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n 2 for second bright fringe and so on  
d distance between two slits 
D = distan� of slits from the screen 
x,, = distance of nm bright fringe from the centre. 

. D  x,
1 
= n1�-d 

e For destructive interferen c e  (i.e. formation of dark 
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IU#ii5iHriti 
The interference pattern of two identical slits eepamted 
by a distance d = 0.25 mm is observed on a screen at a 
distance of 1 m from the plane of the slits. rne slits are 
illuminated by monock-omatic light of wavelength 589.3 run 
(scdiuzn D) travelling perpendicular to the plane of rhe 
slits. Bright bands are observed on each side of the 

fringes). 
For n" dark fringe, 

i central maxima. Calculate the separation between adjacont 
bright bands? 

Pall, dilferenre = x - d_ = (2n - 1) 1� . . " D  2 
where 
n J fur first dark fringe, 
n = 2 for 2nd dark :fringe and so on. 
x

11 
= distance of nth dark fringe from the centre 

A D  :. x, = {2n-1)2 ,r 

• Fringe width : The distance between any two consecutive 
bright or dark fringes is known as fringe width. 
_ .  ·=• " 1D l"nnge Wlum, !-' = d 

• Angular fringe width, 0 = ! = 1:: D d 
@ If �, w;, are widths of two slits, JP 12 are intensities of 

iigi1it oombg from two slits; a, b are the amplitudes of '
[ light from these slits, lhen 

W
1 

1, a' 
YV2 = I1 "''j; 
�:m..= (a .+ b)2 

Im:. (a - b)' 

Fringe visibility, V = 1max -JwJn 
lmax + lrrnn 

� When entire apparatus of Young's double slit experiment 
is immersed in a medium of refractive in.dcA µ, the.n frin2:e 
width becomes 

�' =
'-'D 

=
l,D =jl 

d µd µ 
® \\''ben a thin transparent plate of thickness t and refractive 

index µ is placed in the path of @e of the interfering 
waves, fringe width remains unaffected but tbe entire 
pattern shifts by 

LIX (µ -1) I D = (µ - 1) I jl d . "A 
This shifting is towards the side in which transpa:rer.t 
plate is introduced, 

Coherent sources 

• The sources of light, which emit e-ontinuous light waves 
of the same wavelength, same frequency and in same 
phase or having a constant phase difference are known 
as coherent sources. 

® Two independent sources of light cannot be coherent 

Solo.: Fringe width (13) = 
D), (1 m)(589.3 x 1 0 -9 m) 
d (0,25 X 1 0 -3) ffi 

= 2 x lW:, m = 2 mm, 

lil@ttOM,ifi 
In a "il)SE, the shts are 2 mm apart and are illuwJnated 
with a mixture of two wavelengths A = 7 50 nm and  
}./ = 900 nm. At what distance from the common central 
bright fringe on a screen 2 m. frorn the s lits will a bright 
fringe from one interference pattern coincide with a bright 
fringe from the other? 
Sol!L: The nth bright fringe of the Jc parte.rn and the n" brla;ht fringe o f  the J,.,J pattern are situated at 

, D')./ n -
d 

As this coincide; J\ = Yr/ 

=:;;. 

nDf� n1DA: 
d d 

Jc' 900 6 
n' 1c 750 5 

hence the first position where overlapping occur is 
6(2m)(750 x io-9m)  

(2 X 1 0 -3m) 
= 4.5 :U-llil. 

The intensity of the light coming from one of the slits ir: 
a YDSE is double the intensity from the other slit Find 
the ratio of  maxit:1� intensity to minimum intensity in 
the interference fringe pattern observed. 

1.,., 
Soll.: I

T.ltll 

DIFFIIACTION OF LIGHT 

34. 

s, It is the phenomenon of bending of light around corners 
of an obstacle or aperture in the path of light. On account 
of this bending, light penetrates into the geometri;;.';al 
shadow of foe obstacle. The deviation is more effective 
when the dimensions of the obstacle or aperture are 
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comparable to the wavelength of light. This is, therefore, the essential condition for diffraction of light. • Diffraction of light is of two types : Fresnel diffraction Fraunhofer diffraction • Fresnel diffraction : In this case, the source or the screen or both are at finite distances from the aperture or obstacle causing diffraction. • Fraunhofer diffraction : In this case, the source and the. screen on which the pattern is observed are at infinite distances from the aperture or the obstacle causing diffraction. 
Diffraction due to a Single Slit • The diffraction pattern produced by a single slit of width 

a consists of a central maximum bright band with alternating bright and dark bands of decreasing intensity on both sides of the central maximum. • Condition for nth secondary maximum is 
Path difference = a sine. = (2n + 1) � 

where n = 1 , 2, 3, ...... . • Condition for nth secondary minimum is Path difference = asin8" = nA wheren = 1 ,2, 3, ...... . • Width of secondary maxima or minima 
').D 'J..f where P =- = -
a a 

a = width of slit D = distance of screen from the slit 
f = focal length of lens for diffracted light 
W.dth f . 2').D 2/'). 

