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Description


A FILL IN THE BLANKS 1. A light wave of frequency 51014 Hz enters a medium of refractive index 1.5. In the medium the velocity of the light wave is ……and its wavelength is…… 2. A convex lens A of focal length 20 cm and a concave lens B of focal length 5cm are kept along the same axis with a distance d between them. If a parallel beam of light failing on A leaves B are parallel beam, then d is equal to…..cm. 3. A monochromatic beam of light of wavelength 6000 in vacuum enters a medium of refractive index 1.5. In the medium its wavelength is….., its frequency is….. 4. In young’s doublesilt experiment, the two silts act as coherent sources of equal amplitude A and of wavelength . In another experiment with the same setup the two silts are sources of equal amplitude A and wavelength , but are



5. 6. 7.



incoherent. The ratio of the intensity of light at the midpoint of the screen in the first case to that in the second case is…. A thin lens of refractive index 1.5 has a focal length of 15 cm in air. When the lens is placed in a medium of refractive index 4/3, its focal length will become….cm. A point source emits sound equally in all directions in a nonabsorbing medium. Two points P and Q are at a distance 9 m and 25 m respectively from the source. The ratio of amplitudes of the waves at P and Q is…. A slab of material of refractive index 2 shown in figure has a curved A C surface APB of radius of curvature 10 cm and a plane surface CD. On n2 = 2 n3 = 4/3 the left of APB is air and on the right of CD is water with refractive O indicates as given in the figure. An object O is placed at a distance of 15 E P 15 cm cm from the pole P as shown. The distance of the final image of O from P, as viewed from the left is….



B



D 20 cm



8.



A thin rod length f/3 is placed along the optic axis of a concave mirror of focal length f such that its image which is real and elongated, just touches the rod. The magnification is…..



9.



A ray of light undergoes deviation of 30° when incident on an equilateral prism of refractive index



10. 11.



12.



13. 14. 15.



2 . The angle



made by the ray inside the prism with the base of the prism is….. The resolving power of electron microscope is higher that of an optical microscope because the wavelength of electron is…. than the wavelength of visible light. If 0 and o are, respectively, the electric permittivity and magnetic permeability of free space, and  the corresponding quantities in a medium, the index of refraction of the medium in terms of the above parameters is………. A silt of width d is placed in front of a lens of focal length 0.5 m and is illuminated normally with light of wavelength 5.89107m. The first diffraction minima on either side of the central diffraction maximum are separated by 2103m. The width d of the silt is….m. A light of wavelength 6000 in air, enters a medium with refractive index 1.5. Inside the medium its frequency is….. HZ and its wavelength is….. Two thin lenses, when in contact, produce a combination of power +10 diopters. When they are 0.25 m apart, the power reduces to+6 diopters. The focal length of the lenses are….m and ….m. A ray of light is incident normally on one of the faces of a prism of apex angle 30° and refractive index angle of deviation of the ray is……degrees.



B True /false 1. The intensity of light at a distance r form the axis of a long cylindrical source is inversely proportional or r.



2 . The



2.



3. 4. 5. 6.



A convex lens of focal length 1 m and a concave lens of focal length 0.25 m are kept 0.75 m apart. A parallel beam of light first passes through the convex lens, then through the convex lens and comes to a focus 0.5 away from the convex lens. A beam of white light passing through a hollow prism give no spectrum. Two slits in a young’s double slit experiment are illuminated by two different sodium lamps emitting light of the same wavelength. No interference pattern will be observed on the screen. In a young’s double slit experiment performed with a source of while light, only black and white fringes are observed. A parallel beam of white light fall on a combination of a concave and a convex lens, both the same material. Their focal lengths are 15 cm and 30 cm respectively for the mean wavelength in white light. On the same side of the lens system, one sees coloured patterns with violet colour nearer to the lens.



