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                                                    UNIT- II  -   INTERFERENCE 

 

 

 

 

 

 Introduction 

  The variation in light intensity due to the superposition of two or more waves is called 

interference. The amplitude of the resultant wave at any point in space is the vector sum of the 

amplitudes of the individual waves at that point.When interfering, two waves can add together 

to create a wave of greater amplitude than either one (constructive interference) or subtract 

from each other to create a wave of lesser amplitude than either one (destructive 

interference), depending on their relative phase. Two waves are said to be coherent if they 

have a constant relative phase. The amount of coherence can readily be measured by the 

interference visibility, which looks at the size of the interference fringes relative to the input 

waves (as the phase offset is varied); a precise mathematical definition of the degree of 

coherence is given by means of correlation functions.The coherence of two waves expresses 

how well correlated the waves are as quantified by the cross-correlation function. The cross-

correlation quantifies the ability to predict the phase of the second wave by knowing the phase 

of the first. As an example, consider two waves perfectly correlated for all times. At any time, 

phase difference will be constant. If, when combined, they exhibit perfect constructive 

interference, perfect destructive interference, or something in-between but with constant 

phase difference, then it follows that they are perfectly coherent. As will be discussed below, 

the second wave need not be a separate entity. It could be the first wave at a different time or 

position. 

                            Light also has a polarization, which is the direction in which the electric field 

oscillates. Unpolarized light is composed of incoherent light waves with random polarization 

angles. The electric field of the unpolarized light wanders in every direction and changes in 

phase over the coherence time of the two light waves. An absorbing polarizer rotated to any 

angle will always transmit half the incident intensity when averaged over time.If the electric 

field wanders by a smaller amount the light will be partially polarized so that at some angle, the 
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polarizer will transmit more than half the intensity. If a wave is combined with an orthogonally 

polarized copy of itself delayed by less than the coherence time, partially polarized light is 

created.The polarization of a light beam is represented by a vector in the Poincaré sphere. For 

polarized light the end of the vector lies on the surface of the sphere, whereas the vector has 

zero length for unpolarized light.  

COHERENT SOURCES: 

                        Two sources are said to be coherent if they emit light waves of the same 

frequency, nearly the same amplitude and are always in phase with each other.It means that 

the two sources must emit radiations of the same colour(wavelength).In actual practice, it is 

not possible to have two independent sources which are coherent. But for experimental 

purposes, two virtual sources formed from a single source can act as coherent sources. 

PHASE DIFFERENCE AND PATH DIFFERENCE  

            If the Path difference between the two waves is λ, the phase difference=2π.Suppose for a 

path difference x, the phase difference is ծ.For a path difference λ, the phase difference is 2 π. 

    Phase difference= ծ= 2πx/ λ 

THEORY OF INTERFERENCE FRINGES-INTERFERENCE DUE TO REFLECTED LIGHT 

                                         Interference fringe, a bright or dark band caused by beams of light that 

are in phase or out of phase with one another. Light waves and similar wave propagation, when 

superimposed, will add their crests if they meet in the same phase (the waves are both 

increasing and both decreasing); or the troughs will cancel the crests if they are out of phase; 

these phenomena are called constructive and destructive interference.                                      

NEWTON’S RINGS 

                               Newton’s rings, in optics, a series of concentric light- and dark-coloured bands 

observed between two pieces of glass when one is convex and rests on its convex side on 

another piece having a flat surface. Thus, a layer of air exists between them. The phenomenon 

is caused by the interference of light waves—i.e., the superimposing of trains of waves so that 

when their crests coincide, the light brightens; but when trough and crest meet, the light is 

destroyed. Light waves reflected from both top and bottom surfaces of the air film between the 

two pieces of glass interfere. The rings are named after the English 17th-century physicist Sir 

Isaac Newton, who first investigated them quantitatively.Newton’s rings are formed when a 

plano-convex lens  P of  large  radius  of  curvature  placed  on a sheet  of a  plane glass  AB is 

illuminated from  the  top with  monochromatic light  as  shown in the  figure. 

                             The combination forms a thin circular air film of variable thickness in all 



 
Dr.N.Geetha 
Department of Physics 
 
 

3 

direction around the point of contact of the lens and the glass plate. The locus of all points 

corresponding to specific thickness of air film falls on a circle whose centre is at O.  The 

experimental arrangement for observing Newton’s rings is shown in the fig. 1. Monochromatic  

light  from an  extended  source  S  is rendered  parallel  by  lens  L. It is incident on a glass plate 

inclined at 45  to the horizontal, and is reflected normally down onto a plano-convex lens 

placed on a flat glass plate.  

Theory – (i) Newton’s rings by reflected light 

                  In  Newton’s rings , the air-film in between a plano-convex lens and a glass plate using 

nearly monochromatic light from a sodium-source and hence to determine the radius of 

curvature of the plano-convex lens. 

Apparatus required 

                  A nearly monochromatic source of light (source of sodium light),a plano-convex lens, 

an optically flat glass plates and a convex lens & a travelling microscope 

 

                                                                         Figure :1 

When a parallel beam of monochromatic light is incident normally on a combination of a plano-

convex lens L and a glass plate G, as shown in Fig.1, a part of each incident ray is reflected from 

the lower surface of the lens, and a part, after refraction through the air film between the lens 

and the plate, is reflected back from the plate surface. These two reflected rays are coherent, 

hence they will interfere and produce a system of alternate dark and bright rings with the point 

of contact between the lens and the plate as the center. These rings are known as Newton’s 

ring. 
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Figure :2 

               For a normal incidence of monochromatic light, the path difference between the 

reflected rays (see Fig.1) is very nearly equal to 2t where  and t are the refractive index and 

thickness of the air-film respectively. The fact that the wave is reflected from air to glass surface 

introduces a phase shift of. Here, interference is due to reflected light. 

   Therefore, for bright fringe 2  t cos ϴ  (2n -1) λ/2  ; n = 1, 2, 3 …...                                    (1) 

Here, ϴ is small, therefore cos ϴ =1, for air, μ=1; 

                             2 t   (2n -1) λ/2   

                       and for dark fringe 2  t cos ϴ  λ 

                                    2t  n ; n = 0,1,2,3                                                                                            (2) 

In this figure, suppose the radius of curvature of the lens is R and the air film is of thickness‘t’ at 

a distance of OQ=r,from the point of contact O. 

From the figure, DB=BE=r; AB=EF=t; 

                        2R-t=2R     (approximately) 

                        r2 = 2Rt   -------------- t=r2/2R                                                      (3) 
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Figure-3 

Substituting the value of t in equation (1) and equation (2), 

                            r2 =(2n-1)λr/2 

For bright rings,   √                                                                        (4) 

For dark rings,   r2 =nλR                                                                                          (5) 

                           r= √                                                                                            (6) 

When n=0, the radius of the dark ring is zero  

and the radius of the bright ring is √     .Therefore, the centre is dark.Alternately dark and 

bright rings are produced. 

RESULT 

        The radius of the dark ring is proportional to (i) √    (ii) √   and (iii) √  

If D is the diameter of the dark ring, D=2r=2 √                                    (5) 

For the central dark ring, n=0; D=2 √      =0. 

This corresponds to the centre of the Newton’s rings.While counting the order of the dark rings 

1,2, 3,etc the central ring is not counted. 



 
Dr.N.Geetha 
Department of Physics 
 
 

6 

Therefore for the first dark ring, n=1, D1= 2 √       

for the second dark ring, n=2, D2= 2 √        

For the four dark ring, n=4, D4= 2 √       

The difference in the diameters between the fourth and first rings,D= 2 √       .Therfore,the 

fringe width decreases with the order of the fringe and the fringes got closer with increase in 

their order. 

DETERMINATION OF WAVELENGTH OF SODIUM LIGHT USING NEWTON’S RINGS 

                                   In the experimental arrangement, S is a source of sodium light. A parallel 

beam of light from the lens L1 is reflected by the glass plate B inclined at an angle of 45   to the 

horizontal. L is a Plano-convex lens of large focal length. Newton’s rings are viewed through B 

by a travelling microscope M focused on the air film. Circular bright and dark rings are seen 

with the centre dark. With the help of a travelling microscope, measure the diameter of the n th 

dark ring. 

                                                 λ = (Dn+m)2 –(Dn)2/4mR                                                                            (6) 

The radius of the curvature of the lower surface of lens is determined with the help of 

spherometer but more accurately it is determined by the Boy’s method. Hence the wavelength 

of a given monochromatic source of light can be determined. 

REFRACTIVE INDEX OF A LIQUID 

                          The experiment is performed when there is an air film  between the plano-convex 

lens and the optically plane glass plate .These are kept in a metal container C.The diameter of 

the n th  and (n+m) th dark rings are determined with the help of a travelling microscope. 

  Similarly, the diameter of the (n+m)thring is given by 

                                                   [D2
n+m ] =  

       

 
                                         ------------- (1) 
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                                                   [D2
n ]=  

     

 
                                                    ------------- (2) 

Subtracting eq. (2) from eq. (1), we get 

                                                  [D2
n+m ][D2

n ]=  
   

 
                                      ----------- (3) 

But we know that 

                                           [ D2
n+m ]air [ D2

n]air  =  4pR                               -------------- (4) 

(7)/(6) 

                                            
[    

 ]
   

 [  
 ]

   

[    
 ]

 
 [  

 ]
 

                                                     ----------- (5) 

     Thus the refractive index of the liquid is determined. 

MICHELSON’S INTERFEROMETER 

        An interferometer is an instrument in which the phenomenon of interference is used to 

make precise measurements of wavelengths or distances. 

Principle 

In Michelson interferometer, a beam of light from an extended source is divided into 

two parts of equal intensities by partial reflection and refraction. These beams travel in two 

mutually perpendicular directions and come together after reflection from plane mirrors. The 

beams overlap on each other and produce interference fringes. 

Construction  

             The schematic of a simple Michelson interferometer is shown in the figure. It consists of 

a beam splitter G1, a compensating plate G2, and two plane mirrors M1 and M2..The beam 

splitter G1 is a partially silvered plane parallel glass plate. The compensating G2 is a simple plane 

parallel glass plate having the same thickness as G1.The two glass plates G1 and G2 are held 

parallel to each other and are inclined at an angle of      with respect to the mirror M2.The 

interference bands are observed in the field of view of the telescope T.  

Working 

            Monochromatic light from an extended source S is rendered parallel by means of a 

collimating lens L and is made to incident on the beam splitter G1. It is partly reflected at the 
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back surface of G1 along AC and partly transmitted along AB.The beam AC travels normally 

towards the plane mirror M1 and is reflected back along the same path and comes out along AT. 

The transmitted beam travels toward the mirror M2 and is reflected along the same path. It is 

reflected at the back surface of G1 and proceeds along AT. 

 

The two beams received along AT are produced from a single source through division of 

amplitude and are hence coherent. The superposition of these beams leads to interference and 

produces interference fringes. 

