CBSE CLASS XII PHYSICS
Electromagnetic Waves&Wave Optics
One mark questions with answers
Q1. What happens when the slit is made sufficiently wide in diffraction phenomenon?
Ans1. If the slit is made sufficiently wide then the secondary maxima will not be visible and only central maxima is obtained. The central maxima corresponds to sharp image of the slit.
Q2. What happens when the width of the slit in Fraunhoffer's diffraction phenomenon becomes quite small?
Ans2. If the slit is made quite small then the image at the focus of the lengths will go far beyond the limits of geometrical region.
Q3. Are the secondary maxima in Fraunhoffer's diffraction at a single slit of same intensity?
Ans3. No, the secondary maxima are of decreasing intensity.
Q4. Write the difference between interference and diffraction with regard to the intensity at minima.
Ans4. Intensity at interference minima may or may not be zero but it is always zero at diffraction minima.
Q5. Which of the field vectors is responsible for the optical effects of light?
Ans5. The vibrations of electric field vectors are responsible for the optical effects of light waves.
Q6. What is the main difference between the process of radio and light waves generation?
Ans6. Radio waves are produced due to regularly repeated accelerated motion of free electrons in antenna at the transmission station but light waves are produced by the quantum transition of atoms or molecules of the light source.
Q7. Why are satellites used for long distance transmission of frequency modulated waves?
Ans7. Frequency modulated waves are high frequency waves and they are not reflected by ionosphere. They can be transmitted only by the reflection from geostationary artificial satellites.
Q8. How will Gauss's law in magnetostatics be modified if monopoles do exist?
Ans8. 


Two mark questions with answers
Q1. Two straight and parallel narrow slits 2 mm apart are illuminated by monochromatic light. Fringes formed on the screen at a distance of 120 cm from the slits are 0.7 mm apart. What is the wavelength of light?
Ans1. The separation between coherent sources, d = 2 x 10-3 m
/d = 0.7 mm = 7 x 10-4 m.
Distance between the coherent sources and the screen, D = 120 cm = 1.2 m
So,  = 7 x 10-4 x d/D = 7 x 10-4 x 2 x 10-3/1.2
 = 1.166 x 10-6 m.
Q2. A transparent plate of thickness 10-3 cm is placed in the path of one of the interfering beams in Young's double slit experiment using light of wavelength 5500 Å. If the central fringe shifts by a distance equal to the width of 20 fringes, calculate the refractive index of the material of the plate.
Ans2. Shift (X) in the fringes is given by the expression
Let 'd' be the distance between coherent sources and 'D' be the distance between the coherent sources and the screen
X = (D/d)( - 1)t, where '' is the refractive index of the plate material and 't' is the plate thickness.
As the central fringe shifts to the 20th fringe
So, X = 20 x D/d
Hence, 20 D/d = (D/d)( - 1)t
or 20  = ( - 1)t
20 x 5500 x 10-10 = ( - 1) x 10-5 (given t = 10-3 cm = 10-5 m,  = 5500Å),
Solving this, we get
 = 2.1
Q3. Two coherent sources are 0.18 mm apart and the fringes are observed on a screen 80 cm away. It is found that with a certain monochromatic source of light the fourth bright fringe is situated at a distance of 10.8 mm from the central fringe. Calculate the wavelength of light.
Ans3. x = 10.8 mm = 10.8 x 10-3 m
Distance between the coherent sources, d = 0.18 mm = 1.8 x 10-4 m
Distance between the coherent sources and the screen, D = 80 cm = 0.80 m
Using the condition of bright fringes,
xd/D = n, where n = 4
 = xd/nD = 10.8 x 10-3 x 1.8 x 10-4/4 x 0.8 (Using S.I system)
 = 6075 Å.
Q4. If size of the slit in Fraunhoffer's diffraction is made less than the size of aperture, will there be a diffraction pattern and if yes, comment on it.
Ans4. When the size of the obstacle or the aperture is made smaller than the wavelength of the light used then diffraction minima will not exist and a uniform illumination will be obtained on the screen. Mathematically, Sin = /d is a condition for first secondary minima. When '' is greater than 'd', means Sin greater than 1 which is not possible i.e., no secondary minima means no diffraction.
Q5. Two identical wave trains of wavelength 6000Å in vacuum travel identical paths in reaching a point, except that one has travelled through 25 cm of vacuum while the other was travelling through 25 cm of air of refractive index 1.0003. What is the phase difference between the two wave trains in radians?
Ans5. The path difference between the two waves at a given final point is
x = optical path travelled in air - optical path travelled in vacuum
x = o x t - a x t
= 1.0003 x 25 - 1 x 25
x = 0.0003 x 25cm
Phase-difference = (2/) x path-difference
Phase-difference = (2/6000 x 10-8 cm) x 0.0003 x 25 cm = 250 radians.