C OBJECTIVE QUESTIONS Only one option is correct: 1. When a ray light enters a glass slab from air: (a) its wavelength decreases (b) its wavelength increases (c) its frequency increases (d) neither its wavelength nor its frequency changes 2. In young’s double slit experiment, the separation between the slits is halved and the distance between the slits and the screen is doubled. The fringe width is: (a) unchanged (b) halved (c) doubled (d) quadrupled 3. A glass prism of refractive index 1.5 is immersed in water (refractive index 4/3). A light beam B A incident normally the face AB is totally reflected to reach the face BC if:  (a) sin  > 8/9 (b) 2/3 < sin < 8/9 (c) sin n2). A ray of light is incident at the surface AB of the slab D A as shown. The maximum value of the angle of incidence max, such that that ray n2 n1 max comes out only form the other surface CD, is given by: B C 1 (a) sin 



32.



S



A



A given ray of light suffers minimum deviation in an equilateral prism P. Additional prism Q and R of identical shape and of the same material as P are now added as shown in the figure. The ray will suffer: (a) greater deviation (b) no deviation (c) same deviation as before (d) total internal reflection



P



Q



R



36.



An observer can see through a pinhole the top end of a thin rod of height h, placed as shown in the figure. The beaker height is 3h and its radius h. When the beaker is filled with a liquid up to height 2h, he can see the lower end of the rod. Then the refractive index of the liquid is: (a)



37.



5 2



3h



5 2



h



3 3 2h (c) (d) 2 2 Which one of the following spherical lenses does not exhibit dispersion? The radii of curvature of the surfaces of the lenses are as given in the diagrams:



(a) R1



38.



(b)



R2



(b) R1



R2



(c)



R1



R2



(d)



R2



R1



In the ideal doubleslit experiment, when a glassplate (refractive index 1.5) of thickness t is introduced in the path of one of the interesting beams (wavelength ), the intensity previously remains unchanged. The minimum thickness of the glassplate is: 2  (c) (d)  3 3 Two plane mirrors A and B are aligned parallel to each other, as shown in the figure. A light ray is incident at on angle 30° at a point just one end of A. The plane of incidence coincides with the plane of the figure. The maximum number of times the ray undergoes reflections (including the first one) before it emerges 0.2 m out is: (a) 28 (b) 30 (c) 32 (d) 34 In the adjacent diagram, CP represent a wave front and AO and BP, the O corresponding two rays. Find the condition on  for constructive interference at P between the ray BP and reflected ray OP:   C 3  (a) cos  (b) cos  2d 4d A  sec   cos   (c) (d) d (a) 2



39.



40.



(b)



m



30°



R d



P B



4 sec   cos   d 41.



42.



The size of the image of an object, which is at infinity, as formed by a convex lens of focal length 30 cm is 2 cm. If a concave lens of focal length 20 cm is placed between the convex lens and the image at a distance of 26 cm from the convex lens, calculate the new size of the image: (a) 1.25 cm (b) 2.5 cm (c) 1.05 cm (d) 2 cm A ray of light is incident at the glasswater interface at an angle i, it emerges finally Air



parallel to the surface of water, then the value of g would be: (a)



4 sin i 3



(b)



1 sin i



r Glass Water



w=4/3 r i



(c) 4/3



43.



44.



45.



46.



47.



(d) 1



White light is incident on the interface of glass and air as shown in the figure. If green light is just totally internally reflected then the emerging ray in air contains. (a) yellow, orange, red (b) violet, indigo, blue (c) all colours (d) all colours except green



    d



49.



50.



Glass White



A ray of light is incident on an equilateral glass prism placed on a horizontal table. For minimum deviation which of the following is true? Q R (a) PQ is horizontal (b) QR is horizontal S P (c) RS is horizontal (d) Either PQ or RS is horizontal A point object is placed at the centre of a glass sphere of radius 6 cm and refractive index 1.5. The distance of the virtual image from the surface of the sphere is: (a) 2 cm (b) 4 cm (c) 6 cm (d) 12 cm In a YDSE bichromatic light of wavelength 400 nm and 560 nm are used. The distance between the plane of the slits is 0.1 nm and the distance between the plane of the slits and the screen is 1 m. The minimum distance between two successive regions of complete darkness is: (a) 4 nm (b) 5.6 nm (c) 14 nm (d) 28 nm In a Young’s double slit experiment intensity at a point is (1/4) of the maximum intensity. Angular position of this point is: 1 (a) sin 



48.