Formation of Circular Fringes:  

The shape of fringes in M.I. depends on inclination of mirror M1 and M2.Circular fringes are 

produced with monochromatic light, if the mirror M1 and M2 are perfectly perpendicular to 

each other. In this position an image of mirror M2, M2' is formed due to half silvered polished 

plate G1, just below the mirror M1. The virtual image of mirror M2 and the mirror M1 must be 

parallel. Therefore it is assumed that an imaginary air film is formed in between mirror M1 and 

virtual image mirror M'2.The interference pattern can be considered as the rays of light 

reflected, from the surface of mirror M1 (real) and mirror M2 (virtual). Therefore, the 

interference pattern will be obtained due to imaginary air film enclosed between M1 and 

M'2.Circular fringes can be seen by telescope because they are formed at infinity because they 

are formed due to two parallel interfering rays. When d becomes zero, the whole pattern 

becomes dark. Since a circular fringe is formed at the same inclination so they are called fringe 

of equal inclination and also called Haidinger's fringes. 
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Localized fringes 

In case when the mirrors are not exactly parallel, fringes can still be observed in 

monochromatic light for path differences not much greater than a few millimeters. The space 

between the mirrors is wedge-shaped, thus the two rays reaching the eye from the mirrors are 

no longer parallel and appear to diverge. The fringes are now semi-circles, with the centre lying 

outside the field of view — such fringes are often called localized fringes. The reason these 

fringes are almost straight is primarily because of the variation of the thickness of air in the 

wedge, as that is now the main reason for the variation of the path difference between the two 

beams across the field of view. One would expect all fringes to be perfectly straight, parallel to 

the edge of the wedge: however, that is not the case, as the path difference still does vary 

somewhat with the angle θ, especially if d is large. Depending on the magnitude of d, we can 

observe different interference patterns: as we change the path difference the fringes become 

straighter, until we hit point of zero path difference. At that point, if we were looking at circular 

fringes, they would fill the whole field of view, become very large circles — that means that 

localized fringes would become parallel lines, as if there were small sections of the 

circumferences of very large circles. The association “large circular fringes — parallel localized 

fringes” will be important in the next section, when we use it to locate white light fringes.                        
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myF-II 

FWf;fPl;L tpisT (Interference) 

FWf;fP;L tpisT –mbg;gil 
 

Kd;Diu 

       ePhpd; gug;gpd;kPJ Njhd;Wfpd;w ,U miyfs; xd;iwnahd;W fle;j gpd;Gk;> 
mit ve;jtpj khWjiyAk; milahyk; njhlh;e;J Kd;ndwpr; nry;tijf; fhzyhk;.  
miynfhs;if mbg;gilapy; xsp miytbtpy; nry;fpwJ vd;gJ njspT.  VdNt xsp 
miyapYk; ,Nj Nghd;w tpistpid vjph;ghh;f;fyhk;.,U xspf; fw;iwfs; Xh; 
Clfj;jpd; topahfr; nry;Yk;NghJ> mit xd;iwnahd;W flf;Fk; Gs;spfspy; nrwpT 
khw;wk; Njhd;WfpwJ.  ,r;nrwpT khw;wk; ,U xsp miyfs; Nkw;nghUe;Jtjhy; 
Vw;gLfpwJ.  Nkw;nghUe;Jjy; fhuzkhf xU rpy Gs;spfspy; nrwpT rpWkkhfT;k 
,Uf;Fk;.  ,t;thW xd;wpw;F Nkw;gl;l xspf;fw;iwfs; xd;iwbahd;W flf;Fk;NghJ> 
mt;tplj;jpy; Vw;gLfpd;w xspr;nrwpT khw;wk; FWf;Pfl;L tpisT vdg;gLk;. 
FWf;fPl;L tpisT  

           A,B vd;git ,U Gs;sp xsp %yq;fs;.  ,tw;wpypUe;J rk miyePsKk;. 
rk tPr;Rk;> epiyahd fl;lNtWghLk; nfhz;l xsp miyfs; Njhd;Wfpd;wd.,t;tpU 
miyfSk; xNu Clfj;jpd; topahfr; nry;Yk;NghJ> Clfj;jpYs;s Jfs;fs; ,t;tpU 
miyfspd; tpistpw;F cl;gLfpwJ.  vdNt Jfs; milAk; ,lg;ngah;r;rp> ,U 
miyfSk; jdpj;jdpahf Vw;gLj;Jk; ,lg;ngah;r;rpapd; $LjyhFk;.,jid 

Nkw;nghUe;Jjy; jj;Jtk; (Principle of Superposition) vd;gh;. 
         glk; 1 y; Gs;spf; NfhLfs; xsp miyapd; mfLfisAk; njhlh; NfhLfs; 
KfLfisAk; Fwpf;fpd;wd.  ,U miyfspd; tPr;Rfs; rkkhf ,Ug;gjhy;> xU miyapd; 
mfLk; kw;wjd; KfLk; re;jpf;Fk;NghJ> Jfs; milAk; ,lg;ngah;r;rp RopahFk; 
,t;thwpd;wp xU miyapd; mfL kw;w jd; mfLld; my;yJ xU KfL kw;wjd; 
KfLld; re;jpf;Fk;NghJ Jfs; milAk; ,lg;ngah;r;rp ngUkkhFk;.  ,lg;ngah;r;rp 
Ropahf ,Ue;jhy;> Xspapd; nrwpT Ropahf ,Uf;Fk;.,jid mopj;jy; FWf;fPl;L 

tpisT(Destructive interference)vd;gh;.  ,t;thwpd;wp ,lg;ngah;r;rp ngUkkhf ,Uf;Fk; 

NghJ> xspr; nrwpT ngUkkhf ,Uf;Fk;. ,jid Mf;ff; FWf;fPl;L tpisT(Constructive 

interference) vd;gh;.,q;F Jfs; milAk; ,lg;ngah;r;rp> tPr;rpd; ,U klq;fhFk;.  Xspapd; 

nrwpT ,lg;ngah;r;rpapd; ,Ukbf;F Neh; tpfpjj;jpy;  mikAk;. XY vd;w jpiu 
itf;fg;gLk;NghJ> jpiuapy; ,Us;gl;ilfSk;> nghypTg; gl;ilfSk; Njhd;Wk;.  
,tw;iw FWf;fPl;Lg; gl;ilfs; vd;gh;.  ,e;j epfo;tpid FWf;fPl;L tpisT vd;gh;. 

Xspapay; %yq;fs;(Coherent Source): 

           ,U xsp %yq;fspypUe;J Njhd;Wk; xsp miyfs; rk  miyePsKk;> rk 

tPr;Rk; epiyahd fl;l NtWghLk; nfhz;bUe;jhy;>  mt;tpU xsp %yq;fis xspapay; 

%yq;fs; vd;gh;. 
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epa+l;ld; tisaq;fs; 

xU rkjsf; fz;zhbapd;kPJ xU Ftp tpy;iyia itf;Fk; NghJ> tpy;iyf;Fk;> 

fz;zhbf;Fk; ,ilNa fhw;W nkd;glyk; Njhd;WfpwJ.  tpy;iyAk>; fz;zhbAk; 

njhLk; Gs;spapy; fhw;wpd; jbkd; RopahFk;.   

 

                     ,g;Gs;spapypUe;J ntspna Nehf;fp efUk;NghJ fhw;wpd; 

jbkd; rPuhf mjpfhpf;fpwJ.  fhw;W nkd;glyj;ij xd;iw epw xspnfhz;L 

nghypT+l;Lk;NghJ ikaj;jpy; ,Uz;l tisaq;fSk; Njhd;Wfpd;wd.  ,jid Kjd; 

Kjyhf uhgh;;l; cw{f; vd;gth; fz;lwpe;jhh;.  ePA+l;ld; ,t;tisaq;fis Kiwg;gb 

Ma;T nra;J> tisaq;fspd; Muj;ij mstpl;lhh;.  vdNt ,it epA+l;ld; tisaq;fs; 

vdg;gLfpwJ.fhw;W nkd;glyj;jpd; Nkw;gug;gpYk;> mbg;gug;gpYk; vjpnuhspg;gile;j 

fjph;fs; FWf;fPl;L tpisTfl;F cl;gLtjhy;> ,t;tisaq;fs; Njhd;Wfpd;wd vd 

jhk]; aq; tpsf;fk; je;jhh;. 

Nrhjid mikg;G:  

epA+l;ld; tisaq;fs; ngWtjw;fhf Nrhjid mikg;G glk; 2y; fhl;lg;gLs;sJ.  L 

vd;gJ mjpf tisT Muk; nfhz;l rkjsf; Ftp tpy;iyahFk;.  ,e;j tpy;iyapy; 

Ftp gug;G> rkjsff; fz;zhb P–d; kPJ gLkhW itf;fg;gl;Ls;sJ.  tpy;iyAk;> 

rkjsf fz;zhbAk; O vd;w Gs;spapy; njhLfpwJ.Svd;w xw;iw epw xsp%yk; 

Ftptpy;iy L1 d; Ftpaj;jpy; itf;fg;gl;Ls;sJ.     tpy;iyapypUe;J tUk; ,izf; 
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fw;iwfs; 45  rhahthf itf;fg;gl;Ls;s fz;zhb; vjpnuhspg;gile;j fw;iwahdJ 

tpy;iyf;Fk;> fz;zhbf;Fk; ,ilNa cs;s fhw;wpy; tpOfpwJ. fhw;W nkd;glyj;jpd; 

Nkw;gug;gpYk;> fPo;g;gug;gpYk; vjpnuhspg;gile;j fw;iw FWf;fPl;L tpistpw;F cl;gLfpwJ.  

vjpnuhspj;j fjph;fis xU Ez;Nzhf;fp nfhz;L Nehf;Fk;NghJ epA+l;ld; tisaq;fs; 

njhpfpd;wd.       

 

 (1) epA+l;ld; tisaq;fs; Njhd;Wtjw;fhf tpsf;fk;:  

     tpy;iy L –y; tpOk;  vd;w gLfjphpizf; fUJNthk;. C vd;w Gs;spapy; xU 

gFjp vjpnuhspj;J Nky; Nehf;fpAk;> kW gFjp CLUtp fPo; Nehf;fpAk; nry;fpwJ 

CLUtpr; nrd;w fjph; D vd;w Gs;spapy;gl;L vjpnuhspg;gile;J> te;j topahfj; 

jpUk;GfpwJ.  ,t;thW xU gLfjphpypUe;J ,U fw;iwfs; Njhd;Wfpd;wd.  ,it 

,uz;Lk; FWf;fPl;L tpistpw;F cl;gLfpwJ.  ,U fw;iwfl;fpilNa cs;s 

ghijNtWghL 2CD.  C vd;w Gs;spapy; Vw;gLk; vjpnuhspg;G mlh;Fiw Clfj;jpy; 

Vw;gLtjhy;> fl;l khw;wk; Njhd;Wtjpy;iy Mdhy; D y; Vw;gLk; vjpnuhspg;G mlh;kpF 

Clfj;jpy; Vw;gLtjhy;>fl;l NtWghLπ Vw;gLfpwJ.  ,jdhy; Vw;gLk; ghij NtWghL 

λ/2.         / nkhj;j ghij NtWghL =2.CD+λ/2  

                   Mf;fy; FWf;fPl;L tpistpw;F 

                   2. CD+ λ/2= n λ 

                                          2. CD= (2n-1) λ/2             .........................(1) 

mopj;jy; FWf;fPl;L tpistpw;F 2.CD+λ/2=(2n+1)λ/2 

                                               2.CD=nλ                      .........................(2) 
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tpy;iyAk;> rkjsf; fz;zhbAk; njhLfpd;w Gs;spapy; fhw;W nkd;glyj;jpd; jbkd; Rop.  

vdNt ,g;Gs;sp fUikahf ,Uf;Fk;.  ,g;Gs;spapypUe;J ntspNa Nehf;fp efUk;NghJ> 

fhw;W nkd;glyj;jpy; jbkd; rPuhf mjpfhpf;fpwJ ikaj;jpUe;J xU Fwpg;gpl;l Muk; 

nfhz;L tiuag;gLk; tl;lg; gFjpapy; mikAk; fhw;wpd; jbkd; rkkhFk;.  ,j;jbkisr; 

rhh;e;J.  ,J xsp tl;lkhfNth my;yJ ,U tl;lkhfNth mikAk;.  fhw;wpd; jbkd; 

rPuhf mjpfhpg;gjhy;> ,U epge;jidfSk; khwp khwp milAk;.  MfNt ,Us; 

tisaq;fSk;> xd;W tisaq;fSk; khwp khwp mikAk;.  ,t;thW ikaj;jpy; fUik 

Gs;spAk; mjidr; Rw;wp nghypT tisaq;fSk;> ,Us; tisaq;fSk; khwp khwp 

mikAk;. 

