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WAVE OPTICS

Wave Optics:

Wave optics also called Physical optics deals with the study of various phénomena such as
polarization, diffraction, interference, and other occurrences whete approximation of
geometric optics cannot be done. Thus, the section of optics that dea ith the behaviour of
light and its wave characteristics is said to be wave optics.

Wave Front:

The locus of all those particles which are vibrating in the samie phase at any instant is called wave
front. Thus, wave front is a surface having same phase of vibrating particles at any instant at
every point on it.

These are three types:

e Spherical wavefront

e Cylindrical wavefront N

e Plane wavefront

Models of Light:

Corpuscular model: According to this luminous body emits a stream of particles in all
directions. The particles are assumed ry-very tiny. It explained the laws of reflection and
refraction of light at an interface g concepts of elastic collisions and momentum

conservation. Although this law % explain reflection and refraction, this law could not
satisfactorily explain phenomeno e interference, polarization, and diffraction. In 1637,

Descartes gave the corpusc@l of light.

Wave model: The wave th ight was first put forward by Christian Huygen in 1678. On the
basis of his wave theory, en explained satisfactorily the phenomenon of reflection,
refraction and total i ection.

Huygens’s Prinm

Huygens’s principle is a geometrical construction, which can be used to obtain new position of a
wave front at a later time from its given position at any instant. Or we can quote that this
principle gives a method gives an idea about how light spreads out in the medium.

It is developed on the following assumptions:
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Maxwell’s Electromagnetic Wave Theoryb

Max

All the points on a given or primary wave front acts as a source of secondary wavelets,
which sends out disturbance in all directions in a similar manner as the primary light
source.

The new position of the wave front at any instant (called secondary wave front) is the
envelope of the secondary wavelets at that instant.

’

These two assumptions are known as Huygens principle or Huygens’ construction.

Light waves are electromagnetic waves which t require a material medium for their
propagation.

Due to transverse nature, light wave un Narization.

The velocity of electromagnetic waveli %ﬂ isc= uols(;

The velocity of electromagnetic medium is less than that of light, v < c v=
1 (o}

Juososrur - \/Hosr &

The velocity of electromagneti ves in a medium depend upon the electric and
magnetic properties of the .

where, o = absolute magne meability and

€ = absolute electriivity of free space.

It failed to explain t?@nomenon of photoelectric effect, Compton effect and Raman
effect.

Planck’s Q&J Theory:
Light emits from a rce in the form of packets of energy called quanta or photon.

The energy of a photon is E = hv, where h is Planck’s constant and v is the frequency of
light.

Quantum theory could explain photoelectric effect, Compton effect and Raman effect.

Quantum theory failed to explain interference, diffraction and polarization of light.
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The Doppler’s Effect:

When light producing source moves away from the observer the frequency as measured by the
observer will be smaller than that is actually generated by the source. Astronomers call the
increase in wavelength due to Doppler effect as red shift.

When observer moves towards the source or the source moves towards obs r, then apparent
wavelength decreases, and visible spectrum appear to be shifted towar orter wavelength.
Hence, we call this as blue shift.
Coherent and Incoherent Sources of Light: Q
e Coherent sources: Two sources of light which continuDemit light waves of same
frequency (or wavelength) with a zero or constant phase difference between them, are
called coherent sources. Ex- LASER.
¢ Incoherent sources: Two sources of light whi not emit light waves with a constant
phase difference are called incoherent sources o different light sources produce

incoherent waves. 0

Interference of Light Wave:

Interference is the phenomenon in which tw s superpose to form the resultant wave of
the lower, higher or same amplitude. Whenithe crést of one wave falls on the crest of another
wave such that the amplitude is maximum terference is called constructive interference.
h of another wave such that the amplitude is

When the crest of one wave falls on troug
minimum then interference is called destruetive interference.

Young" ble Slit Experiment
t ~ Coherent
- Laser
irection Light
Barrier with
Double Slits

__Constructive
Interference

Intensity Distribution of Fringes
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Conditions for sustained interference:

e Two sources of light must be coherent.

e The frequencies (or wavelength) of the two waves should be equal.

e The light must be monochromatic.

e The amplitudes of the interfering waves must be equal or nearly equal.
e The two sources must be narrow.

Diffraction: The phenomenon of bending of light around the corn@ obstacle is called the

diffraction of light.

