5) INTERFERENCE

Wavefront : Wavefront is defined as the locus of the particles of the medium which are in the
same state of vibration.

The line along which energy is propagated is called a ray. It is perpendicular to wavefront at any
point.

Types of wavefront :

Spherical wavefront : A wavefront due to a point source in athree dimensional isotropic spaceis

called spherical wavefront. In case of spherical wavefront intensity varies as 1/r%
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Cylindrical wavefront : If the source is a linear source of light, the wavefront is a cylindrical

wavefront. In case of cylindrical wavefront intensity varies as 1/r.

Plane wavefront : When the source is at infinite distance, the radius of curvature of wavefront
will be very large. A small portion of spherical wavefront with source at infinite distance is a plane
wavefront. In case of plane wavefront intensity is constant.

Huygen’s principle : Each point on the wavefront becomes a source of secondary disturbance and

sends secondary wavel ets which travel s with the same speed as that of the original waves.

A surface tangential to al these secondary wavelets is the new wavefront. Huygen's theory
explained satisfactorily phenomena like reflection, refraction, interference and diffraction of light.

Secondary wavelets spread out as spherical secondary wavefronts with the speed of light.
The tangential surfaceto all the secondary wavefronts gives the new wavefront.
The intensity of the secondary wavefront is given by 1=lp(1+cos¢ ) where ¢ is the angle between

the origina direction of propagation and the direction of observation. This shows that the
secondary wavefront has zero intensity in the backward direction.

Principle of superposition of light waves:

9.

10.

11.

When two or more than two waves superimpose over each other at a common point of the medium
then the resultant displacement (y) of the particle is equal to the
vector sum of the displacements (y1 and y,) produced by individua F>=— | yo.

wavesi.e, y=yi+ys.

When the displacement due to two wave are in the same direction ~—

(i.e., same phase) then resultant displacement isy =y; + ya.
When the displacement due to two waves are mutually in opposite direction (i.e., opposite phase)

then resultant displacement will bey =y —ys.
Ys

If two waves are represented by yi1=aisin(ot) and y,=asin(ot+¢), the FES——
Yi-Y.

resultant wave equation is y=y;+y,=Asin(ot+6) where the resultant

amplitude A:\/a12 + ag +2a4a, cos¢ and phase angle =,

6= Tan"!|225N¢
aq +as COS(D

The resultant wave is also a harmonic wave of the same frequency. The resultant wave amplitude

A will be maximum when cos¢ =11i.e.,, when ¢=2nr,n=0, 1, 2, .....
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
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Amax=aqtap

Theinterferenceis then said to be constructive.

The resultant wave amplitude will be minimum when cos¢ =—1, i.e., when ¢ =(2n+1) =, n=0, 1, 2,..
Aminzlal—azl

The interference is then said to be destr uctive.

Non coherent and coherent sources of light :

Non coherent sources — Two sources of light, whose frequencies are not same and phase
difference between the waves emitted by which does not remain constant with respect to time, are

defined as non coherent sources.

The light emitted by two independent sources (candles, bulbs etc.) is non-coherent and

interference phenomenon cannot be produced by such two sources.
Theintensity of light or positions of fringes keep or changing in 10 second.

Coherent sources — The two sources of light, whose frequencies (or wavelength 1) are same and
the phase difference between the waves emitted by which remains constant with respect to time

are defined as coherent sources.

They are obtained from the same single source.

These can be apparent or real.

Laser light is highly coherent and monochromatic.

The distance between them is small.

Their state of polarization is the same.

These sources are of two types (i) Spatial coherent sources, (ii) Temporal coherent sources.

There are two methods of obtaining these sources (i) Division of wave front, (ii) Division of

amplitude

Compar ative study of two methods::

Division of wavefront Division of amplitude

The light source is narrow. Light source is extended.

The wavefront emitted by a narrow source is: The amplitude of wave emitted by an

divided in two parts by reflection or extend source of light is divided in
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refraction. two parts by partial reflection and

partia refraction.

The coherent sources obtained are imaginary.  The coherent sourcesobtained arered.