(2) tisaq;fspd; Muk; glk; OFBG vd;gJ xU Nfhsj;jpd; FWf;F ntl;L 

Njhw;wkhFk;. OFG  vd;w tpy;iy ,f;Nfhsj;jpypUe;J ntl;b vLf;fg;gl;ljhFk;. O vd;w 

Gs;spapy; tpy;iyAk; rkjs MbAld; njhLfpwJ.  vdNt ,g;Gs;spapy; f hw;wpd; jbkd; 

RopahFk;.  glj;jpy; C,D  vd;w ,U Gs;spfis;f fUJNthk;.  ,q;FOC=OD. mjhtJ 

C w;Fk;> D w;Fk; NkNy cs;s fhw;W nkd;glyj;jpd; jbkd; rkkhFk;.  mjhtJ 

CG=FD.  NkYk; FG vd;gJ O I ikakhf;f nfhz;l tl;lj;jpd; tpl;lk;. 

OC=OD=EF 

,e;j Muj;ij r vdf; nfhs;Nthk;>tl;lj;jpd; gz;gpypUe;J 

OE.EB= FE.EG 

OE(2R-OE)=EG
2           

(BF=EG) 
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(Or)  2R.OE = OD
2        

( FE=OD)
 

   2.OE=OD
2
/R                                                 ........................................(3) 

,q;F R vd;gJ tpy;iyapd; tisT Muk;>OE=FD=t fhw;wpy; jbkd; vdf; nfhz;lhy;> 

2t=OD
2
/R=r

2
/R                                                  ...........................................(4) 

,q;F FWf;fPl;L tpisT vjpnjhspj;j fw;iwahy; Vw;gLtjhy; nghypT tisaj;jpw;fhd 

epge;jid 

2μt cosr = (2n-1)λ/2                                          ..........................................(5) 

,q;F n=0,1,2,3.........t d; kjpg;G rpwajhf ,Ug;gjhy; cos r=1=1 Clfk; fhw;W vd;gjhy; 

μ=1 

/ nghypT tisaj;jpw;F 2t= (2n-1)λ/2        .........................................(6) 

,Us; tisaj;jpw;F> 2t=r
2
/R 

(2n-1)λ/2 = r
2
/R 

 r
2
= (2n-1) ) λR/2 

 r = √(2n-1) λR/2                                                   ........................................(7) 

2t = n λ 

n λ  =  r
2
/R 

 r  =  √nRλ                                                               .....................................(8)  

,t;thW ,Us; tisaj;jd;w Muk;. thpir vz;zpd; ,Ukb %yj;jpw;F Neh; tpfpjj;jpy; 
mikfpwJ. 

 n-MtJ tisaj;jpd; Muk; rn vdf; nfhz;lhy; 

  rn
2
/R = (2n-1)  λ/2      (nghypT tisak;) 

  rn
2
/R=n λ         (,Us; tisak;) 

,Nj Nghd;W m- MtJ tisaj;jpk; Muk; rm   vdpd; 

 rm
2 
/R = (2m-1) λ/2     (nghypT tisak;)       

 rm
2
/R = mλ                   (,Us; tisak;)  
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λ= rn
2  

- rm
2
 /R(n-m)                                       ............................................(9) 

dn,dm vd;git KiwNa n MtJ m MtJ tisaj;jpd; tpl;lq;fs; vdf; nfhz;lhy; 
vdf; nfhz;lhy; 

dn
2
-dm

2
/4R = (n-m) λ,             λ = dn

2
-dm

2
/4(n-m)R                      ...............................................(10)                       

FWf;fPl;L tpisTkhdpfs; (Interferometer)            

    FWf;fPl;L tpisT jj;Jtj;ij mog;gilahff; nfhz;L nraw;gLk; fUtpia 

FWf;fPl;L tpisTkhdpfs; vd;gh;.  ,f;fUtpapidg; gad;gLj;jp thA> jputk; 

Mfpatw;wpd; xsptpyfy; vz;iz gy;NtW mOj;jq;fspYk; fz;lwpayhk;.  vdNt 

,f;fUtpfis xsptpyfy; vz;khdp(refractrometer) vd;gh;.  El;gk; nfhz;l 

epwkhiykhdpfs; gad;gLj;jp ngwf;$ba KbTfs; kpfTfis tpl kpf mjpf 

Jy;ypakhdJ. 

ikf;fy;rd; FWf;fPl;L tpisTkhdp (Michelson Interferometer) 

ikf;fy;rd; FWf;fPl;L tpisTkhdpapd; mikg;G glj;jpy; fhl;lg;gl;Ls;sJ.  ,jpy; 

M1,M2 vd;w ,U rkjs Mbfs; cs;sd.  P,Q vd;git xNu xspapay;Gk;> rk jbkDk; 

nfhz;l rk jsf fz;zhbfs;.  ,it xsp nry;Yk; ghijf;F 45 bfphp rha;thf 

itf;fg;gl;Ls;sJ. 

 

        P-jl;by; Qit Nehf;fpa gf;fk; gFjp urk; G+rg;gl;Ls;sJ.  M1 epiyahf 
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mikf;fg;gl;Ls;sJ. M2 xU efUk; mikg;gpd;kPJ itf;fg;gl;Ls;sJ.  xU jpUfpidg; 

gad;gLj;jp M2 I Kd;Nehf;fpNah my;yJ gpd;Nehf;fpNah efh;j;jyhk;.SypUe;J tUk; 

xw;iw epw xspf;fw;iw ,izahf;fg;gl;l gpd; gFjp urk; G+rg;gl;l fz;zhoj; jfL P y; 

tpOfpwJ.  P y; tpOe;j fw;iw xU gFjp CLUtpa fw;iw M1Yk; vjpnuhspj;j fw;iw 

M2 Yk; tpOe;J,vjpnuhspg;gile;j ,U fw;iwfSk; njhiyNehf;fp TI Nehf;fpr; 

nry;fpwJ.  M2 w;F nrd;W jpUk;Gfpd;w fw;iwahdJ.  fz;zhb P topahf ,uz;L 

Kiw CLUtpr; nry;yNtz;Lk;. ,jidr; rhp nra;tjw;fhf  M1 I Nehf;fpr; nry;fpd;w 

ghijapy; Q vd;w fz;zhb itf;fg;gl;Ls;sJ.  Q vy;yh tiffspYk; P apid 

xj;jjhFk;.  ,g;NghJ M1 I Nehf;fpr; nry;fpd;w fw;iw Q I ,U Kiw fle;J 

nry;fpwJ.  MfNt ,U fw;iwfSk; nry;Yk; njhiyTfs; rkkhFk;.   M1,M2 

Mfpatw;wpy; vjpnuhspj;j fw;iwfSk; FWf;fPl;L tpistpid Vw;gLj;JfpwJ.  FWf;fPl;L 

thpfis njhiyNehf;fp %yk; ghh;f;fyhk;.  FWf;fPl;L thpfs; Njhd;Wtjw;F M1,M2 

Mbfs; xd;wpw;nfhd;W rhpahf nrq;Fj;jhf ,Uf;f Ntz;Lk;. 

thpfs; Njhw;Wtpj;jy; (Production of  Fringes) 

     P d; gpd;gf;fj;jpypUe;J ,U MbfSk; rk J}uj;jy; mikAkhW rhpnra;aNtz;Lk;.  

tpy;iyf;Fk;> w;Fk; ,ilNa xU Crpf; Jisia itj;J> mj;Jisia xw;iw epw 

xsp%yk; nfhz;L nghypT+l;l Ntz;Lk;.  njhiyNehf;fpapy; ghh;f;Fk;NghJ Crpj; 

Jisapd; ,U ,ul;il gpk;gq;fs; njhpAk;.  xU ,ul;il d; Kd; gpd;gFjpapy; Vw;gLk; 

vjpnuhspg;ghYk;> mL;j;j ,ul;ilg; gpk;gk; d; gpd;gFjpapy; Vw;gLk; vjpnuhspg;ghYk; 

Njhd;WfpwJ.  Mbapd; gpd;gf;fkhf mike;Js;s jpUfpidr; rhpnra;J ,U ,ul;il 

gpk;gq;fs; ,ize;J> xU ,ul;ilahfj; Njhd;wr; nra;aNtz;Lk;.  ,e;j epge;jid rhp 

nra;ag;gLk;NghJ> FWf;fPl;L thpfs; Njhd;Wfpd;wd. 
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tl;lthpfs; (Circular Fringes) 

     xw;iw epw xspia;g gad;gLj;jp tl;l thpfs; Njhw;Wtpf;fyhk;.  tl;l thpfs; 

Njhw;Wtpf;fyhk;.  tl;;;l thpfs; Njhd;Wtjw;F Mb M2 k; M1 My; Njhd;Wk; Njhw;wg; 

gpk;gk;  M1′k; ,izahf ,Uf;f Ntz;Lk;.  M1 k;  M2 w;Fk; ,ilg;gl;l gFjpia rPuhd 

jbkd; nfhz;l nkd;glykhff; nfhs;syhk;.  ,g;NghJ Njhd;Wk; thpfis ifbQ;rh; 

thpfs;(Haidenger fringes) my;yJ rk rha;T nfhz;l thpfs;(equal inclination fringes) 

vd;gh;.  ,it tl;l thpfshFk;. M2 w;Fk; M1′w;F ,ilNa xj;j Gs;spapy; vjpnuhspj;j 

fw;iwfs;> nfhLf;fg;gl;; Nfhzj;jpy; ngUkj;ij Njhw;Wtpg;gjw;fhd epge;jid  

              2d cosϴ =nλ
 

M2 k; M1′k; njhLk;NghJ ghij NtWghL RopahFk;.  ,g;NghJ Njhd;Wk; Gyk; ,Ushf 

,Uf;Fk;.  M2  I M1′d; kWgf;fk; efh;j;jpdhy; kP;z;Lk; thp Njhd;w ikaj;jpypUe;J 

mjpfhpf;fpwJ. 

(1) tl;l thpfisg; gad;gLj;jp xspapd; miyePsk; fhzyhk;. 

(2) xspapd; fw;iw epwj; jd;ikia Muhayhk;. 

(3) gug;Gfspd; ,izj; jd;ikia Muhayhk;. 

(4) tpz;kPd;fspd; Nfhz tpl;lq;fis mstplyhk;.                                  

     cs;spl;;l thpfs; Mbfs; M1 k; M2 k; rhpahfr; nrq;Fj;jhf ,y;yhjNghJ Mb M2 

k; M1 My; Njhd;Wk; Njhw;wg; gpk;gk; μ1 k; rha;thf mikAk;.  ,itfl;F ,ilg;gl;l 

fhw;W Mg;G tbtkhFk;.  Njhd;Wfpd;w thpfs; fhw;wpd; jbkidAk;> gLNfhzj;ijAk; 

rhh;;;e;jJ.gyNtWgl;l fl;l NtWghLfl;F Njhd;Wfpd;w thpfspd; tbtk; glj;jpy; 

fhl;lg;gl;Ls;sJ.  M2 cz;ikapNyNa M1 I ikaj;jpy; ntl;Lk;NghJ KOikahd 

Neh;Nfh;lL thpfs; Njhd;fpwJ.  ,U MbfSk; glj;jpy; fhl;bathW rha;thf mikAk; 

NghJ> tisthd thpfs; Njhd;Wfpd;wd.  Tistpd; Ftp gFjp Mg;G tbtpd; Kidia 

Nehf;fpf mikAk;. 

nts;nshsp thpfs;(White light Fringes)  
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     nts;nshsp gad;gLj;jg;gLk;NghJ> ghij NtWghL kpff; Fiwthf ,Ue;jhy;jhd; 

thpfs; Njhd;Wk;.  khWgl;l tz;z tisaq;fs; xd;wd;kPJ xd;W nghUe;Jtjhy;> 

Fiwe;j vz;zpf;if nfhz;l tz;z tisaq;fs;jhd; Njhd;Wfpd;wd.  ikag; Gs;sp 

,UshfTk;> kw;w thpfs; tz;zkhfTk; ,Uf;Fk;.  Ropg;ghij NtWghl;bid msg;gjw;F 

nts;nshsp thpfs; gad;gLfpwJ. 

ikf;fy;rd; FWf;fPl;L tpisTkhdpapd; gad;fs;(Uses of Michelson’s Interferometer) 

(1) xw;iw epw xspapd; miyePsk; fhzy;(Determination of Wavelength of 

Monochromatic light) 

M1,M2  I rhp nra;J> tl;l thpfs; Njhw;Wtpf;fNtz;Lk;.  njhiyNehf;fpia efh;;j;jp 

mjd; FWf;Ff; fk;gp xsp thpapd; ikaj;jpy; mikAkhW nra;a Ntz;Lk;.  

njhiyNehf;fpapd; topahf thpfisg; ghh;;j;Jf; nfhz;L> Mb I njhiyT efh;;j;j 

Ntz;Lk;.  ,t;thW  efh;j;Jk;NghJ> FWf;Ff;fk;gp ikaj;ij flf;Fk; thpfis vz;zpf; 

nfhs;sNtz;Lk;.  ,jid ‘n’ vdf; nfhs;Nthk;. M1   I d njhiyT efh;j;jJk;NghJ> 

Njhd;fpd;w ghij khw;wk; 2d MFk;. 