Q6. In a thin film, between two points A and B, 4 fringes are observed with light of wavelength 5000 Å. How many fringes will be observed between the same two points A and B if the wavelength of light used is increased to 8000 Å?
Ans6. Ist case : (Considering bright fringes)
Between the two given points, path difference for the waves would be the same.
So, n11 = n22.
4 x 5000 x 10-10 = n2 x 8000 x 10-10.
n2 = 2.5
IInd case : (Considering dark fringes)
(2n1 + 1)/2 = (2n2 + 1)/2
(2 x 4 + 1) x 5000/2 x 10-10 = (2 x n2 + 1) x 8000/2 x 10-10.
n2 = 2.31
Q7. What should be the smallest thickness of a transparent plate for which only the violet component of white light incident normally in the plate suffers destructive interference. Refractive index of the material of the film is 1.6 and for violet component wavelength is 4500Å.
Ans7. Condition for the destructive interference in case of thin films.
2 t cos.r = n_ _ _ _(i), where '' is the refractive index of the material of the thin film, 't' is the thickness of the film and 'r' is the angle of refraction in the film.
For smallest thickness n = 1
(Given : = 1.6, r = 0, = 4500 x 10-10 m)
So from (i), we get
2 x 1.6 x t x 1 = 1 x 4500 x 10-10.
t = 1.406 x 10-7 m.


Three mark questions with answers
Q1. If thin oil film is illuminated by monochromatic beam of light of wavelength 6000 Å at an angle of 60o, find the minimum thickness of the film if it appears (i) dark and (ii) bright in reflected light. Repeat the question for transmitted light.
Ans1.  = 6000 Å, i = 60o,  = 1
For reflected system :
(i) Condition for dark fringe :
2 t cos r = n, where '' is the refractive index of the material of the film, 't' is the thickness of the film and 'r' is the angle of refraction in the film
For finding angle of refraction
 = Sin i /Sin r
or 1 = Sin 60o/Sin r
or sin r = sin 60o = 3/2
So, cos r = (1-sin2r) = (1-3/4) = (1/4) = 1/2
Hence, 2 t cos r = n.
For minimum thickness n = 1
2 x 1 x t x (1/2) = 1 x 6000 x 10-10.
t = 6000 Å
(ii) Condition for bright fringes :
2 t cos r = (2n + 1)/2
For minimum thickness
2 x 1 x t x (1/2) = (2 x 0 + 1) x (6000/2) x 10-10.
t = 3000 Å
For transmitted light the conditions of dark and bright fringes are reversed and hence the thickness is also reversed i.e.,
t = 3000 Å is the answer for dark fringe and t = 6000 Å is for the bright fringe.
Q2. If thin air film is illuminated by a white light at an angle of 30o, find which orders would be present in the reflected light in visible region, thickness of air film is 6 x 10-3 m.
Ans2. Angle of incidence = i = 30o.
Thickness, t = 6 x 10-3 m
Considering the condition in the reflected light
2 t cos r = (2n + 1)/2._ _ _ _ (i)
For finding angle of refraction
 = sin i/sin r
or 1 = sin 30o/sin r
or sin r = 1/2.
Hence, cos r = (1-sin2r) = (1-1/4) = (3/4) = 3/2
From (i)
n = 0; 2 x 1 x 6 x 10 x 3/2 = (2 x0 + 1) x /2 = 20780 Å [Invisible]
If n = 1,  = 6356 Å [Visible region]
For n = 2, = 4156 Å [Invisible]
For n = 3 [Invisible]
Hence, invisible region only, second order and third order will be present.
Q3. If on normal introduction of a thin transparent mica sheet of thickness in one of the interfering beams, the central fringe is found to shift to the position of 55th fringe, and for another plate to the position of 50th dark fringe, find the thickness of mica sheet if  = 1.5 and wavelength of light incident is 5000 Å.
Ans3. Let 'D' be the distance between the sources and the screen, 'd' be the distance between the sources, 't' be the thickness of the mica sheet, then in first case the shift in the central fringe is given by x = 0.55 D/d [Total width of 55 bright fringes] and shift is also given by (D/d)( - 1)t
So, 55 D/d = (D/d)( - 1)t
or 55  = ( - 1)t
55 x 5000 x 10-10 = (1.5 - 1)t = (1/2)t
t = 605000 x 10-10 m = 6.05 x 10-5 m
and in the second case when the central fringe shifts to the position of 50th dark fringe, the shift is equal to the width of 49.5 fringes i.e.,,
Shift = 49.5 D/d = (D/d)( - 1)t
or (99/2)  = ( - 1)t
or t = 4.95 x 10-5 m.