1 o central maXlIIlum = --= --. 
a a 

• Angular fringe width of central maximum = 2)... 
a 

• Angular fringe width of secondary maxima or minima = !: a 
Illustration 19 

Light of wavelength 580 run is incident on a ·slit of width 0.30 mm. The observing screen is placed 2.0 m from the slit. Find the positions of the first dark fringes and the width of the central bright fringe. 
Soln.: For first dark fringe, 

A 5.8 x l0-7m 
Sin 0 = ± - = ± ---- = ± 1.9 X 10-3 

a 0.3 x 10-3m The positions of the first minima, measured from the central axis are 
y

1 
= ± D tan 8 "" ± D sin 8 As 0 is small, tan 8 = sin 8 

=} y
1 
= ±D (;) = ± 2 (1.9 x 10-3 m) = ± 3.8 x 10-3 m 

The positive and negative signs correspond to the first dark fringes on either side of the central bright fringe. Hence, the width of the central bright fringe is given by 2 [y1 J = 7.6 x 10-3 m = 7.6 mm. Note that this value is much greater than the width of the slit (0.3 mm) 
IIJustration , 20 

In a single slit diffraction experiment, first minimum for red light (660 nm) coincides with the first maximum of another wavelength -A'. Then find the value of A'. 
Solo.: For minima, d sin e = n'A 

Here n = 1 ,  d · (�) = 1 · (6600 A) 
D 

y
1 

= d·(6600A) 
Now, first maximum is approximately between the first minima and second minima. 
Yi = ( Y1 : Y2 ) = (1 � 2} D:' 
As y

1 
= y

1 
=> � (6600A) = (%) � 1.. 1 

2 x  6600A ;..' = ---- = 4400 A 3 
Fresnel distance • It is the minimum distance a beam of light bas to travel before its deviation from straight line path becomes significant. 2 Fresnel distance, Z F = a

A 

Resolving power • It is the ability of an optical instrument to produce distinctly separate images of two close objects i.e. it is the ability of the instrument to resolve or to see as separate, the images of two close objects . 
Limit of resolution • The minimum distance between two objects which can just be seen as separated by the optical instrument is known as the limit ofresolution of the instrument. Smaller the limit of resolution of the optical instrument, greater is its resolving power and vice-versa. 
Rayleigh's criterion of limiting resolution • According to Rayleigh, two nearby images are said to be resolved if the position of the central maximum of one coincides with the first secondary minimum of the other and vice versa. 
Resolving power of a microscope • It is defined as the reciprocal of the minimum distance d between two point objects, which can just be seen through the microscope as separate. 
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1 Resolving power d 
where µ is refractive_ index of tbe medium between ob.]ect and objective 0 is half the angle of cone of light from the point object, d represents limit of resolution of microscope and µsine is kno\,n as the numerical aperture. 

Resolving power of a leiescope 

@ It is defined as reciprocal of the smallest angular separation (d6) between nvo distant objects, whose image-s are just seen in t.1.e telescope as separate. 
, I D Resolvmg power = de := 1 22 A where D is diameter or aperture of the objective lens of the telescope, d0 represents limit of resolution of telescope. 

l'OLARIZATION OF LIGHT w T'ne phenomenon of restricting the vibrations of (electric vecror) in a particular direction, perpendicular to direction of wave motion is known as polarization of Ught. w The plane in which vibrations of poiarized light are confined is known as plane of vibration. 
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i o A plane which is perpendicular to the plane of vibration. is known as plane of polarization. 
Angle of Polarization ! ® ille angle of incidence for which an ordinary light is completely polarized in the plane of incidence when it gets reflected from a transparent medium. 
L-s of Malus 

® According to law of Malus, when a beam of completely plane polarized light is  incident on an analyser. the resultant intensity of light {J) transmitted from the analyser varies directly as the square of the cosine of the angle (0) between plane of transmission of analyser and polafuer 
i.e, 

Brewster's law 

I= cos::e 
e According to Brewster's law� when unpolarized light is i'lcident at polaf,zing angle (iP) on an interface separating a rarer medium from a denser medilli-n of refractive index µ, such that 

p, = tan iP then light is reflected in the rarer medium is completely polarized. The reflected and refracted rays are perpendicular to each other. 