-
Slit

Incoming
wave Vigwing screen

Difference between Diffraction: terference:

S. Interferem Diffraction
R?QQ
Interference efined Diffraction, on the other hand, can

as waves from two be termed as secondary waves that
different sourc producing emerge from the different parts of
different

efronts. the same wave.

The S f all the points In diffraction, there is a variance of
2. on a is of similar the intensity of positions.

inte& interference.

It is absolutely dark in the We see a variance in the intensity
3. region of minimum intensity, of interference in diffraction.

in the case of interference.
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The width of the fringes in The width of the fringes is not
4, interference is equal in equal in interference.
interference.
The sources are referred to as If the number of sources is more
5 interference sources if the than to the source referred to
) number of sources is as few as diffraction so
as two sources.

Polarization: If the vibrations of a wave are present in JUQ direction in a plane
perpendicular to the direction of propagation, the wave | to be polarized or plane
polarised. The phenomenon of restricting the oscillations of a to just one direction in the
transverse plane is called polarization of waves.

Malus' Law: It states that the intensity of plane-pol that passes through an analyzer
varies directly with the square of the cosine of the an t the plane of the polarizer and
the transmission axes of the analyzer.

I—Ioc 26

Polarizer: A device that polarizes the unpolarl passed through it is called a polarizer.

@ through a certain substances, the plane of

ection of propagation of light through a certain
‘ y or optical rotation and the substances optically

Optical Activity: When plane polarized Jig
polarization of the light is rotated about
angle. This phenomenon is called optica
active.

Brewster’s Law: %

According to Brewster’s law, whunpolarlzed light is incident on a transparent substance
surface, it experiences maximum polarization at the angle of incidence whose tangent is
the refractive index of the'su ~ for the wavelength.

n =tan i (where, rmude@gl ‘

Double Refraction:

When unpolarlzedy cident on a calcite or quartz crystal it splits up into two refracted
ol

rays. one of which laws of refraction. called ordinary ray (O-ray) and other do not follow
laws of refraction. called extraordinary ray (E-ray). This phenomenon is called double
refraction.

Dichroism:

Few double refracting crystals have a property of absorbing one of the two refracted rays and
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allowing the other to emerge out. This property of crystal is called dichroism.

Polaroid:

It is a polarizing film mounted between two glass plates. It is used to produce polarized light.
A polaroid is used to avoid glare of light in spectacles.

Uses of Polaroid:

e Polaroids are used in sunglasses. They protect the eyes fro.
iall

e The polaroid’s are used in window panes of a train and ecially of an aero plane. They
help to control the light entering through the window. @

e The windshield of an automobile is made of polaraid. Sl{h a mind shield protects the
eyes of the driver of the automobile from the dazzling\ight of the approaching vehicles.

e The pictures taken by a stereoscopic came en with the help of polarized

spectacles, create three-dimensional effect.

Nicol Prism: A Nicol prism is an optical device whic sed for producing plane polarised light
and analyzing light the same.

called Canada balsam.

The Nicol prism consists of two calcite crysta:MS° with its principal axis joined by a glue

Validity of Ray Optics: By diffraction o

@ ravels, a parallel beam of light travels up to
distances as large as few meters can be broade

Fresnel Distance: The minimum distahee a beam of light can travel before its deviation from
straight line path becomes significant/ @ ceable is known as Fresnel distance.

@
ZF = -
As the wavelength of Iighm‘zmall, the deviation will be also very small, and light can be

assumed as travelling in astraight line.

So, we can neglec adening of beam due to diffraction up to distances as large as a few
meters, i.e., we can ass hat light travels along straight lines and ray optics can be taken as
a limiting case of w&

cs.
Therefore, Ray optics can be considered as a limiting case of wave optics.
Resolving Power:

If two point objects are close to each other, images diffraction patterns of those objects will
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also be close and overlap each other.

Limit of resolution of the instrument is the minimum distance between two objects which can
be seen separately by the object instrument.

Resolving Power (R.P) = L

Limit of Revolution
Resolving power of Microscope:

% 2us
R.P. of microscope = ”T

Where D is the aperture of the telescope.
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Important Questions

Multiple Choice questions-

1. The idea of secondary wavelets for the. propagation of a wave was first given by

(a) Newton
(b) Huygens
(c) Maxwell
(d) Fresnel Q

2. Light propagates rectilinearly, due to

(a) wave nature
(b) wavelengths

(c) velocity ®
(d) frequency
3. Which of the following is correct for light diverging oint source?

