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WAVE OPTICS 1.



If two coherent waves with intensity I1 and I2 are superimposed with a phase difference of , the resulting wave intensity is



(i)



I = I1 + I2 + 2 I1I 2 cos  For maxima, optical path difference = n [optical path =  (geometrical path)]



(ii)



For minima, optical path difference = (n –



(iii)



Phase difference  =



1 1 ) or (n + ) 2 2



2 (optical path difference) 



 : Wavelength in vacuum 2.



The phase difference between two waves at a point will depend upon



(i) (ii) (iii) (iv)



the difference in path lengths of two waves from their respective sources.( geometrical path difference) the refractive index of the medium (media) phase difference at source (if any). In case, the waves suffer reflection, the reflected wave differs in phase by  with respect to the incident wave if the incidence occurs in rarer medium. There would be no phase difference if incidence occures in denser medium.



3.



Young's Double Slit Experiment



Fig. in Young’s interference experiment, incident monochromatic light is diffracted by slit S0, which then acts as a point source of ligh that emits semicircular wavefronts. As that light reaches screen B, it is diffracted by slits S1 and.S2, which then act as two point sources of light. The light waves traveling from slits S1 and S2 overlap and undergo interference, forming an interference pattern of maxima and minima on viewing screen C. This figure is a cross section; the screens, slits, and interference pattern extend into and out of the page. Between screens Band C, the semicircular wavefront’s centered on S2 depict the waves that would be there if only S2 were open. Similarly, those centered on S1 depict waves that would be there if only S1 were open. (i)



If d (P1)



(t)



(P2) > (P1)



Young’s double slit experiment is carried out by using green, red and blue light, one color at a time. The fringe widths recorded are  G R and  B rspectively. Then [JEE 2012 (3, –1)/136] [conducted by IIT Dehli] (A)  G  B >  R



19.



(B)  B  G >  R



(C)  R  B > G



(D)  R  G > B



In the Young’s double slit experiment using a monochromatic light of wavelength , the path difference (in terms of an integer n) corresponding to any point having half the peak intensity is : [JEE Advanced (P-1) 2013]



(A) (2n + 1)



 2



(B) (2n + 1)



 4



(C) (2n + 1)



 8



(D) (2n + 1)



 16
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PART-II AIEEE (PREVIOUS YEARS PROBLEMS)



* Marked Questions are having more than one correct option.



1.



Wavelength of light used in an optical instrument are 1= 4000 Å and 2= 5000 Å, then ratio of their respective resolving powers (corresponding to and 2) is [AIEEE - 2002] (1) 16 : 25



2.



(3) 4 : 5



(4) 5 : 4



Electromagnetic waves are transverse in nature is evident by (1) polarization



3.



(2) 9 : 1



(2) interference



(3) reflection



[AIEEE-2002] (4) diffraction



To demonstrate the phenomenon of interference we require two sources which emit radiation of



[AIEEE-2003]



(1) nearly the same frequency (2) the same frequency (3) different wavelength (4) the same frequency and having a definite phase relationship



4.



The maximum number of possible interference maxima for slit-separation equal to twice the wavelength in Young's double-slit experiment is [AIEEE - 2004] (1) infinite



5.



(2) Parabola



(3) Hyperbola



(4) Circle



(2) 0 /2



(3) 20



(4) 40



When an unpolarized light of intensity 0 is incident on a polarizing sheet, the intensity of the light which does not get transmitted is [AIEEE - 2005] (1) zero



8.



(4) zero



If 0 is the intensity of the principal maximum in the single slit diffraction pattern, then what will be its intensity when the slit width is doubled ? [AIEEE - 2005] (1) 0



7.



(3) three



A young's double slit experiment uses a monochromatic source. The shape of the interference fringes formed on a screen is [AIEEE - 2005] (1) Straight line



6.



(2) five



(2) 0



(3)



1  2 0



(4)



1  4 0



In a Young's double slit experiment the intensity at a point where the path difference is wavelength of the light used) is I. If 0 denotes the maximum intensity, I/0 is equal to: 1 (1)



2



(2)



3 2



(3)



1 2



(4)



 ( being the 6



[AIEEE - 2007]



3 4
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9.



Direction : The question has a paragraph followed by two statements, Statements-1 and Statement-2. Of the given four alternatives after the statements, choose the one that describe the statements. A thin air film is formed by putting the convex surface of a plane-convex lens over a plane glass plate. With monochromatic light, this film gives an interference pattern due to light reflected from the top (Convex) surface and the bottom (glass plate) surface of the film.



[AIEEE - 2011]



Statement-1 : When light reflects from the air-glass plate interface, the reflected wave surfers a phase change of . Statement-2 : The centre of the interference pattern is dark. (1) Statement-1 is true, Statement-2 is false (2) Statement-1 is true, Statement-2 is true and Statement-2 is the correct explanation of Statement-1 (3) Statement-1 is true, Statement-2 is true and Statement-2 is not the correct explanation of Statement-1 (4) Statement-1 is false, Statement-2 is true.



10.



