CBSE CLASS XII PHYSICS
Ray Optics
One mark questions with answers
Q1. What happens to the position of the image when the object approaches a convex mirror?
Ans1. The image formed behind the mirror shifts towards the pole.
Q2. 5 lumen/W is the luminous efficiency of a lamp and its luminous intensity is 35 candela. Find the power of the lamp. 
Ans2. Luminous flux = 4I
= 4 x 35 = 4 x (22/7) x 35 = 440 lumen
Luminous efficiency = Luminous flux/Radiant flux(power)
Power = 440/5 = 88 watts.
Q3. What kind of a spectrum will a highly compressed hydrogen gas give?
Ans3. Highly compressed hydrogen gas will give band emission spectrum.
Q4. What is the number of images of an object formed by two mirrors if the angle between the mirrors is in between 2/4 and 2/5?
Ans4. In general, if angle between two mirrors is between 2/n and 2/(n + 1) then the number of images obtained is 'n' so in the given case number of images is 4.
Q5. What is the importance of diffused reflection?
Ans5. Most of the objects become visible. In absence of diffused reflection, an object would appear either extremely bright or quite dark.
Q6. If two mirrors are nearly parallel or perfectly parallel, then how many images will be formed?
Ans6. According to, number of images = 360/, the number of images should be infinite but at each reflection there is loss of energy hence number of images will be limited.
Q7. Under what condition plane mirror and a convex mirror can produce real image?
Ans7. If the given object is virtual i.e. the rays incident on the mirror are convergent, these rays after reflection from the mirror must come to focus at a point in front of the mirror.
Q8. What happens to the focal length of convex mirror and convex lens when they are immersed in water?
Ans8. Focal length of the mirror does not change but that of convex lens increases. This is according to the formulae
1/fa = (g - 1)(1/R1 - 1/R2) and 1/fw = (g/w - 1)(1/R1 - 1/R2).
Q9. Draw a ray diagram to show the splitting and recombination of a ray of white light.
Ans9.



Two mark questions with answers
Q1. Show that parabolic mirror reflects a wide beam of parallel light.
Ans1.
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A light source is kept at the focus of the parabolic mirror. The reflected rays from every part of the mirror are parallel hence a wide beam is obtained.
Q2. What do you mean by looming?
Ans2. In cold countries a distant ship cannot be seen clearly due to mist and fog. The air in contact with the earth is cooler and denser. But above the earth the air is warmer. Due to the process of total internal reflection of the rays coming from the ship or object the image of the object is seen hanging in the air. This phenomenon is called looming.
Q3. A ray of light falls normally on the face of a prism of refractive index 1.5. Find a relation between angle of prism and critical angle if there is no emergent ray.
Ans3. 
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At first face i = 0, r = 0
At second face r = C and the angle of emergence = 90º.
From the figure A +  = C +  = 90º
 = 1/sinC,  = 1.5
So C = 42º (approx.)
Hence A = C = 42º (approx.)
Q4. Write the difference between the spectra of sunlight coming through yellow glass and the other one coming from sodium vapour lamp.
Ans4. The original spectrum of the sun is continuous emission. The yellow glass absorbs light from the sun only in the yellow region and so a continuous absorption spectrum is obtained.
But when the sunlight passes through sodium vapours, only two wavelengths 5690 and 5698 angstrom are absorbed. Hence a line absorption spectrum is obtained.
Q5. Diameter of the objective of telescope A is 5m and that of the other is 6m. What is the ratio of the light gathered by A to that of B? Also compare the magnifications of the two telescopes provided the eye lenses have same focal lengths.
Ans5. Light gathering power is directly proportional to the square of the diameter of the objective. Hence ratio of light gathering power = 52/62 = 25/36
Magnification of the telescope does not depend on the diameter of its objective hence magnification will be same or different depending upon the focal length of the objective.
Q6. In a compound microscope the final image is obtained at a distance of distinct vision. If focal length of the objective is 6cm and that of eye-lens is 4cm and length of the tube is 30cm, find the magnification of the instrument.
Ans6. M = DL/f0fe.
(25 x 30)/(4 x 6) = 125/4
Q7. Show with the help of a diagram that the maximum lateral shift cannot be greater than the thickness (t) of the slab.
Ans7. Lateral shift = [t.sin(i - r)]/cosr
for i = 90º
r =  C (critical angle)
Lateral shift = [t.sin(90 - C)]/cosC
= t.(cosC/cosC) = t
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Three mark questions with answers
Q1. The sun subtends an angle of half minute at any point on the earth. Find the position and diameter of the image of the sun formed by a concave mirror of focal length 4 m.
Ans1. Here, u is very large ~ .
f = 4 m.
Using mirror formula,
1/u + 1/v = 1/f
1/ + 1/v = 1/4
or v = 4 m
Since, focal length = 4 m.
Therefore, the image of the sun will be at the focus of the concave mirror.
