° NS

& sini = \,‘5_: sini
siniry sinl5® B c
i=sin (42 sin15°)=215° (3)
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