E.g., Fresnel’s biprism, Llyod's mirror, E.g., Newton'srings, Michdson's
Young's double dlit etc. interferometer coloursin thin films.
23. In Young's double dlit experiment two points of the same wavefront are used as two coherent

sources where asin Fresnel’s biprism two virtual images of same original source are used as two

coherent sources.
24, In Lloyd’sone original source and itsimage are used as coherent sources.
Interference of light :

25. When two light waves of nearly same amplitude, same frequency and traveling in the same
direction of medium, superimpose over each other then there occurs variation of intensity of light

with distance (maximum and minimum). This phenomenon is defined as interference of light.
26. The experiment on interference of light was first performed by Y oung in 1802.

27. The energy or intensity of light gets redistributed non uniformly as a result of superposition of the

light waves.
28. Interference is observed in both longitudinal as well as transverse waves.
29. In interference phenomenon energy in neither created nor destroyed rather there occurs

redistribution of energy in the form of maxima and minima.

30. The interference of light takes place in two waves. (1) Constructive interference.

(2) Destructive interference.

Constructiveinterference:
31. Theresultant amplitude of wave is equal to the sum of amplitudes of individual waves. A=a+ap.

32. The amplitude of resultant wave is maximum.

33. Theresultant intensity is more than the sum of intensities of individual waves. i.e., I=l1+12+2./1115
34. Theintensity of resultant wave is maximum. |.e., Ima= (/11 +4/12)2 .

35. The phase difference between two wavesis an even multipleof «,i.e., ¢ =2nz wheren=0, 1, 2..

36. The path difference between two wavesis an integral multiple of A ;i.e., x=nA wheren=0, 1, 2,...
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Thetime interval between two wavesis an even multipleof T/2 i.e., 1= 2”@) wheren=0, 1, 2...

Destructiveinterference:

38.

39.

40.

41.

42.

43.

44.

The resultant amplitude of wave is equal to the difference of amplitude of two waves. A=as—&
The amplitude of resultant wave is minimum.

The resultant intensity is less than the sum of intensities due individual waves.
e, 1=l+H2./140, .
The intensity of resultant wavesis minimum. i.e., Imin=(,/I; —/12)2.

The phase difference between two wavesis an odd multiple of = i.e., ¢ = (2n-1)n wheren=1, 2, 3....

The path difference between two wavesis an odd multipleof A/2,i.e.,, x=(2n- 1)% wheren=1, 2, ..

Thetime interval between two wavesis an odd multiple of T/2,i.e., 1= (2n- 1)% wheren=1, 2, 3..

Conditionsfor sustained interference pattern :

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

The source of light must be monochromatic.
Two sources of light must be coherent.
Freguencies (wavelength, time period) of two waves must be same.

The amplitudes of two waves must be nearly equal otherwise the contrast between two light sources

and the screen must be large.

The distance between two light sources must be small and the distance between the source and the
screen must be large.

The two coherent sources must be narrow.

If the two light waves are polarized then their states of polarization must be same.

The two light waves must travel in the same direction.

if the source of light is white, then the path difference between the waves emitted by it must be small.

The vibrations of two waves must be in the same direction.

Shape of thefringes:

55.

The alternate bright and dark strips obtained on the screen as a result of interference are known as

interference fringes.
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56. The interference fringes are hyperbolic in shape, because the
focus of path difference (S;P-S,P) for a given value of nis a
hyperbola. The foci of this hyperbolaare S; and S,.

57. Fringeswill be straight if D>>d.

58. Fringe of zeroth order — The fringe obtained at the centre of screen is known as zeroth order fringe.

The distance of other fringes are measured from this central fringe.