                2d = nλ,      λ=2d/n 

,jpypUe;J miyePsk; λ fzf;fplyhk;. 

,U miyePsq;fl;fpilNa cs;s NtWghl;ilf; fhzy; (Determination of difference in 

wavelength) 

     Kjypy; tl;l thpfs; Njhw;Wtpf;fNtz;Lk;. xsp%yk; λ1>λ2 vd;w ,U miyePsq;fs; 

nfhz;ljhff; nfhs;Nthk;.  (λ1>>λ2) ,it ,uz;Lk; Nrhbak; D thpfs; Nghd;W 

neUf;fkhf ,Ug;gjhff; nfhs;Nthk;> ,e;j ,U miyePyq;fSk; jdpj; jdpahd 

FWf;fPl;L thp mikg;Gfisj; Njhw;Wtpf;fpwJ.  Mdhy; λ1>λ2 Mfpait kpf 
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neUf;fkhfTk;. fhw;W nkd;glyj;jpd; jbkd; rpwpajhfTk; ,Ug;gjhy; ,U thp 

mikg;GfSk; eilKiwapy;  xd;wpaikfpwJ.  Mb M2  I nkJthf efh;j;jpdhy;> ,U 

thpaikg;GfSk; nkJthfg; gphpfpwJ.  fhw;W  nkd;glyj;jpd; jbkd; xU Fwpg;gpl;l 

msthf ,Uf;Fk;NghJ λ1 d; fUik thp λ2 d; nghypT thpapd; kPJ mikfpwJ 

,e;epiyapy; tisa mikg;G kiwe;JtpLk;.  ,g;NghJ Mo M1  I NkYk; efh;j;jp 

mLj;j tisa mikg;G kiwAk; epiyf;Ff; nfhz;Ltu Ntz;Lk;. M2 efh;e;j  J}uk; d 

vdf; nfhs;Nthk;.  ,e;j epiyapy; λ1 xsp miy n  KiwfSk;> λ2 xsp miy (n+1) 

KiwAk; mikag; ngw;Ws;sjhff; nfhs;Nthk;. 

        2d = n λ1:     2d = (n+1) λ/2 

                    n = 2d/ λ1        (n+1) = 2d/ λ2 

                   (n+1)-n = 2d/ λ2 - 2d/ λ1 = 2d(λ1>-λ2)/ λ1λ2 

my;yJ λ1 - λ2 = λ1λ2/2d  = λ
2
av/2d 

Mb M1 I mLj;jLj;j ,U ngUkk; kiwAk; epiyfl;F efh;j;jp> efh;j;jg;gl;l J}uk; d I 

mstpl  Ntz;Lk; d njhpe;jhy;> ,U miy ePsq;fl;fpilNa cs;s NtWghl;il 

fzf;fplyhk;.  
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UNIT – III – DIFFRACTION 

 

 

 

 

DIFFRACTION 

                  Diffraction of light is defined as the bending of light around corners such that it 

spreads out and illuminates areas where a shadow is expected.  

  Fig:1 –Diffraction Effect  

                        In the single-slit diffraction experiment, we can observe the bending phenomenon 

of light or diffraction that causes light from a coherent source interfere with itself and produce 

a distinctive pattern on the screen called the diffraction pattern. Diffraction is evident when the 

sources are small enough that they are relatively the size of the wavelength of light. 

FRESNEL DIFFRACTION 

                        Fresnel diffraction can be observed if the source of light and the screen at which 

the diffraction pattern is formed are kept at a finite distance from the diffracting obstacle. In 

this situation, the wavefronts falling on the obstacle are not planes.Similarly; the wavefronts 

leaving the obstacle are not plane. 

Fraunhofer diffraction 

                   Fraunhofer diffraction can be observed if the source of light and screen at which 

the diffraction pattern is formed is placed at an infinite distance from the diffracting obstacle. 

    Fresnel and Fraunhofer diffraction – Diffraction at a straight edge-Fraunhofer 

diffraction at a single slit-Double slit-Plane transmission grating-Theory-Width of 

principal maxima-Dispersive power of a grating-Resolving power of a prism and 

grating-Comparison of Prism and grating spectra. 
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This can be done by using two converging lenses.  

Fresnel Vs. Fraunhofer diffraction 

DIFFRACTION PATTERN DUE TO A STRAIGHT EDGE 

    Let S be narrow slit illuminated by a source of monochromatic light of wavelength,  . The 

length of the slit is perpendicular to the plane of the paper. AD is the straight edge and the 

length of the edge is parallel to the length of the slit. XY is the incident cylindrical wavefront.P is 

a point on the screen and SAP is perpendicular to the screen.The screen is perpendicular to the 

plane of the paper.Below the point P is the geometrical shadow and above P is the illuminated 

portion. 

 

                                                                             Fig.1 

Let the distance AP be b. With reference to the point P, the wave front can be divided into a 

Fresnel Diffraction Fraunhofer diffraction 

1. If the source of light and screen is at a finite distance 
from the obstacle, then the diffraction called Fresnel 
diffraction. 

1. If the source of light and screen is at infinite 
distance from the obstacle then the diffraction is 
called Fraunhofer diffraction. 

2. The corresponding rays are not parallel. 2. The corresponding rays are not parallel. 

3. The wavefronts falling on the obstacle are not plane. 3. The wavefronts falling on the obstacle are planes. 

4. 

 
 

4. 
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number of half period strips, as shown in figure. XY is the wave front, A is the pole of the wave 

front and AM1, M1M2, M2M3 etc measure of the thickness of the 1st, 2nd, 3rd etc half period 

strips. With the increases in the order of the strip, the area of the strip decreases.                   

In the above Fig, AP=b  

                      PM1=  
 

 
  and PM2=  

  

 
 etc. 

      Let   be a point on the screen in the illuminated portion . To calculate the resultant 

effect at    due to the wave front XY, join S to   .This line meets the wave front at B. B is the 

pole of the wave front with reference to the point    and the intensity at    will depend mainly 

on the number of half period strips enclosed between the points A and B.  

The effect at    due to the wave front above B is same at all points on the screen 

whereas it is different at different points due to the wave front between B and A. The point    

will be of maximum intensity, if the number of half period strips enclosed between B and A is 

odd and the intensity at    will be minimum if the number of half period strips enclosed 

between B and A is even. 

FRAUNHOFFER DIFFRACTION AT A SINGLE SLIT 

                 To obtain a Fraunhofer diffraction pattern,the incident wavefront must be plane and 

the diffracted light is collected on the screen with the help of a lens.Thus,the source of light 

should either be at a large distance from the slit or a collimating lens must be used. 

         In Figure, S is a narrow slit perpendicular to the plane of the paper and illuminated by 

monochromatic light. L1 is the collimating lens and AB is a slit of width  . XY is the incident 

spherical wave front. The light passing through the silt AB is incident on the lens L2 and the final 

refracted beam is observed on the screen MN. The screen is perpendicular to the plane of the 

paper.L1 and L2 are achromatic lenses. A plane wave front is incident on the silt AB and each 

point on this wave front is a source of secondary disturbance. The secondary waves travelling in 

the direction parallel to OP viz. AQ and BV come to focus at P and a bright central image is 

observed. 
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                            The secondary waves from points equidistant from O and situated in the upper 

and lower halves OA and OB of the wave front travel the same distance in reaching P and hence 

the path difference is zero. The secondary waves reinforce one another and P will be a point of 

maximum intensity. 

                             Now, consider the secondary waves traveling in the direction AR, inclined at an 

angle   to the direction OP. All the secondary waves traveling in this direction reach the point 

   on the screen. The point P’ will be of maximum or minimum intensity depending on the path 

difference between the secondary waves originating from the corresponding points of the wave 

front.Draw OC and BL perpendicular to AR.  Then, in ∆ABL 

                                
  

  
 

  

 
                                      

                                                                                                                      ---------------(1) 

Where a is the width of the slit and AL is the path difference between the secondary waves 

originating from A and B. 

In general,                      
  

 
                                                                            (2) 

Where     gives the direction of the nth minimum. Here n is an integer. If, however, the path 

difference is odd multiples of  ⁄ , the directions of the secondary maxima can be obtained. In 

this case,                 ⁄            
       

  
                                                                      (3) 

Where n=1, 2, 3..,  
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Thus, the diffraction pattern due to a single slit consists of a central bright maximum at P 

followed by secondary maxima and minima on both the sides. P corresponds to the position of 

the central bright maximum and the points on the screen for which the path difference 

between the points A and B is      etc correspond to the position of secondary minima. 

 

FRANUHOFFER DIFFRACTION AT DOUBLE SLIT 

 

  In figure, AB and CD are two rectangular slits parallel to one another and perpendicular 

to the plane of the paper. The width of each slit is   and the width of the opaque portion is b. L 

is a collecting lens and MN is a screen perpendicular to the plane of the paper .P is a point on 

the screen such that OP is perpendicular to the screen.Let a plane wave front be incident on the 

surface of XY. All the secondary waves traveling in a direction parallel to OP come to focus at P. 

Therefore, P corresponds to the position of the central bright maximum.In this case, the 

diffraction pattern has to be considered in two parts (i) the interference phenomenon due to 

the secondary waves emanating from the corresponding points of the two slits and (ii) the 

diffraction pattern due to the secondary waves from the two slits individually. 

 i) Interference maxima and minima 
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FIG-3 

 Consider the secondary waves traveling in a direction inclined at an angle   with the 

initial direction.In the ∆ACN (Fig-3),         
  

  
 

  

   
 

                                                             

If this path difference is equal to odd multiples of   ⁄  ,   gives the direction of minima due to 

interference of the secondary waves from the two slits.  

                                            
 

 
                                            ---------------(1) 

             Putting n=1,2,3,etc, the values of         ,etc, corresponding to the directions of 

minima can be obtained.From equation(1) 

                          
       

      
                                                                  ----------------(2) 

                On the other hand, if the secondary waves travel in a direction    such that the path 

difference is even multiples of   ⁄  , then    gives the direction of the maxima due to 

interference of light waves emanating from the two slits.                 
 

 
 

                           
  

     
                                                                       ---------------(3) 

              Putting n= 1, 2, 3, etc,             ,etc corresponding to the directions of the maxima 

can be obtained.From equation (2),       
  

      
,       

  

      
 

                                             
 

     
                                                         -------------------(4) 

Thus, the angular separation between any two consecutive minima (or maxima) is equal to 

 

     
 .The angular separation is inversely proportional to (a+b), the distance between the two 

slits. 
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GRATING 

A diffraction grating is a device consists of a very large number alternative narrow slits and 

opaque spaces. 