Green



Air



    2d



1 (b) sin 



    3d



1 (c) sin 



    4d



1 (d) sin 



A container is filled with water (=1.33) upto a height of 33.25 cm. A concave mirror is placed 15 cm above the water level and the image of an object placed 15 cm at the bottom is formed 25 cm below the water level. The focal length of the mirror is: =1.33 (a) 10 cm (b) 15 cm 33.25 cm I (c) 20 cm (d) 25 cm



25 cm



O



A convex lens is in contact with concave lens. The magnitude of the ratio of their focal length is 2/3. Their equivalent focal length is 30 cm. What are their individual focal length is 30 cm. What are their individual focal lengths? (a) 75, 50 (b) 10, 15 (c) 75, 50 (d) 15, 10 A point object is placed at distance of 20 cm from a thin planoconvex lens of focal length 15 cm. The plane surface of the lens is now silvered. The image created with by the system is at: (a) 60 cm to the left of the system (b) 60 cm to the right of the system (c)12 cm to the left of the system



(d)12 cm to the right of the system



20 cm



51.



The graph between object distance u and image distance v for a lens is given below. The focal length of the lens is: (a) 50.1 (b) 50.05 (c) 0.50.1 (d) 0.50.05



52.



v +11 +10 +9 9



45° 10



11



u



A biconvex lens of focal length f forms a circular image of radius r of sun in focal plane. Then which option is correct? (a) r2 f (b) r2 f2



(c) If lower half part is covered is black sheet, then area of the image is equal to r2/2 (d) If is doubted, intensity will increase D OBJECTIVE QUESTIONS More than one options are correct: 1. In the Young’s double slit experiment, the interference pattern is found to have and intensity ratio between the bright and dark fringes as 9. This implies that: (a) the intensities at the screen due to the two slits are 5 units and 4 units respectively (b) the intensities at the screen due to the two slits are 4 units and 1 units respectively (c) the amplitude ratio is 3 (d) the amplitude ratio is 2 2. White light is used to illuminate two slits in a young’s double slit experiment. The separation between the slits is b and the screen is at a distance d (>>b) from the slits. At a point on the screen directly in front of one of the slits, certain wavelength are missing. Some of these missing wavelength are: (a) =b2/d (b) =2b2/d (c) =b2/3d (d) =2b2/3d 3. A converging lens is used to form an image on a screen. When the upper half of the lens is covered by an opaque screen: (a) half of the image will disappear (b) complete image will be formed (c) intensity of the image will increase (d) intensity of the image will decrease 4. A planet is observed by an astronomical refracting telescope having an objective of focal length 16 cm and an eye piece of focal length 2 cm: (a) the distance between the objective and the eye piece is 16.02 m (b) the angular magnification of the planet is800 (c) the image of the planet is inverted (d) the objective is larger than the eye piece 5. In an interference arrangement similar to Young’s double-slit experiment, the slits S 1 and S2 are illuminated with coherent microwave sources, each of frequency 10 6 Hz. The S1 sources are synchronized to have zero phase difference. The slits are separated by a d/2  distance d=150.0 m. The intensity I() is measured as a function of , where  is defined as shown. If I0 is the maximum intensity, then I(), where  is defined as shown. If I 0 is the maximum intensity, then I() for 0°90° is given by



d/2



S2



(a) I()=I0/2 for  =30° 6. 7.



(b) I()=I0/4 for  =90°



(c) I()=I0/2 for  =0° (d) I() is constant for all values of  Which of the following form(s) a virtual and erect image for all positions of the object? (a) Convex lens (b) Concave lens (c) Convex mirror (d) Concave mirror A ray of light traveling in a transparent medium falls on a surface separating the medium from air at an angle of incidence 45°. The ray undergoes total internal reflection. If n is the refractive index of the medium with respect to air, select the possible value(s) of n form the following: (a) 1.3 (b) 1.4 (c) 1.5 (d) 1.6