In Young's double slit experiment, one of the slit is wider than other, so that amplitude of the light from one slit is double of that from other slit. If Im be the maximum intensity, the resultant intensity I when they interfere at phase difference  is given by :



11.



[AIEEE - 2012]



(1)



Im (4 + 5 cos ) 9



(2)



Im  2  1 2cos 2  3  



(3)



Im  2  1 4cos 2  5  



(4)



Im  2   1  8 cos  9  2



A beam of unpolarised light of intensity I0 is passed through a polaroid A and then through another polaroid B which is oriented so that its principal plane makes an angle of 45º relative to that of A. The intensity of the emergent light is : (1) I0



12.



[JEE Mains 2013] (2) I0/2



(3) I0/4



(4) I0/8



Two coherent point sources S1 and S2 are separated by a small distance ‘d’ as shown. The fringes obtained on the screen will be :



(1) points



[JEE Mains 2013]



(2) straight lines



(3) semi-circles



(4) concentric circles
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NCERT QUESTIONS 1.



(a) The refractive index of glass is 1.5. What is the speed of light in glass? (speed of light in vacuum is 3.0 x 10–8 m s –1) (b) Is the speed of light in glass independent of the colour of light? If not, which of the two colours red and violet travels slower in a glass prism ?



2.



In a Young's double-slit experiment, the slits are separated by 0.28 mm and the screen os placed 1.4 m away. The distance between the central bright fringe and the fourth bright fringe is measured to be 1.2 cm. Determine the wavelength of light used in the experiment.



3.



What is the Brewster angle for air to glass transition? (Refractive index of glass = 1.5)



4.



The 6563 Å H line emitted by hydrogen in a star is found to be red-shifted by 15 Å Estimate the speed the speed with which the star is receding form the Earth.



5.



Explain how Newton’s corpuscular theory predicts the speed of light in a medium, say, water, to be greater than the speed of light in bvacuum. Is the prediction confirmed by experimental determination of the speed of light in water? If not, which alternative picture of light is consistent with experiment?



6.



You have learnt in the text how Huygens’ principle leads to the laws of reflection and refraction. Use the same principle to deduce directly that a point object placed in front of a mirror produces a virtual image whose distance from the mirror is equal to the object distance from the mirror.



7.



Let us list some of the factors, which could possibly influence the speed of wave propagation: (i) nature of the source. (ii) direction of the propagation. (iii) motion of the source and/or observe. (iv) wavelenght. (v) intensity of the wave. On which of these factors,if any,does (a) the speed of light in vacuum, (b) the speed of light in a medium (say, glass or water),depend?



8.



For sound waves, the Doppler formula for frequency shift slightly between the two sutuations: (i) source at rest; observer moving, and (ii) source moving;observer at rest. The exact Dopplar formulas for the case of light waves in vacuum are, however,strictly indentical for these situation. Explain why this should be so. Would you expect the formulas to be strictly identical for the two situations in case of light travelling in a medium?



9.



Answer the following questions: (a) When a low flying aircraft passes overhead, we sometimes notice a slight shaking of the picture on our TV screen. Suggest a possible explanation. (b) As you have learnt in the text, the principle of linear superposition of wave displacement is basic to understanding intensity distributions in diffraction and interference patterns. What is the justification of this principle ?



10.



In deriving the single slit diffraction pattern, it was stated that the intensity is zero at angles of n /a. Justify this by suitify this by suitably dividing the slit to bring out the canellation.
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Exercise # 1 PART-I A-1.*



(AD)



A-2.*



(BD)



A-3.



(C)



A-4.



(C)



A-5.



(C)



A-6.



(D)



A-7.



(A)



A-8.



(C)



A-9.



(A)



A-10.



(A)



A-11.



(C)



A-12.



(C)



B-1.*



(BD)



B-2.



(A)



B-3.



(D)



B-4.



(C)



B-5.



(D)



B-6.



(C)



B-7.



(C)



B-8.



(B)



B-9.



(D)



B-10.



(B)



B-11.



(B)



B-12.



(A)



B-13.



(A)



B-14.



(B)



B-15.



(C)



C-1.* (BCD)



C-2.



(B)



C-3.



(A)



C-4.



(C)



C-5.



(C)



C-6.



(B)



C-7.



(B)



C-8.



(D)



D-1.*



(AC)



D-2.



(D)



D-3.



(C)



D-4.



(A)



D-5.



(A)



D-6.



(D)



D-7.



(B)



D-8.



(B)



D-9.



(D)



D-10.



(C)



D-11.



(C)



D-12.



(C)



D-13.



(C)



E-1.



(A)



E-2.



(C)



E-3.



(C)



E-4.



(A)



E-5.



(B)



E-6.



(C)



E-7.



(A)



5.



(A)



6.



(C)



7.



(C)



9.



(A) p,q,s (B) p,s (C) r,s (D) q,s



14.



(A)



15.



(B)



PART-II 1.



(C)



8.



(A) q,r,s (B) p,q,r,s (C) q,r,s (D) p,q,r,s



10.



(D)



16.



2.



11.



(B)



(C)



3.



12.



(A)



(A)



4.



(A)



13.