Q4. A parallel beam of light containing only the wavelengths 5 x 10-7 m and 6.0 x 10-7 m falls normally on a pair of slits 0.3 mm apart. At what distance from the central bright fringe on a screen 400 cm from the slits does a maximum of one wavelength first coincide with a maximum of the other.
Ans4. Let 'D' be the distance between the sources and the screen, 'd' be the distance between the sources.
The condition for maxima
xd/D = n11 _ _ _ _ (i)
xd/D = n22 _ _ _ _ (ii)
So, n11 = n22
or n1 x 5 x 10-7 = n2 x 6 x 10-7
or n1 x 5 = n2 x 6
n1/n2 = 6/5. It means 6th bright fringe will coincide with 5th bright fringe hence from equation (i)
xd/D = n11
Putting the values of d,D,n1,
x = n11 x D/d = 6 x 5 x 10-7 x 4/3 x 10-4 = 40 x 10-3 m
x = 4.0 cm
or from equation (ii)
x = 4.0 cm.
Q5. What is the effect on the interference fringes in a Young's double-slit experiment due to each of the following operations.
(a) The source slit is moved closer to the double slit plane.
(b) The width of the source slit is increased.
(c) The width of the two slits are increased.
(d) The monochromatic source is replaced by a source of white light?
(In each operation, take all parameters other than the one specified, to remain unchanged)
Ans5. (a) If 's' is the size of the source and 'S' the distance of source from the coherent sources then for obtaining a well defined interference pattern s/S should be less than /d. As in the given problem 'S' is decreased, the ratio s/S = /d then the fringe disappears. Before this (above condition s/S = /d) the fringe separation remains unaffected.
(b) Due to increase in the slit width the interference pattern becomes more overlapping and a stage comes when all the fringes disappear.
(c) For a good interference pattern, /P should be much greater than /d, where 'P' stands for the width of each of the two slits. So, when P is increased, /P decreases and ultimately the fringes disappear. However, brightness of the fringes is increased till fringes are present.
(d) Central fringes is white in colour. Fringes on both the sides of the central fringe are coloured, the overlapping increases with the distance from the central fringe and then there is general illumination.
Q6. Interference fringes were produced by the Young's double slit method, the wavelength of the light being 6 x 10-7 m. When a film of material 3.6 x 10-3 cm thick was placed over one of the slits, the fringe pattern was displaced by a distance equal to 30 times that between the two adjacent fringes. Calculate the refractive index of the material. To which side are the fringes displaced?
Ans6.  = 6 x 10-7 m, t = 3.6 x 10-3 cm = 3.6 x 10-5 m
Displacement of fringes = (D/d)( - 1)t = 30 x D/d
or 30 x D/d = (D/d)( - 1)t
or 30 = ( - 1)t
30 x 6 x 10-7 = ( - 1) x 3.6 x 10-5.
( - 1) = 30 x 6 x 10-7/3.6 x 10-5,
 = 1.5
The fringes are displaced to that side of central fringes to which side the plate is introduced.
Q7. Two equally intense waves of wavelength 5000Å reach a point with a path-difference of 500Å. Find the phase difference and ratio of the resultant intensity to that of superimposed wave.
Ans7.  = 5000Å = 5 x 10-7 m
Path-difference, x = 500Å = 5 x 10-8 m.
Phase difference = (2/) x path-difference = (2/5) x 10-7 m x 5 x 10-8 m
Phase-difference,  = /5 radians
Resultant intensity, IR = I + I + 2(I.I) cos.
= 2I + 2I cos(/5)
IR = 2I + 2I x 0.809
IR = 2I + 1.618I = 3.618 I
Ratio of the resultant intensity to the superimposing wave = 3.618. I/I = 3.618.



Five mark questions with answers
Q1. The range of visible part of electromagnetic spectrum is considered to be having wavelength from 4000 Å to 8000 Å. If the thickness of an oil film is 200 microns, then find the wavelengths in the visible region for which the reflection along the normal direction will be (a) strong, (b) weak. Given, refractive index of oil,  = 1.40. Write the region for the wavelengths which are not in the visible part of the spectrum.
Ans1. Given that  = 1.4, t = 200 microns = 2 x 10-6 cm
Path difference = 2t = 2 x 1.4 x 2 x 10-6 m
= 2 x 1.4 x 2 x 10-6 x 1010 Å
= 5.6 x 104 Å
(a) For strong reflection (for maxima) :
2t = (2n + 1)/2, where n = 0,1,2,3,4,.....
or  = 5.6 x 104 x 2/(2n + 1)Å = 11.2 x 104/(2n + 1)Å
For n = 0,  = 11.2 x 104 Å (not in the visible region)
For n = 1,  = 3.73 x 104 Å (not in the visible region)
For n = 2,  = 2.24 x 104 Å (not in the visible region)
For n = 3,  = 1.6 x 104 Å = 16000 Å (not in the visible region)
For n = 4,  = 1.24 x 104 Å = 12440 Å (not in the visible region)
For n = 5,  = 1.018 x 104 Å = 10180 Å (not in the visible region)
For n = 6,  = 8615 Å (not in the visible region)
So, for n =0 to n= 6 the wavelengths lie in the infra-red region.