(a) The intensity decreases in proportion with the dista quared.
(b) The wavefront is parabolic. ﬁ
n

(c) The intensity at the wavelength does not d he distance.
(d) None of these.

4. The refractive index of glass is 1.5 for light %of X =6000 A in vacuum. Its wavelength in
glass is b (

(a) 2000 A

(b) 4000 A &
(c) 1000 A

(d) 3000 A cv

5. The phenomena which is not .w by Huygen’s construction of wavefront

(a) reflection
(b) diffraction Q
(c) refraction @

(d) origin of spectra

6. A laser beam is o ting distant objects because
(a) it is monochron&

(b) it is not chromatic
(c) it is not observed
(d) it has small angular spread.

7. Two slits in Young’s double slit experiment have widths in the ratio 81 :1. The ratio of the
amplitudes of light waves is
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(a)3:1
(b)3:2
(c)9:1
(d) 6:1

8. When interference of light takes place

(a) energy is created in the region of maximum intensity

(b) energy is destroyed in the region of maximum intensity

(c) conservation of energy holds good and energy is redistributed Q

(d) conservation of energy does not hold good
9. In a double slit interference pattern, the first maxima for infrared\ight would be

(a) at the same place as the first maxima for green light

(b) closer to the center than the first maxima for green lig o
(c) farther from the center than the first maxima for gre

(d) infrared light does not produce an interference pa

10. To observe diffraction, the size of the obstacle

(a) should be X/2, where X is the wavelength. 0
(b) should be of the order of wavelength.

(c) has no relation to wavelength. N

(d) should be much larger than the wave eng%

Very Short:

1. Sketch the refracted wavefront em m convex tens, If a plane wavefront is an
incident normally on it.

2. How would you explain the prop@ of light on the basis of Huygen’s wave theory?
efr

3. Draw the shape of the reflect
concave mirror.

4. Draw the shape of the wavefront when a plane wavefront is an incident on a

ont when a plane wavefront is an incident on a

prism.

5. Draw the type of wave at corresponds to a beam of light diverging from a point
source.

6. Draw the type (K nt that corresponds to a beam of light coming from a very far off
source.

7. Name two phenomena that establish the wave nature of light.
8. State the conditions which must be satisfied for two light sources to be coherent.

9. Draw an intensity distribution graph for diffraction due to a single slit.
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10.Name one device for producing plane polarised light. Draw the graph showing the
variation of intensity of polarised light transmitted by an analyser.

Short Questions:

1. How can one distinguish between an unpolarised and linearly polarised light beam using

polaroid? (CBSE Delhi 2019)

2. What is meant by plane polarised light? What type of waves sho
polarisation? Describe a method of producing a beam of plane po.

3. Write the Important characteristic features by which the Interf
distinguished from the observed diffraction pattern. (CBSE A

4. State Brewster’s law. The value of Brewster’s angle for the tramsparent medium is
different for the light of different colours. Give reason. (CBSE Belhi 2016)

5. Discuss the intensity of transmitted light when a polaroi eet is rotated between two
crossed polaroid’s.

6. Is energy conserved in interference? Explain.

7. Anincident beam of light of intensity lo is made to on a polaroid A. Another polaroid B
is so oriented with respect to A that there im merging out of B. A third polaroid C

is now introduced midway between A and B'andis so oriented that its axis bisects the
angle between the axis of A and B. What i intensity of light now between (i) Aand C

(i) C and B? Give reasons for your an

8. One of the slits of Young’s double-slit exp ent is covered with a semi-transparent
paper so that it transmits lesser Iigh% will be the effect on the interference pattern?
Long Questions:

1. Define the term wavefront. Usi en’s wave theory, verify the law of reflection.
Or
Define the term, “refractiy (Qo a medium. Verify Snell’s law of refraction when a plane
wavefront is propagating from adéenser to a rarer medium. (CBSE Delhi 2019)
Z,

(a) Sketch the refra ront for the incident plane wavefront of the light from a distant

object passing through ex lens.
(b) Using Huygens&le, verify the laws of refraction when light from a denser medium is
incident on a rarer medium.