Diameter of the image of the sun is AB
From figure
[image: image4.png]



AB = 2AF = 2 x CF tan15o
= 2 x 400 x 0.0044 = 3.52 cm.
Q2. A building 80 m high at a distance of 6 km is seen through a telescope having objective of focal length 120 cm and the eye-piece of focal length 5 cm. What is the size of the final image if it is at a distance 25 cm from the eye?
Ans2. For objective lens,
(1/v) -{1/(6 x 105)} = 1/120 i.e., v = 120 cm = fo.
So, mo = v/u = 120/(-6 x 105) = 2 x 10-4
As final image is at least distance of distinct vision so for eye lens we have,
(1/-25) - (1/ue) = (1/5) i.e., ue = -(25/6)
So, me = ve/ue = -25/(-25/6) = +6
Hence, m = mo x me = -2 x 10-4 x 6 = -1.2 x 10-3
Size of the image, I = m x O = -1.2 x 10-3 x (80 x 102) = -9.6 
Negative sign implies that the image is inverted.
Q3. The curved surface of a plano convex lens is silvered. Let '' be the refractive index and 'R' the radius of curvature of the curved surface, then the system behaves like a concave mirror. Find its radius.
Ans3.
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In this case, the rays of light starting from an object first
(i) suffer refraction at plane surface and then
(ii) suffer reflection at concave mirror (polished concave surface) and finally
(iii) retrace out after refraction at plane surface
Let 'F' be the effective focal length of the system and 'fl' and 'fm' be the focal length of the lens and mirror respectively, then
1/F = 1/fl + 1/fm + 1/fl = 2/fl + 1/fm.
Also, 1/fl = ( - 1)(1/R)
and 1/fm = 1/(R/2)
, 1/F = 2( - 1)/R + {1/(R/2)}
1/F = 2( - 1)/R + (2/R) = 2/R
F = R/2.
Radius of the equivalent concave mirror, R = 2F = R/.
Q4. A glass sphere of 20 cm radius has a small bubble 8 cm from the centre. The bubble is seen along a diameter of the sphere from the side on which it lies. How far from the surface will it appear to be, if refractive index of glass is 1.5?
Ans4. Here, u = - 12 cm, R = -20 cm. v = ?
1 = 1.5, 2 = 1 refer to figure.(2 is used for image space and 1 is used for object space)
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where 'C' is the centre of curvature, 'O' is the position of object and 'I' is the position of image
The expression for refraction from denser to rarer medium is given below:
2/v - 1/u = (2-1)/R
(1/v) - (1.5/-12) = (1 - 1.5)/-20
On solving it we get v = -10cm
Q5. A sphere of glass ( = 1.5) is of 40 cm diameter. A parallel beam enters into it from one side. Where will it get focussed on the other side?
Ans5. Here, two refractions occur.
The first refraction is from rarer to denser medium, for which u = , v1 = ?
[image: image7.png]



R1 = +20 cm, 2 = 1.5, 1 = 1.
Let I1 be the position of the image obtained due to first refraction.
(2 - 1)/R = 2/v - 1/u
(1.5-1)/20 = (1.5/v) - (1/)
v = 60 cm = P1I1
The second refraction is from denser to rarer medium, for which u = P2I1(the object is virtual in this case) = (60 - 40) = 20 cm
Let v = P2I = ?, R2 = -20 cm
(2 - 1)/R = 2/v - 1/u
(1 - 1.5)/-20 = (1/v) - (1.5/-20)
v = 200/35 cm = 40/7 cm
Q6. A telescope has an objective of focal length 40 cm and an eyepiece of focal length 2.0 cm. It is focussed on a scale distant 1.0 metre. For seeing with relaxed eye, calculate the separation between the objective and the eyepiece.
Ans6. When the final image is at infinity, then the eyes are relaxed. This is possible when the objective of the telescope forms the image of the object at the focus of the eyepiece.
Let vo be the distance of the image formed by the objective. Now,
(1/vo) - (1/uo) = 1/fo
 (1/vo) - (1/-100) = 1/40
Solving it, vo = 200/3 cm.
So, the distance between the objective and the eyepiece,
vo + fe = (200/3) + 2.0
= 206/3 cm.
Q7. An astronomical telescope having an objective of focal length 50 cm and an eyepiece of focal length 3 cm is used to focus a very distant object. If the final image is formed at 25cm from the eyepiece, calculate the length and the magnifying power of the telescope.
Ans7. When the object is at infinity then the object forms its image at its focus. This image must lie between optical centre and focus of the eyepiece.
So, length of the tube of the telescope,
L = vo + ue = fo + ue
Magnification produced by telescope
M = (fo/fe) x (1 + fe/D)
For eyepiece, ve = -25 cm and fe = + 3cm.