For n = 7,  = 7466 Å (this is in the visible region)
For n = 8,  = 6588 Å (this is in the visible region)
(b) For weak reflection (for minima) :
2t = n (For dark fringes)
or n = 5.6 x 104 or  = 56000/n Å
Putting n = 1, 2, 3 we get the values of wavelengths. From these values
it is evident that wavelengths corresponding to values of n = 1 to n = 6 do not lie in the visible region and will be in the infra-red region.
For n = 7,  = 8000 Å (in the visible region)
For n = 8,  = 7000 Å (in the visible region)
For n = 9,  = 6222 Å (in the visible region)
For n = 10,  = 5600 Å (in the visible region)
For n = 11,  = 5090 Å (in the visible region)
For n = 12,  = 4666 Å (in the visible region)
For n = 13,  = 4307 Å (in the visible region)
For n = 14,  = 4000 Å (in the visible region)
For n = 15,16,17,the wavelengths will be in the ultra-violet region.
Q2. Verify the laws of reflection using Huygen's wave theory.
Ans2. Let us consider that AB is a section of a plane wavefront (W.F.) perpendicular to the plane of paper and let it advance towards a plane reflecting surface M1 M2 which is also perpendicular to the plane of paper. This surface separates two homogeneous media. Let the medium above M1 M2 be air and that below be glass.
The direction of propagation of wave front is shown by arrows. Let first of all the point A be struck by the wave front. The other particles get disturbed and emit secondary spherical wavelets. The radius of these wavelets goes on increasing with time. As the W.F. AB sweeps along the surface M1 M2, the other particles are also disturbed situated there and so spherical wavelets are emitted from all points of M1 M2.
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Let point B reach A' after a time 't'. In the same time, spherical wavelets from A cover a distance of ct (c is the velocity of light). So, taking A as centre and radius equal to ct, a sphere is drawn and plane A'B' from A' is a tangent to the sphere. The radius of all the spherical wavelets from points between A and A' is less than this value ct. If this plane A'B' touches all the wavelets starting from points between A and A' then it is a reflected W.F.
Consider right angled triangles ABA' and AB'A'
AB' = BA' = ct
AA' is common and so the triangles are congruent (R.H.S. axiom).
Hence, 1=2
This result does not depend on the width of incident W.F. and hence it must be true for any part of the wavefront AB.
Choose a point P on AB.
This point P strikes at O on M1 M2.
Let the radius of secondary wavelets from O be OP' and the plane from A' be A'P'. So, the above relation is true for this also i.e., 1=2
In fact, A'P' and A'B' are inclined at the same angle with M1 M2 and in the same direction. Hence, all these secondary wavelets from points between A and A' are touched by A'B', so A'B' is the reflected W.F.
Laws of reflection: Draw normal on the surface M1 M2 at point O. PO and P'O can be considered as the normal to the incident and reflected W.F. respectively.
 NOP =  i
 P'ON =  r
POA = 90 -  i
Also POA = 90 -  1
So,  i = 1
Similarly, P'OA' = 90 -2
r = 2
1 = 2
This is first law of reflection.
OP is normal to AB. AB is perpendicular to plane of paper, so OP is in the plane of paper. OP' is normal to A'B' which is perpendicular to plane of paper. Hence, OP' is in the plane of paper.
ON is normal to surface M1 M2 and it is perpendicular to plane of paper so ON is in the plane of paper.
So, incident ray, normal and reflected ray all are in the plane of paper.
This is second law of reflection.
Q3. Write Maxwell's equation in integral form and give importance of each. Briefly explain the Green house effect.
Ans. (Try yourself).
Q4. Explain Huygen's principle and use it to explain Fraunhoffer diffraction at a single slit.Specifically discuss the diffraction pattern when wavelength of the light used is (i) much greater, (ii) much less and (iii) comparable to the size of the slit.
Ans. (Try yourself).
Q5. What do you mean by unpolarised and linearly polarised light? How can you get linearly polarised light by using the phenomenon of reflection and refraction?
Ans. (Try yourself).
Q6. What do you mean by modulation and demodulation? Show the amplitude and frequency modulated wave with the help fo suitable diagram. Give merits of one over the other.
Ans. (Try yourself).
Q7. What do you mean by coherence? Is it necessary to have coherent sources for producing interference and diffraction pattern? Give one example of producing coherent sources.
Ans. (Try yourself).