(c) For yellow light of wavelength 590 nm incident on a glass slab, the refractive index of glass Is
1.5. Estimate the speed and wavelength of yellow light Inside the glass slab. (CBSE 2019C)

Assertion and Reason Questions-
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1. For question 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 but R is NOT the correct explanation of A.
c) Aistrue but Ris false.
d) Aisfalse and R is also false.

Assertion (A): When tiny circular obstacle is placed in the path @ from some distance, a
bright spot is seen at the centre of the shadow of the obstacle.

Reason (R): Destructive interference occurs at the centre of the ow.
2. For question two statements are given-one labelled ertiOn (A) and the other labelled
Reason (R). Select the correct answer to these questio the codes (a), (b), (c) and (d) as
given below.

a) Both A and R are true and R is the correct expla of A.

b) Both A and R are true but R is NOT the corrc@anation of A.
c) Aistrue butRis false. N

d) Ais false and R is also false.

Assertion (A): One of the condition fo ferénce is that the two source should be very
narrow.

Reason (R): One broad source is equal %e number of narrow sources.

Case Study Questions- cv
1. The phenomenon of bending o at'around the sharp corners and the spreading of light

within the geometrical shadow o paque obstacles is called diffraction of light. The light
thus deviates from its linear p he deviation becomes much more pronounced, when the
dimensions of the aperture or bstacle are comparable to the wavelength of light.
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Incident Diffracted

wave B l ; &
—>fle— —_T
S

Screen

(i) Light seems to propagate in rectilinear path because.

L
a) Its spread is very large.
b) Its wavelength is very small.
c) Reflected from the upper surface of atmo

d) Itis not absorbed by atmosphere.

(i) In diffraction from a single slit the angular widthof the central maxima does not depends

on: N
a) A of light used.
b) Width of slit.
c) Distance of slits from the scre
d) Ratio of A and slit width.
(iii) For a diffraction from a singleslit, th€ intensity of the central point is:

a) Infinite. %

b) Finite and same mag as the surrounding maxima.
c) Finite but much large the surrounding maxima.

d) Finite and sub maller than the surrounding maxima.

(iv) Resolving power of e increases when:

a) Wavelength o ecreases.
b) Wavelengt ight increases.
c) Focal len eye-piece increases.

(v) In a single diffraction pattern observed on a screen placed at D metre di stance from the
slit of width d metre, the ratio of the width of the central maxima to the width of other
secondary maxima is:

a) 2:1
b) 1:2
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c)1:1
d 3:1
2. Huygen's principle is the basis of wave theory of light. Each point on a wavefront acts as a

fresh source of new disturbance, called secondary waves or wavelets. The secondary wavelets
spread out in all directions with the speed light in the given medium.

An initially parallel cylindrical beam travels in a of refractive
index #(I) = po + p2l, where p10 and p12 e positive constants the intensity of the
light beam. The intensity of the beam is decreasing with increasin s.
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(i) The initial shape of the % ront of the beam is:

a) Planar.
b) Convex.
c) Concav

d) Convex\nea axis and concave near the periphery.

(ii) According t:Ms Principle, the surface of constant phase is:
a) Called an optical ray.
b) Called a wave.

c) Called a wavefront.
d) Always linear in shape.
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(iii) As the beam enters the medium, it will:

a) Travel as a cylindrical beam.

b) Diverge.
c) Converge.
d) Diverge near the axis and converge near the periphery.

(iv) Two plane wavefronts of light, one incident on a thin conve d another on the
refracting face of a thin prism. After refraction at them, emerging wavefronts
respectively become.

a) Plane wavefront and plane wavefront.
b) Plane wavefront and spherical wavefront. ‘ )
c) Spherical wavefront and plane wavefront.
d) Spherical wavefront and spherical wavefront. P
(v) Which of the following phenomena support the w ory of light?
1. Scattering.
2. Interference.
3. Diffraction.
4. Velocity of light in a denser mediu than the velocity of light in the rarer
medium.
a) 1,2,3 %
b) 1,2,4
c) 2,3,4
d) 1,3,4

nswer Key:

Multiple Choice Answer

Answer

© 0N o ;b W N

10.Answer:

O’
O
Answer:
Answer:
Answer:
Answer:
Answer:
Answer:

Answer:

Answer:

5
Ny
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Very Short Answers:

1. Answer: The figure is as shown.

Incident ™
plane wave ! "SR
t {«F
v

Spherical wavefront

of radius f
L
2. Answer: To explain the propagation of light we have t a wavefront at a later instant
when a wavefront at an earlier instant is known. This,can be'drawn by the use of

Huygen’s principle.