When a wavefront is incident on a grating surface, light is transmitted through the slits and 

obstructed by the opaque portions.  Such a grating is called a transmission grating. 

THEORY OF PLANE TRANSMISSION GRATING 

    In Fig, XY is the grating surface and MN is the screen. Here AB is slit and BC is an opaque 

portion. The width of each slit is   and the opaque spacing between any two consecutive slits is  .  

Let a plane wave front be incident on the grating surface. Then all the secondary waves travelling 

in the same direction as that of the incident light will come to focus at the point P on the screen. The 

screen is placed at the focal plane of the collecting lens. The point P where all the secondary waves 

reinforce one another corresponds to the position of the central bright maximum.Now, consider the 

secondary waves travelling in a direction inclined at an angle   with the direction of the incident light 

(Fig.). These secondary waves come to focus at a point P1 on the screen. The intensity at P1 will depend 

on the path difference between the secondary waves originating from the corresponding points A and C 

of two neighbouring slits.  

In Fig, AB=   and BC=  . The path difference between the secondary waves starting from A and 

C is equal to AC sin  ,  But AC=AB+BC=    ,  Path difference = AC     =            

The point P1 will be of maximum intensity if this path difference is equal to integral multiples of 

the wavelength of light. In this case, all the secondary waves originating from the corresponding points 

of the neighbouring slits reinforce one another and the angle   gives the direction of maximum intensity.  

In general,                                                                                                   -------------(1) 

where     is the direction of the nth principal maximum. Putting n=1, 2, 3, etc, the angle           

etc., corresponding to the direction of the principal maxima can be obtained. 

 
Let   and      be two nearby wavelengths present in the incident light and   and      be the 

angles of diffraction corresponding to these two wavelengths. Then, for the first order principal maxima 

                                                                           

                    

  In equation (1), n=1 gives the direction of the first order image, n=2 gives the direction of the 

second order image and so on. When white light is used, the diffraction pattern on the screen consists of 

a white central bright maximum and on the both sides of this maximum a spectra corresponding to the 

different wavelength of light present in the incident beam will be observed in each order. 
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Secondary maxima and minima: 

     The angle of diffraction    corresponding to the direction of the nth principal maximum is given 

by the equation 

                            
    

     
cm 

Now, let the angle of diffraction be increased by a small amount    such that the path difference 

between the secondary waves from the point A and C increases by   ⁄  (Fig). 

Here N is the total number of lines on the grating surface. Then, the path difference between the 

secondary waves from the extreme points of the grating surface will be ( ⁄      .  

Assuming the whole wave front to be divided into two halves, the path difference between the 

corresponding points of the two halves will be   ⁄  and all the secondary waves cancel one another’s 

effect. Thus,(       will give the direction of the first secondary minimum after the nth primary 

maximum. Similarly if the path difference between the second waves from the points A and C is 2/N, 

3/N etc, for gradually increasing values of   , these angles correspond to the direction of 2nd , 3rd etc 

secondary minima after the nth primary maximum.  

 

 

 

 

 

 

 

 

 

The intensity distribution on the screen is shown in Fig. P corresponds to the position of the 

central maxima and 1,2,etc, on the two sides of P represent the 1st, 2nd, etc principal maxima.     etc are 

secondary maxima and      etc are the secondary minima.  

DISPERSIVE POWER OF A GRATING 

Dispersive power of a grating is defined as the ratio of the difference in the angle of diffraction 

of any two neighbouring spectral lines to the difference in wavelength between the two spectral 

lines.  

It can also be defined as the difference in the angle of diffraction per unit change in 

wavelength. The diffraction of the n th order principal maximum for a wavelength λ is given by the 

equation,(a+b) sin  = nλ 

Differentiating this equation with respect to  and d and λ      (a+b is constant and n is constant 

in a given order)  

                       (a+b) cos d = n dλ 

or                    
 

  
 = 

 

        
                   or                              

 

  
 = 
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In the above equation, 
 

  
  .Is the dispersive power, n is the order of the spectrum, N’ is the 

number of lines per cm of the grating surface and  is the angle of diffraction for the n th order principal 

maximum of wavelength. 

RESOLVING POWER 

Resolving power is the ability of an imaging device to separate (i.e. to see as distinct) points of an 

object that are located at a small angular distance or it is the power of an optical instrument to separate 

far away objects, that are close together, into individual images. 

RAYLEIGH CRITERION 

To express the resolving power of an optical instrument as a numerical value, Lord Rayleigh 

proposed an arbitrary criterion. According to him, 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.Rayleigh condition can also be stated as follows. Two images are said to be just resolved if 

the radius of the central disc of either pattern is equal to the distance between the centres of the two 

patterns. 

RESOLVING POWER OF A PRISM 

   The term resolving power applied to the spectrographic devices (using a grating or a prism) signifies 

the ability of the instrument to form two separate spectral images of two neighbouring wavelengths,   

and  +d  in the wavelength region  .  

 
In Fig, S is a source of light L1 is a collimating lens and L2 is the telescope objective. As two wave 

length   and  +d   are very close, if the prism is set in minimum deviation position would hold good for 

both the wavelengths. The final image I1 corresponds to the principal maximum for the wavelength   

and I2 corresponds to the principal maximum for the wavelength  +d  . I1 and I2 are formed at the focal 

plane of the telescope objective L2. The face of the prism limits the incident beam to a rectangular 

section of width a. Hence, the Rayleigh criterion can be applied in the case of a rectangular aperture. 

In the case of diffraction at a rectangular aperture, the position of I2 will correspond to the first 

minimum of the image I1 for wavelength  1 provided. 

                              Or          
  

 
                                                             ------------------------(1) 

Here   is the angle of minimum deviation for wavelengthλ. 

From the Fig, 

                        *(
 

 
)  (

   

 
)+ 
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Also                                    
 

 
 

 

  
                                                                      ---------------------- (3) 

      In the case of prism,   
   

   

 

   
 

 

       

                                   
   

 
     

 

 
                                                                  ---------------------- (4) 

Here   and   are dependent on wavelength of light  . 

Differentiating equation (4) with respect to  , we get 

                         
 

 
   (

   

 
)

  

 λ
 

  

 λ
(   

 

 
)                                                              ---------------- (5) 

Substituting the values of     from equations (2) and (3), we obtain 

                           
 

 
(
 

 
)

  

 λ
 

  

 λ
(

 

  
)                                                                           ------------------(6) 

Substituting the value of    equation (1) we get 

                                       
 

  
   

  

  
                                                                             -------------------(7) 

The expression 
 

  
 measure the resolving power of the prism. It is defined as the ratio of the wavelength λ 

to the smallest difference in wavelength dλ, between this line and a neighbouring line such that two lines 

appear just resolve, according to Rayleigh’s criterion. 

  So, resolving power of a prism =t. 
  

 λ
                                                          ----------------------(8) 

It means that the resolving power (i) is directly proportional to the length of the base of the prism and (ii) 

rate of change of refractive index with respect to wavelength for that particular material. 

RESOLVING POWER OF A PLANE TRANSMISSION GRATING 

       The resolving power of a grating is defined as the ratio of the wavelength   of any spectral line to the 

smallest difference in wavelength      between this line and a neighboring line such that the two lines 

appear just resolved, according to Rayleigh’s criterion. 

         So resolving power of a grating = 
λ

  
 

 
     In Fig, XY is the grating surface and MN is the field of view of the telescope, P1 is nth primary 

maximum of a spectral line of wavelength   at an angle of diffraction  n. P2 is the nth primary maximum 

of a second spectral line of wavelength   +    at a diffracting angle  n +   . P1 and P2 are the spectral 
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lines in the nth order. These two spectral lines according to Rayleigh, will appear just resolved if the 

position of P2 also corresponds to the first minimum of P1. 

 The direction of the nth primary maximum for a wavelength   is given by, 

                      (a + b)       n                                                                                      ---------------(1) 

The direction of the nth primary maximum for a wavelength   +    is given by, 

              (a + b)           =                                                                           ---------------(2) 

  These two lines will appear just resolved if the angle of diffraction         also corresponds to the 

direction of the first secondary minimum after the nth primary maximum at P1 (corresponding to the 

wavelength). This is possible if the extra path difference introduced is  
λ

 
, where N is the total number of 

lines on the grating surface. 

         (a + b)          =                                                                           -----------------(3) 

Equating the right hand sides of equations (2) and (3), 

                  or           or                                          ---------------(4) 

  The quantity    λ       measures the resolving power of a grating. Thus, the resolving power of a 

grating is independent of the grating constant. The resolving power is directly proportional to (i) the 

order of the spectrum and (ii) the total number of lines on the grating surface. For a given grating, the 

distance between the spectral lines is double in the second order spectrum than that in the first order 

spectrum.The dispersive power of a grating is given by,  
  

 λ
 

 

         
 

   

    
; and the resolving power 

of a grating is given by, 
λ

  
   , where n is the order of the spectrum and N is the total number of lines 

on the grating surface.    is the number of lines per cm on the grating surface. Here   gives the direction 

of the nth principal maximum corresponding to a wavelength  . From the above equation, it is clear that 

the dispersive power increases with increase in the number of lines per cm and the resolving power 

increases with increases in the total number of lines on the grating surface (i.e. width of the grating 

surface).High dispersive power refers to wide separation of the spectral lines whereas high resolving 

power refers to the ability of the instrument to show nearby spectral lines as separate ones 

Comparison of Prism and Grating spectra: 

(1) With a grating, a number of different orders can be obtained on the two sides of the central 

maximum whereas with a prism only one spectrum is obtained. 

(2) The spectra obtained with a grating are comparatively purer than those with a prism. 

(3) Knowing the grating element (a+b) and measuring the diffraction angle, the wavelength of 

any spectral line can be measured accurately.The angles of deviation are dependent on the 

refractive index of the material of the prism, which depends on the wavelength of light. 

(4) The intensities of the spectral lines with a grating are much less than with a prism. 

(5) The dispersive power of a grating is  
 

  
 = 

   

   
  and this is constant for a particular order. Thus, 

the spectral lines are evenly distributed. Hence, the spectrum obtained with a grating is said to 

be rational. The dispersive power of a prism is 
  

   
 and this has higher value in the violet 

region than in the red region. Hence, there will be more spreading of the spectral lines 

towards the violet and the spectrum obtained with a prism is said to be irrational. 
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myF-III 

tpspk;G tpisT 

/g;uney; tpspk;G tpisTk;> g;uhd;Ncwhgh; tpspk;G tpisTk; (Fresnel and Fraunhofer′s 

diffraction) tpspk;G tpistpid ,U tiffshfg; gphpf;fyhk; 1. /g;uney; tpspk;G 

tpisT   2./g;uhd;Ncwhgh; tpspk;G tpisT 

(1) /g;uney; tpspk;G tpisT:  ,t;tifahd tpspk;G tpistpy; %yKk;> jpiuAk; 

tpspk;G tpistpid Njhw;Wtpf;Fk; jil nghUspypUe;J tuk;gpw;F cl;gl;;l 

njhiytpy; ,Uf;fNtz;Lk;.  ,e;j tifapy; fw;iwfis ,izahf;fNth 

my;yJ Ftpg;gjw;Nfh tpy;iyfs; gad;gLj;jg;gLtjpy;iy.  ,jpy; gL 

miyKfg;G cUis tbtpNyh my;yJ Nfhsf tbtpNyh ,Uf;Fk;. 

(2) /g;uhd;Ncwhgh; tpspk;G tpisT:  ,t;tifahd tpspk;G tpistpy; %yKk; 

jpiuAk; vz;zpyhj; njhiytpy; mikAk;.  ,t;tifapy; Ftpf;Fk; tpy;iyfs; 

gad;gLj;jg;gLfpwJ.  vdNt Njhd;Wfpd;w tpspk;G tpisT njspthf 

,Uf;Fk;.  ,e;j tifapy; jil nghUspd; kPJ tpOk; gLmiy Kfg;G rkjs 

miyKfg;ghFk;. 