E SUBJECTIVE QUESTIONS 1. The convex surface of a thin concavo-convex less of glass of refractive index 1.5 has a radius of curative 20 cm. The convex surface has a radius of curvature 60 cm. The convex side is silvered and placed on a horizontal surface. (i) where should a pin be placed on the optic axis such that its image is formed at the same place? (ii) If the concave part is filled with water of refractive index 4/3, find the distance through which the pin should be moved, so that the image of the pin again coincides with the pin. 2. Screen S is illuminated by two point sources A and B. Another source C sends a parallel C beam of light towards point P on the screen (see figure). Line AP is normal to the screen and the lines AP, BP and CP are in one plane. The distance AP, BP and CP are in one 60° plane. The distances AP,BP and CP are 3 m, 1.5 m and 1.5 m respectively. The radiant P A 60° powers of sources A and B are 90 Watt and 180 respectively. The beam from C is of intensity 20 watt/m2. Calculate intensity at P on the screen. S



B



3.



4.



5.



6.



S



In Young’s double silt experiment using monochromatic light the fringe pattern shifts by a refractive index 1.6 and thickness 1,964 microns is introduced in the path of one of the interfering waves. The mica sheet is then removed and the screen is doubled. It is found that the distance between successive maxima(or minima) now is the same as the observed fringe shift upon the introduction of the mica sheet. Calculate the wavelength of the mica sheet. Calculate the wavelength of the monochromatic light used in the experiment. A plano-convex lens has a thickness of 4 cm. When placed on a horizontal table, with the curved surface in contact with it, the apparent depth of the bottom most point of the lens is found to be 3 cm. If the lens is inverted such that the plane face is found to be 25/8 cm. Find the focal length of the lens. Assume thickness to be negligible while finding its focal length. A beam of light consisting of two wavelength, 6500 and 5200 is used to obtain interference fringe in a Young’s double slit experiment. (i) Find the distance of the third bright fringe on the screen from the central maximum for wavelengths 6500 (ii) What is the least distance from the central maximum where the bright fringes due to both the wavelengths coincide? The distance between the slits is 2 mm and the distance between the plane of the slits and the screen is 120 cm. Monochromatic light is incident on a plane interface AB between two Medium I (n1) media of refractive indices n 1 and n2 (n2>n1) at an angle of incidence  D as shown in the figure. The angle  is infinitesimally greater than the critical angle for the two media so that total internal reflection takes place. Now if a transparent slab DEFG of uniform thickness and of refractive index n3 is introduced on the interface (as shown in the



A



Medium III (n3)



G







E



F Medium II (n2)



B



figure), show that for any value of n3 all light will ultimately be reflected back again into medium II. Consider separately the cases: (i) n3n1.



7.



A right prism is to be made by selecting a proper material and the angles A and B (BA), as shown in figure. It is desired that a ray of light incident on A B the face. AB emerges parallel to the incidents direction after two internal reflections. (i) What should be the minimum refractive index n for this to be possible? 5 C (ii) For n= is it possible to achieve this with the angle B equal to 30 3 degrees? 8. A parallel beam of light traveling in water (refractive index=4/3) is refracted by a spherical air bubble of radius 2 mm situated in water. Assuming the lights rays to be paraxial. (I) Find the position of the image due to refraction at the first surface and the position of the final image. (ii) Draw a ray diagram showing the positions of both the images. 9. In a modified Young’s double slit experiment, a monochromatic uniform and parallel beam of light of wavelength 6000 Å and intensity (10/) Wm2 is incident A normally on two apertures A and B of radii 0.001 m and 0.002 m respectively. A perfectly transparent film of thickness 2000Å and refractive index 1.5 for the F wavelength of 6000Å is placed in front of aperture A as shown in figure. B Calculate the power (in W) received at the focal spot F of the lens. The lens is symmetrically placed with respect to the apertures. Assume that 10% of the power received by each aperture goes in the original direction and is brought to the focal spot. 10. A narrow monochromatic beam of light of intensity I is incident on a glass plate as shown in figure. Another identical glass plate is kept close to the first one & parallel to it. Each glass plate reflects 25 % of the light incident on it & transmits the remaining. Find the ratio of the minimum & the maxin1um intensities in the interference pattern formed by the two beams obtained after one reflection at each I plate. 1 2 11. Two parallel beams of light P & Q (separation d) each containing radiations of A wavelengths 4000 Å & 5000 Å (which are mutually coherent in each wavelength  separately) are incident normally on a prism as shown in figure. The refractive index of P sin=0.8



