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Refraction of Light
• Refraction is the change in the direction of a wave passing from one medium to 

another or from a gradual change in the medium.

• Laws of Refraction of Light:

• The incident ray refracted ray, and the normal to the interface of two media at 
the point of incidence all lie on the same plane.

• The ratio of the sine of the angle of incidence to the sine of the angle of 
refraction is a constant. This is also known as Snell’s law of refraction.



प्रिाि िा अपवर्तन
• अपवर्तन एि माध्यम से दसूरे माध्यम से या माध्यम में क्रशमि पररवर्तन से एि 
लहर िे गुजरने िी ददिा में पररवर्तन है।

• प्रिाि िे अपवर्तन िे ननयम:

• घटना िी किरण ने किरण िो अपवनर्तर् किया, और दो मीडिया िे इंटरफेस पर 
सामान्य घटना िे बबदं ुपर सभी एि ही ववमान पर झूठ बोलर्े हैं।

• अपवर्तन िोण िे साइन िे शलए घटना िे िोण िे साइन िा अनुपार् एि स्थिर 
है। इसे थनेल िे अपवर्तन िे ननयम िे रूप में भी जाना जार्ा है।

𝑆𝑖𝑛 𝑖

𝑆𝑖𝑛 𝑟
= 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡





•Effects of Refraction:

• Twinkling of stars is due to refraction of light.

• Mirage and looming are optical illusions which are a result of refraction of light.



• A swimming pool always looks shallower than it really is because the light coming 
from the bottom of the pool bends at the surface due to refraction of light.



•Refraction Examples

• Formation of a rainbow is an example of refraction as the sun rays bend through 
the raindrops resulting in the rainbow.

• Prism is also an example of refraction.



•Refractive Index: (अपवर्तनांि)

• Refractive index also called the index of refraction describes how fast light 
travels through the material.





• What is the refractive index of the medium in which the speed of light is 1.5 ×
108 m/s?

• The speed of light in an unknown medium is 1.76 × 108 m/s. Calculate the 
refractive index of the medium.



•Total Internal Reflection

• The phenomenon which occurs when the light rays travel from a more optically 
denser medium to a less optically denser medium.

• पूणत आन्र्ररि परावर्तन (Total internal reflection) एक प्रकाशीय परिघटना है 
जिसमें प्रकाश की ककिण ककसी माध्यम के तल पि ऐसे कोण पि आपततत होती 
है कक उसका पिावततन उसी माध्यम में हो िाता है।

https://hi.wikipedia.org/wiki/%E0%A4%AA%E0%A5%8D%E0%A4%B0%E0%A4%95%E0%A4%BE%E0%A4%B6
https://hi.wikipedia.org/wiki/%E0%A4%A6%E0%A5%83%E0%A4%97%E0%A5%8D%E0%A4%B5%E0%A4%BF%E0%A4%B7%E0%A4%AF
https://hi.wikipedia.org/wiki/%E0%A4%AA%E0%A4%B0%E0%A4%BE%E0%A4%B5%E0%A4%B0%E0%A5%8D%E0%A4%A4%E0%A4%A8


Find the refractive index of the medium whose critical angle is 40°.



• The Examples of Total Internal Reflection

• Diamond: The critical value of the diamond is 23°. 

• Mirage: Mirage is an example of total internal reflection which occurs due to 
atmospheric refraction.

• Optical fibre: When the incident ray falls on the cladding, it suffers total internal 
reflection as the angle formed by the ray is greater than the critical angle.



• Two Conditions of Total Internal Reflection

• The light ray moves from a more dense medium to less dense medium.

• The angle of incidence must be greater than the critical angle



Lenses
• A lens is a transmissive optical device that focuses or disperses light beams by 

means of refraction.

• Types Of Lenses-
1. Convex Lens (Converging)

2.   Concave Lens (Diverging)

• Compound lenses are those constructed out of a combination of different simple 
lenses.

• Lens Formula

• 1/f = 1/v – 1/u
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• Power of a Lens 

Power of a lens, (P)= 1/f(metre)

Its unit is diopter (D).