FWf;fPl;L thpfisAk;> tpspk;G tpisT gl;ilfisAk; xg;gpLjy; (Comparison between  

interference fringes and diffraction bands) 

1) FWf;fPl;L gl;ilfshdJ ,U xhpay; %yq;fspypUe;J tUk; ,U miyTfs; 

FWf;fpLtjhy; Vw;gLfpwJ.  Mdhy; tpspk;G tpisg;gl;ilahdJ xU xsp 

%yj;jpypUe;J tUk; miyKg;gpd; gy FWf;fpLtjhy; Vw;gLfpwJ. 

2) Rj;jkhd FWf;fPl;Lg; gl;ilapy; ,Us; thpfs; KOikahd ,UshfTk;> xsp 

thpfs; KOikahd nghypTlDk; mikAk;.  Mdhy; tpspk;G tpisTg; gl;ilfs; 

xd;iw Nehf;f kw;wJ ,UshfTk;> nghypthfTk; Njhd;Wk;. 

3) FWf;fPl;L gl;ilfspd; mfyk; rkkhdJ.  Mdhy; tpspk;G tpisT gl;ilfs; 

rkkhdjy;y. 

4) nts;nshsp gad;gLj;jpdhYk; xw;iw epw xsp gad;gLj;jpdhYk; ngWfpd;w 

tpspk;G tpisT gl;ilfs; xNu jd;ik nfhz;ljhFk;. Mdhy; nts;nshsp 

gad;gLj;Jk; NghJfpilf;fpd;w FWf;fPl;L  

(i) Neh; tpspk;gpy; tpspk;G tpisT (Diffraction at Straight Edge) 

     S vd;w FWfpa gpsT fhfpjj; jsj;jpw;Fr; nrq;Fj;jhf mikj;J>xw;iw epw 
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xspnfhz;L nghypT+l;lg;gLfpwJ.  AB vd;w Neh; Kidgpstpw;F ,izahf 

itf;fg;gl;Ls;sJ.  jLg;gpw;F kWgf;fj;jpy; fhfpj;j jsj;jpw;Fr; nrq;F;jjhf xU jpiu 

itf;fg;gl;Ls;sJ.  SAC vd;gJ jpiuf;Fr; nrq;Fj;J> xspahdJ Neh;Nfhl;by; nrd;why; 

jpiuapy; C w;F fPo; KOikAk; ,UshfTk;>C w;F Nky; rPuhd nghypTlDk; ,Uf;f 

Ntz;Lk;.  Mdhy;C w;F Nky; $h;e;J Nehf;fpdhy;> khWg;ll mfyq; nfhz;l 

,Us;gl;ilfSk;> xspg; gl;ilfSk; mike;jpUg;gJ njhpAk;.  NkNy nry;yr; nry;y 

gl;ilfs; FWfyhf rPuhd nghypT Vw;gLfpwJ.  ,Nj Nghd;W Cw;F fPo; nghypT 

gbg;gbahff; Fiwe;J> Gs;spapy; nrwpT fhzNtz;Lk;. A vd;gJ C apid Nehf;f miy 

KfkhFk;.  miyKfg;gpid ty miu miyT Neu kz;byq;fshfg; gphpf;fyhk;.  

,tw;wpd; fPo;gFjp Neh; tpspk;G AB My; jLf;fg; gl;LtpLfpwJ.   

 

 

 

 

Cw;F fPo; ,jw;F mUfhikapy; mike;Js;s C1vd;w Gs;spiaf; fUJNthk;. C1I Nehf;f 

A1 miyKfkhFk;.  ,g;NghJ AA1 vd;w gFjpapy; Kjy; miy miyT Neu 

kzlyj;jpd; Nkw;gFjp mlq;fpapUg;gjhff; nfhs;Nthk;.  MfNt Neh; tpspk;ghdJ miu 

miyT Neu kz;lyj;jpd; fPo;gFjp KOtijAk; Nkw;gFjpapy; Kjy; kz;lyj;ijAk; 

jLg;gjhff; nfhs;Nthk;.  MfNt C1 y; Vw;gLk; ,lg;ngah;r;rp –d2/4 MFk;.  vdNt 

nrwpT d2
2
/16w;F Neh;tpfpjj;jpy; mikAk;.  C1 vd;w Gs;sp fPNo nry;yr; nry;y> 
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Nkw;gFjpapy; ,uz;lhk;> %d;whk; kz;kyq;fs; ntl;lg;gLfpd;wd.  vdNt nrwpthdJ 

Fiwe;J> gpd;G ,UshfptpLfpwJ.kz;lyq;fshfg; gphpf;fg;gLfpwJ.   

/g;uhd;Ncwhgh; tpspk;GtpisT (Fraunhofer Diffraction) 

(i) xw;iw gpsT (Single Slit) 

             AB vd;gJ mfyk; “a “ nfhz;l gpsthFk;.  ,e;j gpsT fhfpjj; 
jsj;jpw;Fr; nrq;Fj;jhf itf;fg;gl;Ls;sJ.  gpstpd; kPJ xU rkjs miyKfg;G 

tpOfpwJ.  miy Kfg;gpYs;s xt;nthU Gs;spfSk; ,uz;lhk; epiy (secondary) xsp 

%ykhfr; nraw;gl;L ,uz;lhk;epiymiyf;Fl;bfisj; (secondary wavelets) 

Njhw;Wtpf;fpd;wd.  ,tw;wpy; ngUk;gFjp Gs;spf;nfh;lhy; fhl;lg;gl;Ls;s AN jpirf;F 

,izahfr; nry;fpwJ.  ,it xU tpy;iyahf P vd;w Gs;spapy; Ftpf;fg;gLfpwJ.  P 

is milfpd;w cy;yh miyKfg;GfSk; rkf; fl;lj;jpy; ,Ug;gjhy;> ,g;Gs;sp ngUkr; 
nrwpT nfhz;bUf;Fk;.  Njhd;Wfpd;w ,uz;lhk;epiy miyf; Fl;bfspy; xU gFjp 
gpstpd; tpspk;gpy; tise;J> gy jpirfspYk; nry;fpd;wd.  xU Fwpg;gpl;l jpirapy; 
nry;fpd;w fw;iwfis xU tp;yiyia gad;gLj;jp xU Gs;spapy; Ftpf;fyhk;.gLfjph; 

jpirf;F ϴ Nfhzk; rha;thfr; nry;Yk; fw;iwfis fUJNthk;.  ,tw;iw xU tpy;iy 
gad;gLj;jp P1  vd;w Gspspapy; Ftpf;fg;gLfpwJ.  P1 Gs;spia milfpd;w fw;iwfs; 
vy;yhk; xNu fl;lj;jpy; mikahJ. fl;l NtWghL nfhz;bUf;Fk;.  ghij 
NtWghl;bisf; fPo;f;fz;lthW fzf;fplyhk;. 

 

fw;wiffs; BD f;F gpd;G P1 I milAk; tiu rkkhd ghijapy; nry;fpd;wJ.  vdNt 

A,B  Mfpatw;wpapyUe;J Gwg;gLk; ,uz;lhk;epiy miyf;Fl;ofis;f fUJk;NghJ. 

mtw;wpw;fpilNa cs;s ghijNtWghL.  AD MFk; Mdhy;                        

AD = AB. sinϴ 

Gpstpd; mfyk; “a” vdf;nfhz;lhy;> ghijNtWghL AD = a. sinϴ ghijNtWghL a sinϴ = 

λ vdf; nfhz;lhy;> ,J mopj;jy; FWf;fPL vdf; fhl;lyhk;. C vd;gJ gpstpd; 

ikag;Gs;sp vdpd; gpstpid AB, BC vd ,U gFjpfshfg; gphpf;fyhk;.  A, B 

Mfpatw;wpw;fpilNa cs;s ghij NtWghL λ/2 MFk;.   
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            ,Nj Nghd;W AC gFjpapy; cs;s xt;nthU Gs;spfl;Fk; xj;j Gs;spfs; BC 

gFjpapy; mike;jpUf;Fk;.  ,t;tpU xj;j Gs;spfl;fpilNa cs;s ghijNtWghL λ/2 

,jdhy; mopj;jy; FWf;fPL Njhd;WfpwJ.  MfNt P1 d; nrwpT rpWkkhf ,Uf;Fk;.   

           asinϴ =nλ      n=1,2,3,.... 

     ,NjNghd;w P w;F mLj;j gf;fj;jpYk; rpWkq;fs; Njhd;Wfpd;wd.  mLj;jLj;j 

rpWkq;fl;fpilNa xU ngUkk; Njhd;WfpwJ.  ,tw;wpd; Jizg;ngUkk;(secondary 

maxima) vd;gh;.ghij NtWghL  miu miyePsj;jpd; xw;iw gil vz; ngUf;fw;gydhf 

,Uj;jhy;> ,e;jj; jpirapy; Jizg; ngUkq;fs; Njhd;Wfpd;wd.  nghJthf ngUkr; 

nrwptpw;fhd epge;jid    asinϴ = (2n+1)λ/2            ,q;F n=0,1,2,.... 

,t;thW xw;iwg; gpsthy; Njhd;Wfpd;w tpspk;G tpisTg; ghq;F ikaj;jpy; nghypT 

kpUe;j ikaj; ngUkj;ijAk;> ,jd; ,U gf;fq;fspYk; Jizg; ngUkq;fisAk;> 

rpWkq;fiyAk; khwp khwp nfhz;bUf;Fk; xw;iw tpspk;gpy; Njhd;Wk; /g;uhd; Ncwhgh; 

tpspk;G tpisT ghq;fpd; nrwpT glk;3.16 y; fhl;lg;gl;Ls;sJ.  

 (ii),ul;ilg; gpsT  (Double slit) 

   AB,CD vd;git mfyk; a nfhz;l ,U rpwpa gpsTfs; .,t;tpU gpsTfSk; mfyk; b 

nfhz;l xspGfhg; gFjpahy; gphpf;fg;gLs;sJ.  ,e;j ,ul;ilg; gpstpy;  xU rkjs 

miyKfg;G tpOtjhf;f nfhs;Nthk;.  miyKfg;gpYs;s xt;nthU Gs;spfSk; 

,uz;lhk;epiy xsp %ykhfr; nraw;gl;L> ,uz;lhk;epiy miyf;Fl;bfisj; 

Njhw;Wtpf;fpwJ.  gLfjph; jpirf;F ,izahfj; Njhd;Wfpd;w vy;yh ,uz;lhk;epiy  

miyf;Fl;bfs; P  y; Ftpf;fg;gLfpwJ.  P vd;w gs;sp ikag; nghypT ngUkkhFk;.  

,e;jg; Gs;spapy; Vw;gLfd;w ,lg;ngah;r;rp> xw;iwg; gpsthy; Vw;gLfpd;w ,lg;ngah;r;rp 

Nghd;W ,U klq;fhFk;.  vdNt P y; cs;s nrwpT xw;iwg; gpsthy; Vw;gLtijg; 

Nghd;W ehd;F klq;fhFk;. 



 
Dr.N.Geetha 
Department of Physics 
 
 

35 

 

     Kjy; rpWkk; Njhd;wf;$ba jpirf;F asinϴ=3λ/2 vdj; njhpAk;.  mLj;j 

ngUkj;jpw;fhd jpir asinϴ = 3λ/2 ngUkKk; rpWkKk; khwp khwp mikAk;.  nghJthf 

ngUkk; Njhd;Wtjw;fhd jpirf;fhd epge;jid asinϴ = (2n+1)λ/2 

rpWkj;jpw;fhd epge;jid asinϴ= nλ. ,q;F Vw;gLk; ngUkkhdJ xw;iwg; gpsthy; Vw;gLk; 

nghyptpid tpl mjpfkhf ,Uf;Fk;.NkYk; ,uz;L gpsTfspypUe;J tUk; 

miyKfg;Gfshy; FWf;fPl;L tpisTk; Njhd;Wk;.ghijNtWghL (a+b)sinα = nλ vdpd;. 