59. The distance of n" bright fringe from central fringe y,, = % wheren=0, 1, 2, .....

60. The distance of n" dark fri nge from central fringe y,, = (2n- 1)2—(;L wheren=0, 1, 2, .....

61. The production of bright or dark fringes depends upon of path difference (x=S,P-S,P).

-yd

62. If X D - n\ , then bright fringes are produced on the screen.

63. If x = yEd =(2n- 1)%, then dark fringes are produced on the screen.

64. Theformation of fringesisin accordance with the law of conservation of energy.

65. The distance between two consecutive bright or consecutive dark fringesisknown asfringewidth B .
DA
66. B=Yn—VYn :F-

A o Jw wherew iswidth of the glit.
Angular fringewidth (o) :
67. The ratio of fringe width to source screen distance is defined as angular fringe width (o) i.e,

0-B_2
D d

68. It hasno unit.
Dependence of fringe width :

69. B depends on the wavelength of light used. i.e., BaA .
70. B depends on the distance between two coherent sourcesi.e., Ba% .

71. B depends on the distance of screen from the sourcei.e, BaD. If D isvery large, then B will aso be

large and interference pattern will not be observed.
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Fringevisbility (V) :

7p = tmax ~lmin _ 212

Imax + Imin l4+12

73. If 1min=0, then V=L1. In this state the fringe visibility will be maximum (best).
74. If 1max=0, then V=-1.

75. With the help of visibility, knowledge about coherence, fringe contrast and interference pattern is
obtained.

76. If Inmax=Imin, then V=0. In this condition interference pattern will not be visible.

Resultant intensity :

77. 1=11+1,+2 /141, cos ¢ Where ¢ isthe phase difference between two waves.

78. 1=a% +a3 +2aya, cos ¢

79. If 11=12=lg, | = 214[1+cos¢] = 41, cosz(gj.

N

-6 ~4N -2 © 27 47 &7

Averageintensity (la) :
I + i
80 Iav — max2 min
2 2
81. I =ay+a; =14+l =2l
Young' sdoubledlit experiment :

82. Theinterference of light was demonstrated for the first time with the help of this experiment.
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84.

85.

86.

87.

88.
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In this experiment asingle dlit is exposed to two dlits.
This experiment verifies the wave nature of light.
The dit S; and S, behave as coherent sources.
The bright and dark fringes are obtained aternately.

The bright fringes are the result of constructive interference whereas dark fringes are the result of
destructive interference.

The central fringe is bright with monochromatic light whereas it is achromatic (white) with white
light.

The formation of fringesis explained on the basis of the Huygen' s wave theory of light.

Changes observed in the interference pattern obtained in Young's double dlit experiment :

89.

90

91.

92.

983.

94.

95.

96.

97.

98.

The fringe width Bincreases with increase of distance between the source and the screen and vice
versa.

B decreases by increasing distance between two dlits S; and S; and vice versa.

If the experiment is repeated in water instead of air, then 2 decreases and consequently B decrease.

When S; and S, both are open, then |=4a’=(ay+a)>.

When one of the ditsof S; and S; is close, then I:a2:a12 = a3 in this state interference does not take
place and uniform illumination is obtained on the screen.

When one dlit is fully open and another one is partially open the contrast between the fringes
decreases.

When the two dlits are illuminated by two independent sources then interference fringes are not
obtained.

If atransparent thin film of mica or glassis put in the path of one the dlits (waves) then the whole of

interference pattern gets shifted towards the side where film is placed. The distance through which

the central fringe gets shifted is %(u -1t

When one of the dlitsis closed and width of another is made of the order of 1, then diffraction fringes

are observed.

When one of the dlits is covered with the blue and another one with red transparent papers, the
interference pattern is not observed because the wavelengths of two are not same.
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99. When dlit isilluminated with different colours, then fringes are obtained of the same colour but their

fringe width is different.

100. When the distance between the ditsd<a then g >D i.e., the fringe pattern will not be visible

{[?):DF)L sd< A .'.[3>D}

101. When D>>d and white light source is used, then the wavelength absent infront of one of the sources

2 2 2
will be =94 47 9
D 3D 5D

2
Path difference=(D*+d?)— :g_D of the point.
, N A
Path difference for dark fringe 25" (en - 1)E

2 2
where on putting n=1, 2, 3... the missing wavelengths %, g—D are obtained.

102.I1f an additional phase difference of nis created in one of the waves then the central fringe becomes

dark.