3. Answer: The reflected wavefront is as sho n.Q
.,  Concave mirror K:

Sphe % efront
or rad R

4. Answer: The shape of the %} ont is as shown.
—

Incident
plane wave

=

5. Answer: The wavefront formed by the light coming from a very far off source is a plane

and for a beam of light diverging from a point, a wavefront is a number of concentric
circles.
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Rays

Source

Wavefronts

6. Answer: The wavefront is as shown.

=%

7. Answer: Interference and diffraction %:

8. Answer:
(a) Two sources must emit light of tNe wavelength (or frequency).

(b) The two light sources must be.ei in-phase or have a constant phase difference.

\ J

Y

9. Answer:
The intensity distribution for a -slit diffraction pattern is as shown.
I

2 A2 M2 % W2
— 3 Path difference

10.Answer: Nicol prism can be used to produce plane polarised light. The graph is as shown.
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1 L
0 45 90° 1357 180°

Short Questions Answers:

1.

. Answer:

Answer: The two lights will be allowed to pass through a polariser. When the polarizer is

rotated in the path of these two light beams, the intensity ofilight remains the same in all
the orientations of the polariser, then the light is unpol ised@ut if the intensity of light

varies from maximum to minimum then the light beam is‘a polarised light beam.

e The light that has its vibrations restricted in onl %
light.

plane is called plane polarised

e Transverse waves show the phenomen ization.

Light is allowed to pass through a polaraid. polaroid absorbs those vibrations
which are not parallel to its axis and al ly those vibrations to pass which are
parallel to its axis.

. Answer:

(a) In the interference pattern the inges are of the same width, whereas in the
diffraction pattern they are not c(w e width.
(b) In interference all bright fri equally bright while in diffraction they are not

ri
equally bright. 6

. Answer:
When the reflected ray efracted ray are perpendicular then p = tani, where iy is

the polarising angle or @ter angle.
Brewster’s angle de s upon the refractive index of the two media in contact. The

refractive index’in depends upon the wavelength of light used (different colours)
hence Brewsterw s different for different colours.
Answer:

Let I, be the intensity of polarised light after passing through the first polarizer P1. Then
the intensity of light after passing through the second polarizer P, will be | = l,cos 26,
where 8 is the angle between pass axes of P1 and P,. Since P1 and Ps are crossed the angle
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between the pass axes of P, and Pz will be (/2 — 8). Hence the intensity of light emerging
from P3 will be

| =1, cos? B cos? (90° —0) = |, cos? 8 sin? B = (lo /4) sin? 20

Therefore, the transmitted intensity will be maximum when 6 = /4

6. Answer:

Yes, energy is conserved in interference. Energy from the dark fringes is‘@ccumulated in

the bright fringes. If we take
= .1a2c05=—f then intensity at bright points is Imay = 42% and intensity at :“eQa lmin = 0. Hence average
intensity in the pattern of the fringes produced due to interference is given by
v Tmaxtlmia __ 46240 _ . .
I = 3 == 5 23

®
oint on the screen will be | =
interference pattern.

But if there is no interference then total intensity at ever
a% + a% = 2a?, which is the same as the average int

7. Answer: Polaroids A and B are oriented at an angl @ o light is emerging out of B.
On placing polaroid C between A and B such thatits‘axi§ bisects the angle between axes

of A and B, then the angle between axes of polaroi and B is 45° and that of Cand B
also 45°.

(a) Intensity of light on passing through P id A or between Aand Cis |1 =l;°

(b) On passing through polaroid C, inte offight between C and B becomes

1 1
l =11 cos? 0 == x cos? 45° = :
8. Answer: There will be an interference ern whose fringe width is the same as that of
the original. But there will be a d in the contrast between the maxima and the
minima, i.e., the maxima will ess bright, and the minima will become brighter.

Long Questions Answers:

1. Answer: Q

The wavefront is a Iocn@mts that oscillate in the same phase.

Consider a plane wayefr B incident obliquely on a plane reflecting surface MM™. Let
us consider the onWhen one end A of was front strikes the mirror at an angle i but

i
the other end B& o cover distance BC. The time required for this will be t = BC/c.