Mff;f FWf;fPl;L tpisT Vw;gLfpwJ.  vdNt xj;j Gs;spfspypUe;J tUfpd;w 

miyf;Fl;bfs; xd;Nwhnlhd;W ,ize;J ngUkj;ij cz;lhf;FfpwJ.,t;thwpd;wp 

(a+b)sinα = (2n+1)λ/2 vdpd; ,j;jpirapy; rpWkk; Njhd;WfpwJ.  ,it ,ul;il gpsthy; 

Vw;gLk; FWf;fPl;L tpisT ngUkk;> rpWkq;fshFk; 

 

     ,U gpsTfshy; Njhd;Wfpd;w /g;uhd;Ncwhgh; tpspk;G tpisT nrwptpd; gfph;T 

glk;; fhl;lg;gl;Ls;sJ.  glj;jpy; KOf; NfhL rk ,ilntspapy; mike;Js;s FWf;fPl;L 

ngUkq;fisAk;> rpWkq;fisAk;> Gs;spf;NfhL tpspk;G tpisTg; ngUq;fisAk;> 

rpWkq;fisAk; Fwpf;fpwJ. 
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UNIT – IV – POLARIZATION 

 

 

 

 

INTRODUCTION 

The phenomena of interference and diffraction demonstrated that light is propagated in the form of waves. They did 
not specify whether the light waves are transverse or longitudinal. The phenomena of interference and diffraction are possible in 

both transverse and longitudinal waves. The phenomenon of polarization distinctly proves that light waves are only transverse 
in nature. Light is propagated in the form of electromagnetic waves.  

 

POLARIZATION 

The phenomenon of restricting the vibrations of light (electric or magnetic field vector) to a particular direction 

perpendicular to the direction of propagation of wave is called polarization of light.  

POLARIZER AND ANALYZER 

Let us consider an unpolarized beam of light. The vibrations can be in all possible directions all of them being 
perpendicular to the direction of propagation as shown in fig. When this light passes through Polaroid P1 the vibrations are 

restricted to only one plane. The emergent beam can be further passed through another Polaroid P2. If the Polaroid P2 is 

rotated about the ray of light as axis, for a particular position of P2 the intensity is maximum. When the Polaroid P2 is rotated 

from this position the intensity starts decreasing. There is complete extinction of the light when P2 is rotated through 90o. On 

further rotation of P2 the light reappears and the intensity increases and becomes a maximum for a further rotation through 90o. 

The light coming out from polaroid P1 is said to be plane polarized.  

The Polaroid (here P1) which plane polarizes the unpolarized light passing through it is called a polarizer. The polaroid 

(here P2) which is used to examine whether a beam of light is polarized or not is called an analyzer.  

If the intensity of the unpolarised light is I then the intensity of plane polarised light will be I/2 . The other half of 

intensity is restricted by the polariser. 

 

 
 

BREWSTER'S LAW  

It states that at any particular angle of incidence, reflected ray is completely polarized; and the angle between reflected 

and refracted ray is 900. 

when reflected wave is perpendicular to the refracted wave, the reflected wave is a totally polarised wave. The angle of 

incidence in this case is called Brewster’s angle and is denoted by iB. We can see that iB is related to the refractive index of the 

denser medium. Since we have iB+r = π/2, we get from Snell’s law 

 µ = 
sin 𝑖𝐵

sin 𝑟
 = 

sin 𝑖𝐵

sin(
π

2
−𝑖𝐵)

 = = 
sin 𝑖𝐵

cos 𝑖𝐵
 = tan iB. This is known as Brewster’s law. 

MALUS LAW  

 When a completely plane polarized light is incident on an analyzer. The intensity of emergent light varies as the square 
of the cosine of the angle between the polarizer and analyzer. (i.e), I = I0 Cos2 θ.  

 

DOUBLE REFRACTION 

Erasmus Bartholinus, a Danish physicist discovered that when a ray of unpolarised light is incident on a calcite crystal, 

two refracted rays are produced. Hence, two images of a single object are formed. This phenomenon is called double 

INTRODUCTION – DOUBLE REFRACTION - NICOL PRISM – NICOL PRISM AS POLARIZER & 

ANALYZER – QUARTER AND HALF WAVE PLATE – PRODUCTION AND DETECTION OF PLANE, 

ELLIPTICALLY AND CIRCULARLY POLARIZED LIGHT ––OPTICAL ACTIVITY – SPECIFIC ROTATION - 

LAURENT’S HALF SHADE POLARIMETER. 
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refraction as shown in fig. Double refraction is also called birefringence. This phenomenon is also exhibited by several other 

crystals like quartz, mica etc. 

When an ink dot on a sheet of paper is viewed through a calcite crystal, two images will be seen. On rotating the crystal, 

one image remains stationary, while the other rotates around the first. The stationary image is known as the ordinary image O, 

produced by the refracted rays which obey the laws of refraction, called as ordinary rays. The other image is extraordinary image E, produced 

by the refracted rays which do not obey the laws of refraction, called as extraordinary rays. The extraordinary ray is found to be plane 

polarised. Inside a double refracting crystal the ordinary ray travels with same velocity in all directions and the extra ordinary 

ray travels with different velocities along different directions. A point source inside a refracting crystal produces spherical 

wavefront corresponding to ordinary ray and elliptical wavefront corresponding to extraordinary ray. Inside the crystal, there 

is a particular direction in which both the rays travel with same velocity. This direction is called optic axis. Along the optic 

axis, the refractive index is same for both the rays and there is no double refraction along this direction. 

 

TYPES OF OPTICALLY ACTIVE CRYSTALS 

Crystals like calcite, quartz, tourmaline and ice having only one optic axis are called uniaxial crystals.  

Crystals like mica, topaz, selenite and aragonite having two optic axes are called biaxial crystals. 

HUYGEN’S EXPLANATION OF DOUBLE REFRACTION IN UNIAXIAL CRYSTALS 

          Huygens explained the phenomenon of double refraction with the help of his principle of secondary wavelets. A point 

source of light in a double refraction medium is the origin of two wavefronts.  

For the ordinary ray, for which the velocity of the light is the same in all directions, the wavefront is spherical. 

  For the extraordinary ray, the velocity varies with the direction and the wavefront is an ellipsoid of revolution.  

The velocities of the ordinary and extraordinary rays are the same along the optic axis. 

 

         Consider a point source of a light S in a calcite crystal fig (a). The sphere is the wave surface for the ordinary ray and 

the ellipsoid is the wave surface for extraordinary ray.  

The ordinary wave surface lies within the extraordinary wave surface. Such crystals are known as negative crystal. For 

positive crystals like quartz, the extraordinary wave surface lies within the ordinary wave surface fig (b)   

      For the negative uniaxial crystals, μ0 > μE,. the velocity of the extraordinary ray varies as the radius vector of the 

ellipsoid.  It is least and equal to the velocity of the ordinary ray along the optic axis, but it is maximum at right angle to the 

direction of the optic axis. 
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For the positive uniaxial crystals, μE > μ0, the velocity of the extraordinary ray is least in a direction at right angle to the 

optics axis. It is maximum and is equal to the velocity of the ordinary ray along the optic axis. Hence, from Huygen’s theory, 

the wavefronts in uniaxial crystals are a sphere and an ellipsoid and there are two points where these two wavefronts touch each 

other. The direction of the line joining these two points (where the sphere and ellipsoid touch each other) is the optic axis. 

UNIAXIAL CRYSTALS 

The crystals for which the velocities of the ordinary and the extraordinary rays are the same along a single optic axis, 

are called the uniaxial crystals. For negative uniaxial crystals, µo > µE, for positive uniaxial crystals, µE > µo. 

NICOL PRISM 

        A Nicol prism is made from calcite crystal. It was designed by William Nicol in 1820. A rhomb of calcite crystal about 

three times as long as it is thick, is obtained by cleavage from the original crystal. The ends of the rhombohedron are ground 

until they make an angle of 68 ̊ instead of 71̊ with the longitudinal edges. This piece is then cut into two along a plane 

perpendicular both to the principal axis and to the new edge surfaces.  

The two parts of the crystal are then cemented together with Canada balsam, whose refractive index lies between the 

refractive indices of calcite for the o-ray and e-ray. μ0 = 1.66, μe = 1.486 and μCanada balsam = 1.55. The position of optic axis AB is 

as shown in the figure. The refractive index for e-ray depends upon the direction in which e- ray is propagating in the crystal. 

                         

Uses of Nicol prism 

(i) It produces plane polarised light and functions as a polariser 

(ii) It can also be used to analyse the plane polarised light i.e used at an analyser. 

Drawbacks of Nicol prism 

(i) Its cost is very high due to scarity of large and flawless calcite crystals  

(ii) Due to extraordinary ray passing obliquely through it, the emergent ray is always       displaced a little to one side. 

(iii) The effective field of view is quite limited. 

         (iv) Light emerging out of it is not uniformly plane polarised. 

Nicol Prism:  Unpolarized light is made to fall on the crystal as shown in the figure at an angle of about 15 ̊. The ray after 

entering the crystal suffers double refraction and splits up into o-ray and e-ray.   

 NICOL PRISM AS POLARIZER AND ANALYSER 

        Nicol prism is widely used for the production and detection of linearly polarised light. 
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         When two Nicol prisms P and A are placed adjacent to each other as shown in the figure, one of them acts as a 

polarizer and other acts as an analyser.  

If an unpolarized ray of light is incident on the Nicol prism P, a linearly polarized e-ray emerges from P with its 

vibration direction lying in the principal section of P. The state of the polarization of the light emerging from polarizer P can be 

examined with another polarizer A, called an analyser.  

Let now this ray be incident on the second Nicol prism A, whose principal section is parallel to that of P. The vibration 

direction of the ray will be in the principal section of A and hence it is transmitted unhindered through the analyser A. 

         If the Nicol prism A is gradually rotated, the intensity of the e-ray decreases in accordance with Malus law. When its 

principal section becomes perpendicular to that of the Nicol prism P, the vibration of the ray, emerging form P and incident on 

A, will be perpendicular to the principal section of A. In this position ray behaves as o-ray inside the prism A and is totally 

internally reflected by the Canada balsam layer. Hence no light is transmitted by the prism A. 

 In this configuration, the two Nicol prisms P and A are said to be crossed. If the Nicol prism A is further rotated 

through another 90 ̊, the intensity of light emerging from A will go on increasing. The intensity will become maximum when its 

principal section is again parallel to that of the prism P. Thus, the prism P produce linearly polarised light while the prism A 

detects it. Hence, the prism P is called a polarizer and the prism A an analyser. 

QUARTER AND HALF WAVE PLATE 

Quarter wave plate 

A quarter wave plate is a thin plate of birefringent crystal having the optic axis parallel to its refractive faces and its 

thickness adjusted such that it introduces a quarter wave (λ/4) path difference (or a phase difference of 90˚) between the e-ray and 

o-ray propagating through it.  

 

 

 

 

 

 

 

When a plane polarized light wave is incident on a birefringent crystal having optic axis parallel to its refracting face, 

the wave splits into e-wave and o-wave. The two waves travel along the same direction but with different velocities. As a result, 

when they emerge from the rear face of the crystal, an optical path different would be developed between them. Thus, for a 

quartz wave plate,  
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A quarter wave plate introduces between e-ray and o-ray a phase difference δ is given by,    9022   

Applications  

(i) A quarter wave plate is used in producing elliptically or circularly polarized light.  

(ii) It converts plane polarized light into elliptically or circularly polarized light depending upon the angle that the 

incident light vector makes with optic axis of the quarter wave plate.  

(iii) Circularly polarized light incident on a wave plate is converted into linearly polarized light.  

 

 

Elliptically 
Polarized light  

linearly 
Polarized light  
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Half wave plate 

A half wave plate is a thin plate of birefringent crystal having the optic axis parallel to its refractive faces and its 

thickness adjusted such that it introduces a half wave (λ/2) path difference (or a phase difference of 180˚) between the e-ray and o-

ray propagating through it.  