d b the prism as a function of wavelength is given by the relation, ( )  1.20  2 , where  Q  C B is in Å & b is a positive constant. The value of b is such that the condition for total reflection at the face AC is just satisfied for one wavelength & is not satisfied for the other. (a) Find the value of b. (b) Find the deviation of the beams transmitted through the face of AC. (c) A convergent lens is used to bring these transmitted beams into focus. If the intensities of the upper & the lower beams immediately after transmission from the face AC, are 4I & I respectively, find the resultant intensity at the focus. 12. Light is incident at an angle  on one planar end of a transparent cylindrical rod of refractive index n. Determine the least value of n so that the light entering the rod does not emerge from the curved surface of the rod  irrespective of the value of .



17. In the figure shown S is a monochromatic point source emitting light of wavelength = A 500 nm. A thin lens of circular shape and focal length 0.10 m is cut into two identical I1 halves LI and L2 by a plane passing through a diameter. The two halves are placed symmetrically about the central axis SO with a gap of 0.5 mm. The distance along the S 0.5 mm O axis from S to L1 and L2 is 0.15 m, while that from L1 & L2 to 0 is 1.30 m. The screen at O is normal to SO. I2 (i) If he third intensity maximum occurs at the point A on the screen, find the distance OA. 0.15 m 1.30 m (ii) If the gap between L 1 & L2 is reduced from its original value of 0.5 mm, will the distance OA increase, decrease or remain the same? 14. An image Y is formed of point object X by a lens whose optic axis is AB as shown in the X figure. Draw a ray diagram to locate the lens and its focus. If the image Y of the object X is formed by a concave mirror (having the same optic axis as AB) instead of lens, draw



B



A



another ray diagram to locate the mirror and its focus. Write down the steps of



Y



construction of the ray diagrams. 15. A ray of light travelling in air is incident at grazing angle (incident angle = 90°) Y on a long rectangular slab of a transparent medium of thickness t = 1 m as shown Air P(x,y) in the figure. The point of incidence is the origin A (0,0). The medium has a variable index of refraction n(y) given by n(y) = [ky 3/2+1]1/2 where k = 1 (meter)3/2. The refractive index of air is 1. t=1m B(x,y) (a) Obtain a relation between the slope of the trajectory of the ray at a Medium point B (x,y) in the medium and the incident angle at that point.  X A(0,0) (b) Obtain an equation for the trajectory y(x) of the ray in the medium. Air (c) Determine the coordinates (x1, y1) of the point P, where the ray A (0,0) intersects the upper surface of the slab-air boundary. (d) Indicate the path of the ray subsequently. 16. Angular width of central maximum in the Fraunhofer diffraction pattern on a slit is measured. The slit is illuminated by light of wavelength 6000 Å. When the slit is illuminated by light of another wavelength, the angular width decreases by 30%. Calculate the wavelength of this light. The same decrease in the angular width of central maximum is obtained when the original apparatus is immersed in a liquid. Find refractive index of the liquid. 17. A right angle prism (45°90°45°) of refractive index n has a plane of refractive A index n1 (n1 < n) cemented to its diagonal face. The assembly is in air. The ray is incident on AB as shown in the figure. (i) Calculate the angle of incidence at AB for which the ray strikes the diagonal face n1 n at the critical angle. (ii) Assuming n = 1.352, calculate the angle of incidence at AB for which the refracted ray passes through the diagonal face undeviated. B



18.



19.



C



A double-slit apparatus is immersed in a liquid of refractive index 1.33. It has slit separation of from & distance between the plane of the slits & screen is 1.33 m. The slits are illuminated by a parallel beam of light whose wavelength in air is 6300 Å. (a) Calculate the fringe width. (b) One of the slits of the apparatus is covered by a thin glass sheet of refractive index 1.53. Find the smallest thickness of the sheet to bring the adjacent minima on the axis. A thin plano-convex lens of focal length f is split into two halves. One of the halves is O



1.8 m



20.



