V- WAVE OPTICS VvV

1. WAVE NATURE OF LIGHT J] 2. HUYGENS' PRINCIPLE 3. WAVEFRONT 4. COHERENT SOURCES [ 5. INTERFERENCE

« Light shows wave nature which
explains the phenomena of
interference, diffraction and
polarisation.

« Every point on a wavefront acts

as a source of secondary
wavelets.

¢ The new wavefront is the
forward envelope of these
wavelets,

Requires principle of superposition. /@\_’
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6. YOUNG'S DOUBLE SLIT EXPERIMENT (YDSE)

“ s, / |

/
/
/

New wavefront

Used to explain :
» Reflection

Fringe width (B) :

D

Key Points
» Fringes are equally spaced and parallel to slits.
* Central fringe (n = 0) is bright,
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(ii) Telescope (Angular Resolution)

Minimum angle of resolution :
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Where, D — aperture diameter

Smaller # -+ Better resolving

(ii) Microscope (Limit of Resolution)

Resolving power :
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Where, ¢ = refractive index of medium
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A = wavelength of light
1O D= cstance between sits

and screen

d = distance between siits
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* Refraction

Locus of points having same phase.

Types :
(i) Spherical wavefronts
(from a point source)
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(ii) Plane wavefronts
(from a distant source)

Fringe Position and Order

Position of nth bright fringe from
central maxima :
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Position of nth dark fringe :
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Order of fringe (n) : 0, £1, £2, £3 ...

Fringe Pattern (Intensity)
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10. POLARISATION

» Restriction of vibrations of light in one plane
perpendicular to direction of propagation.

* Only transverse waves can be polarised.
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e Types
= (i) Plane Polarised Light (i) Unpolarised Light
Y, i Vibrations in single Vibrations in all
plane. planes,
power » o

Methods of Polarisation

« By Polaroids (Selective absorption)

* By Reflection (Brewster's Law)
Brewster's Law : tani, = n »

At angle i, (polarising angle), reflected

6 = semi-angle of cone of light

13. IMPORTANT GRAPHS / PATTERNS

Incident ray
-

light is completely plane polarised.
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(Fringes shift by

Two sources are coherent if they have :

« Same frequency (or wavelength)

» Constant phase difference

Necessary condition for
sustained interference.

Examples :
¢ Two slits in YDSE

« Light from same source

Resultant intensity at a point :
I =1 +1+ 2y 1, cos ¢

Where, I, and [, are intensities of
individual waves and ¢ is phase
difference.

Important Resuits

¢ Maximum intensity :

= (VI, + \/1—'>)

max h

¢ Minimum intensity :

(VI — VI)*

l'l‘llll o

Fory =L =1:

Imax =41, Imin =0

is placed in front of one slit.

Ayz—g(n—l)t.’

Shift is towards the slit in which
thickness is introduced.
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Redistribution of intensity due to
superposition of two (or more)
coherent waves,

Path Difference Conditions
(i) Bright (Constructive)
Ax = nA
n=01,223,...
(ii) Dark (Destructive)
A
=(2n+1) >
n=0123,...

Phase Difference :
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7. INTENSITY IN INTERFERENCE 8. DIFFRACTION

Bending of light around the
edges of an obstacle or apertures.

Significant when slit width (a)
is comparable to wavelength (A).

Single Slit Diffraction :
Minima (dark) condition :
asinfl = nA
n=1,2,3..

Diffraction Pattern

(i) Interference Pattern (YDSE)

(ii) Single Slit Diffraction Pattern
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Y, SN TR
28 - 0 B 28 20 A 0 2A
a a l a a
Br}ght Dark Central
maximum

v/ Wave optics shows the wave nature of light.

v Superposition of coherent waves leads to interference.

v YDSE is the most important experiment (fringe width, position, shift).

v Diffraction is prominent when slit/aperture size = wavelength.

v/ Polarisation confirms that light is a transverse wave.

(ii1) Intensity Variation
(with phase difference)
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v/ Brewster's law gives condition for complete polarisation by reflection.

16. KEY POINTS (HIGH WEIGHTAGE)

v’ Resolving power improves with larger aperture (telescope) or smaller wavelength.

* Intensity at a point

» Minima in single slit diffraction

* Resolving power (telescope)

» Resolving power (microscope)

* Brewster's law
» Fringe shift

Reflected ray
(Plane polarised)
>
Refracted ray D
14. KEY FORMULAS SUMMARY

* Path difference (bright) Ax = nA

* Path difference (dark) Ax = (2n+ 1) ;

+ Fringe width (YDSE) 3 *‘_:’

* Position of nth bright fringe vy, = n f\~‘~D

*» Position of nth dark fringe v, (n + : '\-J)

I=5L+1I +2\/I,I,cusd>

a sin() = nA

%

v/ Missing fringes occur due to overlap of diffraction and interference.

v/ Wave optics questions are mostly formula based + concept based.
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Central maximum
(Brightest & Widest)

When a thin transparent sheet of
thickness t and refractive index n

Due to combination of diffraction
and interference,

When minima of diffraction
coincides with maxima of
interference, that bright fringe
disappears.

These are called "missing fringes”.

Conditions for missing fringes

in YDSE (single slit of width a):
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15. IMPORTANT CONSTANTS / FACTS

* Speed of light in vacuum

c=3x10ms!

¢ Relation between A, f,c: ¢ = Af

e Only transverse waves show
polarisation.

* Central maxima in diffraction is
twice as wide as others,

« Interference fringes have equal
spacing.

17. EXAM FOCUS

YDSE (3. v,,, shift, intensity)
Diffraction (a sinf = nA, pattern)
Polarisation (Brewster's law)

Resolving power (#, RP)

Missing fringes