(1/ve) - (1/ue) = (1/fe)
or, - (1/25) - (1/ue) = 1/3
ue = -(75/28) cm
Now, L = fo + ue = 50 + (75/28) = 52.67 cm
and M = (fo/fe) x (1 + fe/D)
= (50/3) x (1 + 3/25) = 56/3


Five mark questions with answers
Q1. What do you mean by ray optics? What are the various phenomena studied in ray optics? Explain that ray optics is a limiting case of wave optics.
Ans1. When light interacts with objects whose size is much greater than the wavelength of the light then light travels in straight lines and this branch of optics is called ray optics.
Ray is an imaginary line drawn in the direction of motion of light. For example, when light interacts with lenses, mirrors, spherical surfaces, prisms etc., then the light travels in straight line.
The phenomena such as reflection, refraction, dispersion, rectilinear propagation of light etc. come under ray optics.
Mirage, looming, twinkling of stars, rainbows, bent shape of a straight stick when immersed partially in a transparent liquid, sparkling of diamonds, shadow of flying objects on the earth etc. are observed effects due to various phenomena given above.
Ray optics is a limiting case of wave optics : Light behaves differently when incident on objects of different sizes. In the definition of ray optics given above it has been clearly mentioned that ray optics means that the light propagates in the form of rays and it is possible only when we consider the interaction of light with those objects whose size is much greater than the size of wavelength of light. Various phenomena such as reflection, refraction, dispersion, total internal reflection etc. occur under the conditions given above i.e., the objects have much larger size than the wavelength of light.
However, if the size of the objects is comparable to that of the wavelength of light then the light propagates in the form of waves. For example, a narrow slit of few micrometers, a shaving blade, grating (large number of parallel slits drawn on a glass plate with a fine diamond point) etc. When light interacts with such objects then the observed phenomena are explained by the wave nature of light. These phenomena are necessarily interference, diffraction, polarisation etc. To ascertain wave nature of light diffraction phenomena is a must. It can be shown with the help of diagrams given below that as the size of the aperture increases the diffraction phenomenon becomes less prominent.
(i) d   : Enough bending of light round the corners of obstacle
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(ii) d  2 : Bending decreases comparatively
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(iii)d  5 : Almost no bending
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(iv) d  10 : No bending
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From the above diagrams it is clear that ray optics and wave optics are two branches of optics to study optical phenomena based on the size of the objects under observation. Now we can rightly say that ray optics is a limiting case of wave optics or there is a transitory phase from ray optics to wave optics depending upon the geometry of the object.
Q2. What do you mean by optical fibre? With the help of proper ray diagrams show the transmission of light through a light pipe. What are their uses?
Ans2. Optical fibre is extremely thin having a radius of few microns and long strand of very fine quality glass or quartz. Each strand is coated with a thin layer of material of low refractive index so as to avoid passage of light from one fibre to the other. The refractive index of the coating material is less than that of the strand. This coating is known as cladding.
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When light enters at one end of the optical fibre, it gets refracted into the other fibre. This refracted light falls on the interface separating the fibre and the coating at an angle which is greater than the critical angle. Due to multiple total internal reflections at points A,B,C,D,E,F,G the light comes out of the other end at H without any loss in intensity.
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Due to multiple reflections the image cannot be passed as such but it can be done so by breaking it into a number of fine dots. Each portion of the image is sent through a light pipe. A bundle of thousand of optical fibres is called a light pipe. Even if the fibre is curved or twisted, the light travels the entire length of the fibre and comes out of the other end and it is similar to that in water pipe.
Lens is used to cast image of an object at the end of the bundle of fibres and the image is then transmitted to the other end by the bundle.
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Uses of optical fibres :
(i) They are used to transmit light without any loss in its intensity over distances of several kilometres.
(ii) They are used in the manufacture of medical instruments called endoscopes. These help the doctors to see deeply into the human body. Hence the doctor can visually examine the stomach and intestines etc. of a patient.
(iii) They are used to transmit the images of the objects.
(iv) They are used in transmitting electrical signals from one place to another. The electrical signals are converted into light signals by transducers.
(v) They are used in tele-communications for transmitting signals. A single fibre is able to transmit multiple signals (say 3000) simultaneously, without any interference, whereas the electric wire can transmit only one signal at a time.
(vi) They are used to transfer huge data because the frequency of light is about 108 times that of microwaves.
Q3. What do you mean by resolving power of an instrument? Specifically give brief account of resolving power of telescope and microscope. On what factors it depends for the above two instruments?
Ans. (Try yourself).
Q4. Differentiate between spectrometer, spectroscope and spectrograph. What is the need of spectrometer to obtain pure spectrum. Draw a necessary diagram to show the arrangement for obtaining pure spectrum.
Ans. (Try yourself).
Q5. Draw a labelled diagram of compound microscope showing the formation of final image at infinity. Derive an expression for its magnifying power.
Ans. (Try yourself).
Q6. What is dispersion? Derive an expression for deviation produced by a prism. Using the formula for deviation find an expression for dispersive power of the prism material.
Ans. (Try yourself).
Q7. Find an expression for lens maker's formula.
Ans. (Try yourself).