According to Huygen’s principle, point A starts emitting secondary wavelets and in time t,
these will cover a distance ¢ t = BC and spread. Hence, with point A as centre and BC as
radius, draw a circular arc. Draw tangent CD on this arc from point C. Obviously, the CD is
the reflected wavefront inclined at an angle ‘r’. As incident wavefront and reflected
wavefront, both are in the plane of the paper, the 1% law of reflection is proved.



WAVE OPTICS

S

To prove the second law of reflection, consider AABC and AAD@ AD (by

construction), < : )

£ABC = £ADC =90° and AC is common.

Therefore, the two triangles are congruent and, hence ACg £/DCAor £i=4r,i.e.The
angle of reflection is equal to the angle of incidence, is the second law of reflection.

o)

.
The refractive index of medium 2, w.r.t. mediu e s the ratio of the sine of the angle
of incidence (in medium 1) to the sine of the apgle ofirefraction (in medium 2), The
diagram is as shown.

Incident wavefront %
Medium 1 : ;

O
From the diagram @

BC vt

i BC vt
il ACQ
Y

nr=-—
And si ol

Therefore, SN _ V¥

-
sinr v,

12

2. Answer:
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(a) Refracted wavefront

Incident ¥
: * Sph I
\ erica
Wavefront ! e -

- wavefront
(b) Refraction from denser to the rarer medium: Let XY be plane refracting surface
separating two media of refractive index p1 and pa (pa > p2)

Let a plane wavefront AB incident at an angle i. According to H @ s principle, each
point on the wavefront becomes a source of secondary waveletsand

Time is taken by wavelets from B to C = Time taken by wav m AtoD

A

BC AD

e ra B0 o)
BC v, ; J'

. AD v, ‘

In right angle AABC cv

BC

— =sini

O
orBC=ACsinij (i)
Similarly, in right ang%

AD =ACsinr .. (i)
From (ii) and (iii)

B n in i
o
From (i) and (ii), we'have
%

sini 11
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Given A =590 nm, u=1.5
Velocity of light inside glass slab.

Wavelength of yellow light inside the glass slab.
M=o =30 =303330m

Assertion and Reason Answers-
1. (c) Ais true but R is false.
Explanation:

The waves diffracted from the edges of circular obstacle,/place@®in the path of light, interfere
constructively at the centre of the shadow resulting in t ation of a bright spot.

2. (a) Both A and R are true and R is the correct expla f
Explanation:

As a broad source is equivalent to a large numbegof nafrow sources lying side by side. Each set
of these sources will produce an interference ‘patte f its own which will overlap on another
to such an extent that all traces of a fringe syst s lost and results in general illumination.
Because of this reason, for interference ar%t should be used.

Case Study Answers-

1. Answer: &
(i) (b) Its wavelength is very smal
Explanation:

The wavelength of visible Iiery small, that is hardly shows diffraction, so it seems to
propagate in rectilinear path

(ii) (c) Distance of slits fro creen.

Explanation:

_2
Angular widtwmaxima, 20 = g *
Thus, 6 doesM nd on screen i.e., distance between the slit and the screen.

(iii) (c) Finite but much larger than the surrounding maxima.
Explanation:

diffraction pattern is shown in the figure. From the graph it is clear that the intensity of
the central point is finite but much larger than the surrounding maxima.
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(iv) (a) Wavelength of light decreases.

- S
S

Explanation:
o

a
Resolving power of telescope ~ 1.22A

~ It increases when wavelength of light decreas r abjective lens of greater
diameter is used.

(v) (@) 2:1 0

Explanation:

__2)D
Width of central maxima ™~ e ?

=2:1

2. Answer : Q
(i) (a) Planar.
Explanation: Q

As the beam is initial@llel, the shape of wavefront is planar.

(ii) (c) Called a wavefront.
Explanation:
JUN

According to Principle, the surface of constant phase is called a wavefront.

width of other secondary maxima
~ Width of central maxima: width‘&\er secondary maxima

(iii) (c) Converge.
(iv) (c) Spherical wavefront and plane wavefront.

Explanation:



WAVE OPTICS

After refraction, the emerging wavefronts respectively become spherical wavefront and
plane wavefront as shown in figures (a) and (b).

Incident plane Spherical Incident plane  Plane
wavefront ~ wavefront ~ wavefront  wavefront

(a) (b)
(v)(c)2,3,4
(vi)

I
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