(D)



(i) True, (ii) True, (iii) False



Exercise # 2 PART-I 1.



(B)



2.



(B)



3.



(C)



4.



(C)



5.



(A)



6.



(D)



7.



(A)



8.



(C)



9.



(A)



10.



(A)



11.



(B)



12.



(D)



13.



(B)



14.



(B)



15.



(CD)



16.



(CD)



17.



(BD)



18.



(ACD) 19.



(AC)



20.



(AC)



21.



(BC)



22.



(AD)



23.



(ACD) 24.



(ACD) 25.



(ABD) 26.



(ABCD) 27.



(AC)



4



1



7.



6



PART-II 1.



2



2.



3



3.



7



4.



6
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Exercise # 3 PART-I (c)  = 650 nm, 433.3 nm



(a) y = – 4.33 mm



4.



1  2 t =  n    with  = 1.8 and n = 0,1,2,3....... ; 2 



5.



(a) circular, (b)



9.



(D)



10.



15.



(B)



16.



(b) 0 =



3  4 max



1.



 min 1 , (c) 300 nm   max 16 3.5 mm. 11. (AB)



17.



6.



(A)



2.* (ABC)



3.



(A)



90 nm



7.



(B)







8. (a) 0º (b) tmin = 2µ =150 nm f



(B)



12.



(B)



(A) p, s; (B) q; (C) t ; (D) r, s, t



13.



(A)



14.



(C)



18.



(D)



19.



(B)



6.



(3)



7.



(3)



PART-II 1.



(4)



2.



(1)



3.



(4)



4.



(2)



5.



(1)



8.



(4)



9.



(3)



10.



(4)



11.



(3)



12.



(4)



Exercise # 4 1.



(a) 2.0 × 108 ms –1 (use k =



c ) 



(b) No. The refractive index , and hence the speed of light in a medium, depends on wavelength. [When no particular wavelength or colour of light is specified, we may take the given refractive index to reter to yellow colour] Now we know violet colour deviates more than red in a glass prism, i.e., n  = nr . Therefore , the viloet component of white light travels slower than the red component. 1.2  10 2  0.28  10 3 4  1.4



2.



l=



3.



tan -1 (1.5) ~ 56.30



4.



Use the formula ’ –  = i.e.,



=



= 600 nm



  c



c (’ – ) 



3  108  15 6563 = 6.86 × 10 5 ms -1 In Newton’s corpuscular (particle) picture of refraction, particles of light incident from a rarer to a denser medium experience a force of attraction normal to the surface. This results in an increase in the normal component of the velocity but the component along the surface is unchanged.This means =



5.



sin i  = =  > 1,  > c. c sin r The prediction is opposite to the experimental results ( < c) .The wave picture of light is consistent with the experiment. c sin i =  sin r or
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6.



With the point object at the centre, draw a circle touching the mirror.This is a plane section of the spherical wavefront from the object that has just reached the mirror. Next draw the locations of this same wavefront after a time t in the presence of the mirror, and in the absence of the mirror.You will get two arcs symmetrrically located on either side of the mirror. Using simple geometry, the centre of the reflected wavefront (the image of the object) is seen to be at the same distance from the mirror as the object.



7.



(a) The speed of light in vacuum is a universal constant independent of all the factors listed and anything else.In particular, note the surprising fact that it is independent of the relative motion between the source and the onserver.This fact is a basic axiom of Einstein’s special theory of relativity. (b) Dependence of the speed of light in a medium : (i) does not depend on the nature of the source (wave speed is determined by the properties of the medium of propagation.This is also true for other waves , e.g., sound waves, water waves etc.). (ii) independent of the direction of propagation for isotropic media. (iii) independent of the motion of the source relative to the medium but depends on the motion of the observer relative to the medium. (iv) depends on wavelength. (v) independent of intensity .[For high intensity beams, however, the situation is more complicated and need not concern us here.]



8.



Sound waves require a medium for propagation.Thus even though the situations (i) and (ii) may correspond to the same relative motion (between the source and the observer), the are not identical physically since the motion of the observer relative to the medium is different in the two situations.Therefore, we cannot expect Doppler formulas for sound to be identical for (i) and (ii). For light waves in vacuum, there is clearly nothing to distinguish between (i) and (ii). Here only the relative motion between the source and the observer counts and the relativistic Doppler formula is the same for (i) and (ii). For light propagation in a medium, once again like for sound waves,the two situations are not indentical and we should expect the Doppler formulas for this case to be different for the two situations (i) and (ii).



9.



(a) Interference of the direct signal received by the anjtenna with the (weak) signal reflected by the passing aircraft. (e) Superposition principle follows from the linear character of the (differential) equaltion governing wave motion. If y1 and y2 are solutions of the wave equation, so is any linear combination of y1 and y2. When the amplitudes are large (e.g. high intensity laser beams) and non-linear effects are important, the situation is far more complicated and need not concern us here.



10.



Divide the single slit into n smaller slits of width a’ = a/n. The angle q = n/a = /a’. Each of the smaller slits sends zero intensity in the direction . The combination gives zero intensity as well.
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