When a plane polarized light wave is incident on a birefringent crystal having optic axis parallel to its refracting face, 

the wave splits into e-wave and o-wave. The two waves travel along the same direction but with different velocities. As a result, 

when they emerge from the rear face of the crystal, an optical path different would be developed between them.  
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A quarter wave plate introduces between e-ray and o-ray a phase difference δ is given by,    1802   

Rotation of the plane of polarization of linearly polarized light by a half wave plate

 

Applications 

A half wave plate rotates the plane of polarization of the incident plane polarized light through an angle 2θ. The half wave 

plate can be used to invert the handedness of elliptical or circular polarized light, changing right to left and vice versa.  

PRODUCTION OF LINEARLY POLARIZED LIGHT 

 A Polarizer is associated with a specific direction called the transmission axis of the polarizer. If natural light is incident 

on a polarizer, only those vibrations that are parallel to the transmission axis are allowed through the polarizer whereas the 

vibrations that are in perpendicular directions are totally blocked. Therefore, the transmitted light contains waves oscillating in 

the same plane as illustrated in fig. Thus, the transmitted beam is linearly polarized. 

 

DETECTION OF LINEARLY POLARIZED LIGHT 

 An analyzer is an optical element, which is used to identify the plane of vibration of plane polarized light. To examine 

light coming from some direction either after emission or reflection etc, we use a Polaroid sheet. The Polaroid sheet used to 

determine the plane of polarization of light is known as analyzer. There is no difference between a polarizer and analyzer in 

fabrication but they differ in their roles. Both the polarizer and analyzer are characterized by a transmission axis. 
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 When the transmission axis of the analyzer A is set up parallel to that of polarizer P, light transmitted by the polarizer, 

passes unhindered through the analyzer (Fig. a). 

 If the transmission axes are set at an angle q, light is partially transmitted (Fig. b). As the angle rotates from 0° to 90°, 

the amount of light that is transmitted decreases. When the axes are perpendicular to each other, the polarized light from P is 

extinguished by the analyzer A (Fig. c). The polarizer and analyzer are said to be crossed in this configuration. 

  PRODUCTION OF ELLIPTICALLY POLARIZED LIGHT 

To produce elliptically polarized light, the two waves vibrating at right angles to each other having unequal amplitudes 

should have a phase difference of 𝝅/2 or a path difference of /4. 

In this case, the vibrations of the plane polarized falling on the quarter wave plate should not make an angle 45° with 

the optic axis.  

 

DETECTION OF ELLIPTICALLY POLARIZED LIGHT 

The light beam is allowed to pass through an analyser. If on rotating the analyzing polaroid sheet or Nicol, the 

intensity of the emerging beam varies from a maximum to a minimum value, but is never zero, then the incident light is 

elliptically polarized.  

 

 

 

 

 

 

 

  

             A similar result would be obtained if the incident light is partially polarized. The two cases may be distinguished by 

inserting a quarter wave plate in the path of light before it falls on the analyser.  

If the original light is elliptically polarized, it may be considered as resultant of two coherent plane polarized waves that 

is e-ray and o-ray, which are out of phase by 90˚. If the light passes through the quarter wave plate, an additional phase 

difference of 90˚ is introduced between the e-ray and o-ray. Therefore, the total phase difference becomes 180˚ between the e-

ray and o-ray. On emerging from the quarter wave plate is examined with an analyzer, light will be extinguished twice in one 

full rotation of the polarizer as shown in fig.  
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PRODUCTION OF CIRCULARLY POLARIZED LIGHT 

To produce circularly polarized light, the two waves vibrating at right angles to each other having the same amplitude 

and time period should have a phase transformation of 𝝅/2 or a path difference of /2. 

A parallel beam of monochromatic light is allowed to fall on a nicol prism N1. The nicol prism N2 is placed at some 

distances from N1 so that N1 and N2 are crossed.A quarter wave plate P is mounted on a tube A and rotated such that the 

mark S is made to coincide with 45° mark on A. The polarized light  is split up into two rectangular components (ordinary and 

extraordinary) having equal amplitude and time period and on coming at of the quarter wave plate, the beam is circularly 

polarized. 

DETECTION OF CIRCULARLLY POLARIZED LIGHT 

The light beam is allowed to pass through an analyser. If on rotating the analyzing polaroid sheet or Nicol, the 

intensity of the emerging uniform, then the incident light is circularly polarized. A similar result would be obtained if the 

incident light is ordinary unpolarized light. The two cases may be distinguished by inserting a quarter wave plates in the path of 

light before it falls on the analyser. If the given light is circularly polarized, it may be considered as resultant of two coherent 

plane polarized waves that is e-ray and o-ray, which are out of phase by 90˚. If the light passes through the quarter wave plate, 

an additional phase difference of 90˚ is introduced between the e-ray and o-ray. Therefore, the total phase difference becomes 

180˚ between the e-ray and o-ray. On emerging from the quarter wave plate, the e- and o- rays combine to produce plane 

polarized light. Therefore, if the light coming out of quarter wave plate is examined with an analyzer, light will be extinguished 

twice in one full rotation of the polarizer as shown in fig .  

 

 

 

 

 

 

 

ANALYSIS OF PLANE, CIRCULARLY AND ELLIPTICALLY POLARIZED LIGHT 
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OPTICAL ACTIVITY 

When a beam of plane polarized light propagates through a quartz crystal along the optic axis, the plane of polarization 

steadily turns about the direction of the beam, as shown in fig . 

The ability to rotate the plane of polarization of the plane polarized light by certain substances is called optical activity. 

 

 

 

 

 

 

 

 

Substances, which have the ability to rotate the plane of the polarized light passing through them, are called optically 

active substances.  

Examples of optically active crystals: Quartz and cinnabar. 

Examples of optically active solutions: Solutions of sugar, tartaric acid. 

Optically active substances are classified into two types.  

(i) Dextrorotatory substances: substances which rotate the plane of polarization of the light towards the right are 

known as right-handed or dextrorotatory. 

(ii) Laevorotatory substances: Substances which rotate the plane of polarization of the light towards the left are 

known as left-handed or laevorotatory.  

SPECIFIC ROTATION: 

 The specific rotation is defined as the rotation produced by a decimeter (10 cm) long column of the liquid containing 1 

gram of the active substance in one cc of the solution.  Therefore,     

                                            
lC

S




101
  

where S
1


 represents the specific rotation at temperature t0C for a wavelength λ, θ is the angle of rotation, l is the length of the 

solution in cm through which the plane polarized light passes and C is the concentration of the active substance in g/cc in the 

solution. 

 The angle through which the plane of polarization is rotated by the optically active substance is determined with the 

help of a polarimeter. 

 

OPTIC AXIS 
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LAURENT’S HALF SHADE POLARIMETER 

A polarimeter is an instrument used to find the optical rotation of solutions.  

 

Construction: 

 

 

A polarimeter consists of a glass tube for holding the solution under test held between crossed Nicol prisms, N1 and N2 

(Fig . a).  

G is a glass tube which contains the optically active solution. Light from a monochromatic source is rendered parallel 

by the lens L and is incident on the polarizer, N1.  

Working 

                                                                         

          Fig. (b)                                                                  Fig (c) 

         To find the specific rotation of a solution, the analyser is first adjusted such that the field of view is completely dark.  

 Then the glass tube is filled with the solution and is held in position. The field of view becomes illuminated.  

 The field of view can be again be made dark by rotating the analyser through certain angle which gives the optical 

rotation of the solution.  

 The practical difficulty in this method is in determination of the exact position for which complete darkness is 

achieved. This difficulty is overcome by using what is known as a Laurent’s half-shade device(figb). 

 It consists of semicircular half wave plate ACB of quartz cemented to a semicircular plate ADB of glass.  

 The optic axis of the wave plate is parallel to the line of separation AB. The half wave plate introduces a phase 

difference of 180˚ between e-ray and o-ray passing through it. 

 The thickness of the glass plate is such that it transmits the same amount of light as done by the quartz half wave plate. 

One half of the light passes through the quartz plate ACB and the other half through the glass plate ADB.  

 The light after passing through the polarizer is incident normally on the half shade plate and has vibration along OP. 

On passing through the glass, half the vibrations will remain along OP but on passing through the quartz, the 

vibrations will split into e- and o-rays. The o-vibrations are along OD and e- vibrations are along OA. The half wave 

plate introduces a phase difference of  rad between the two vibrations. The vibrations of o-ray will occur along OC 

instead of OD on emerging from the plate.  Therefore, the resultant vibration will be along OQ whereas the vibrations 

of the beam emerging from glass plate will be along OP.  

 In effect, the half wave plate turns the plane of polarization of the incident light through an angle 2θ.  

 If the principal plane of the Nicol N2 is aligned parallel to OP, the plane polarized light emerging from the glass tube 

will pass through the glass plate of the half shade plate and that part appears brighter. On the other hand light coming 

out of the quartz plate is partially obstructed and corresponding field of view appears less bright.  

 If the principal plane of N2 is aligned parallel to OQ the quartz half will appear brighter than the glass half. Thus, the 

two halves of the plate are unequally illuminated.  

 When the principal plane of N2 is parallel to AB, the two halves appear equally bright and it is parallel to CD, the two 

halves appear equally dark.  

 To find the specific rotation of a solution, the analyser is first set in the position for equal darkness without solution in 

the tube G. The reading on circular scale is noted.  
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 Next, the tube is filled with optically active solution of known concentration. The field of view is now partially 

illuminated. The analyser is rotated till the field of view becomes equally dark. The reading on circular scale is noted 

again. The difference between the two scale readings gives the angle of rotation of the plane of polarization caused by 

the solution. Knowing the values of θ, l and c, the specific rotation is obtained using the following formula 

                                  
Cl

S
t





  = 

𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑑𝑒𝑔𝑟𝑒𝑒𝑠

𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑑𝑒𝑐𝑖𝑚𝑒𝑡𝑟𝑒𝑠×𝑐𝑜𝑛𝑐.𝑖𝑛
𝑔𝑚

𝑐.𝑐.
.
 

 In actual experiment, different concentrations of solution are taken and the corresponding angles of rotation are 

determined. A graph is plotted between concentration C and the angle of rotation θ. The graph is a straight line (fig. c). 

 

Model Questions 

1. What is polarization? 

2. What is meant by plane polarized light? 

3. Define the terms plane of vibration and plane of polarization. 

4. State Brewster’s law. 

5. Distinguish between polarized and un-polarized light. 

6. What is polarizer? 

7. What is analyzer? 

8. Write a note on Law of Malus. 

9. What is double refraction? 

10. What is an optic axis? 

11. What are uniaxial crystals? 

12. What are negative and positive uniaxial crystals? Give examples. 

13. What is a quarter wave plate? 

14. What is a half wave plate? 

15. Write an application of quarter wave plate. 

16. Write any two applications of half wave plate. 

17.  Define optical activity. 

18. What are dextrorotatory substances? 

19. What are laevorotatory substances? 

20. Define specific rotation. 

21. Describe the construction of a Nicol prism. 

22. Explain the production of (i) linearly (ii) Circularly and (iii) elliptically polarized light 

23. Describe the detection of  Elliptically polarized light and Circularly polarized light 

24. What is quarter- wave plate? Deduce its thickness for a given wave length in terms of its refractive indices. 

25. What is half- wave plate? Deduce its thickness for a given wave length in terms of its refractive indices. 

26. What do you understand by double refraction? Explain Huygen’s theory of double refraction in a uniaxial crystal.    

27. Describe the construction and working of Nicol prism and show how it can be used as a polarizer or as an analyser.  

28. Give the construction and theory of (i) quarter-wave plate and (ii) half-wave plate. 

29. Explain the construction and working of Laurent’s half shade polarimeter. 

30. Discuss the production and detection of plane, circularly and elliptically polarized light. 
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