21.



22.



23.



shifted along the optical axis as shown in the figure. The separation between object and image planes is 1.8 m. The magnification of the image, formed by one of the half lens, is 2. Find the focal length of the lens and separation between the two halves. Draw the ray diagram for image formation. In Young's experiment, the source is red light of wavelength 7x10 7 m. When a thin glass plate of refractive index 1.5 at this wavelength is put in the path of one of the interfering beams, the central bright fringe shifts by 10 3 m to the position previously occupied by the 5th bright fringe. Find the thickness of the plate. When the source is now changed to green light of wavelength 5x10 7 m, the central fringe shifts to a position initially occupied by the 6 th bright fringe due to red light. Find the refractive index of glass for the green light. Also estimate the change in fringe width due to the change in wavelength. A thin equiconvex lens of glass of refractive index µ = 3/2 and of focal length 0.8 m 0.9 m 0.3 m in air is sealed into an opening at one end of a tank filled with water (µ = 4/3). On the opposite side of the lens, a mirror is placed inside the tank. The tank wall is perpendicular to the lens axis as shown in the figure. The separation between the lens and the mirror is 0.8 m. A small object is placed outside the tank is front of the lens at a distance of 0.9 m from the lens along its axis. Find the position (relative to the lens) of the image of the object formed by the system. In a Young's experiment, the upper slit is covered by a thin glass plate of refractive index 1.4 while the lower slit is covered by another glass plate having the same thickness as the first one but having refractive index 1.7. Interference pattern is observed using light of wavelength 5400 Å. It is found that the point P on the screen where the central maximum (n = 0) fell before the glass plates were inserted now has 3/4 the original intensity. It is further observed that what used to be the 5th maximum earlier, lies below the point P while the 6th minimum lies above P. Calculate the thickness of the glass plate. (Absorption of light by glass plate may be neglected) A prism of refractive index n 1 and another prism of refractive index n 2 are stuck D together with a gap as shown in the figure. The angles of the prism are as C 70° shown. n1 and n2 depend on , the wavelength of light according to :



10.8x10 4 1.80 x10 4 n1 = 1.2 + and n where  is the nm. 2 = 1.45 + l2 l2 (a) Calculate the wavelength o for which rays incident at any angle on the 60° interface BC pass through without bending at that interface. A (b) For light of wavelength o, find the angle of incidence i on the face AC such that the deviation produced by the combination of prisms is minimum. 24. A coherent parallel beam of microwaves of wavelength  = 0.5 mm falls on a Young's double slit apparatus. The separation between the slits is 1.0 mm. The intensity of microwaves is measured on F screen placed parallel to the plane of the slits at a distance of 1.0 m from it, as shown in the figure. (a) If the incident beam falls normally on the double slit apparatus, find the ycoordinates of all the interference minima on the screen.



n2 20°



n1



40°



B



y 30° 1 mm B



x



1m



(b) If the incident beam makes an angle of 30° with the xaxis (as in the dotted arrow shown in the figure), find the y-coordinates of the first minima on either side of the central maximum. 25. The Young's double slit experiment is done in a medium of refractive y index 4/3. A light of 600 nm wavelength is falling on the slits having S1 0.45 mm separation. The lower slit S 2 is covered by a thin glass sheet of O S thickness 10.4 m and refractive index 1.5. The interference pattern is S2 observed on a screen placed 1.5 m from the slits as shown.



(a) Find the location of the central maximum (bright fringe with zero path difference) on the y-axis. (b) Find the light intensity at point O relative to the maximum fringe intensity. (c) Now, if 600 nm light is replaced by white light of range 400 to 700 nm, find the wavelengths of the light that form maxima exactly at point O. [All wavelengths in this problem are for the given medium of refractive index 4/3. Ignore dispersion] 26.



The x-y plane is the boundary between two transparent media. Medium-1 with z>0 has refractive index



2 and



medium 2 with z 
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