• Linear Magnification

m = I/O = v/u



Image Formation by Concave and Convex Lenses:

• Convex Lenses
• When an object is placed at infinity, the real image is formed at the focus. 

• When an object is placed behind the center of curvature, the real image is 
formed between the center of curvature and focus.



• When an object is at the center of curvature, the real image is formed at the 
other center of curvature.

• When an object is placed in between the centre of curvature and focus, the real 
image is the formed behind the center of curvature.



• When an object is placed at the focus, a real image is formed at infinity. 

• When an object is placed in between focus and pole, a virtual image is formed.



• Concave Lenses

• When an object is placed at infinity, a virtual image is formed at the focus.

• When an object is placed at a finite distance from the lens, a virtual image is 
formed between pole and focus of the convex lens.













•Prism: Prism is uniform transparent medium bounded between two refracting 
surfaces, inclined at an angle.

• Prism Formula The refractive index of material of prism



•Dispersion of Light The splitting of white light into its constituent 
colors in the sequence of VIBGYOR, on passing through a prism. is called 
dispersion of light.



Human Eye
• The human eye is like a camera. Its lens system forms an image on a light-

sensitive screen called the retina.

• The eyeball is approximately spherical in shape with a diameter of about 2.3 cm

• The eye lens forms an inverted real image of the object on the retina.



• RETINA -> The retina is a delicate membrane having enormous number of light-
sensitive cells.

• CORNEA -> Light enters the eye through a thin membrane called the cornea. 
It is the eye’s outermost layer. It is the clear, do meshaped surface that covers 
the front of the eye. It plays an important role in focusing your vision.



• PUPIL -> The pupil is a hole located in the centre of the iris of the eye that 
allows light to strike the retina. The pupil regulates and controls the amount of 
light entering the eye.

• IRIS -> It is a dark muscular diaphragm that controls the size of the pupil 
and thus the amount of light reaching the retina.

• CILIARY MUSCLE -> The ciliary muscle is a ring of smooth muscle in the eye’s 
middle layer . It changes the shape of the lens within the eye, not the size of 
the pupil.



• When the light is very bright, the iris contracts the pupil to allow less light to 
enter the eye.

• in dim light the iris expands the pupil to allow more light to enter

the eye. Thus, the pupil opens completely through the relaxation of the iris.

• Blind spot : it is the point at which the optic nerve leaves the eye. An image 
formed at this point is not sent to the brain.

• Aqueous humor : It is clear liquid region between the cornea and the lens.

• Vitreous humor : The space between eye lens and retina is filled with another 
liquid called vitreous humor.



• least distance of distinct vision = D = 25 cm.

• The impression (or sensation) of the object remains on the retina for about 
(1/16)th of a second, This continuance of the sensation of eye is called the 
persistence of vision.

• The rod- shaped cells responds to the intensity of light with different of 
brightness and darkness were as the cone shaped cells respond to colour



Short Sightedness (or Myopia):

• This defect occurs if a person’s eyeball is larger that the usual diameter.

•



• To correct short-sighted vision, a diverging lens (concave lens) 
of suitable focal length is place din front of the eyes .

एक अदिूदशी दृजटट को ठीक किने के ललए, आंखों के सामने उपयुक्त फोकल 
लंबाई का एक डायवजििंग लेंस (अवतल लेंस) िखा िाता है।



Far Sightedness (or Hyperopia or Hypermetropia)

• This defect may occur if the diameter of person’s eyeball is smaller than the 
usual or if the lens of the eye is unable to curve when ciliary muscle contract.

यह दोष तब हो सकता है िब ककसी व्यजक्त के नेत्रगोलक का व्यास सामान्य से छोटा हो या 
यदद लसललअिी मांसपेशी के अनुबंध में आंख का लेंस वक्र नहीं हो पाता है।
• A farsighted person has the normal far point but needs a converging lens in order 

to focus objects which are as close as 25 cm.
एक दूिदशी व्यजक्त के पास सामान्य दूि का बबदंु होता है, लेककन वस्तुओं को कें दित किने के ललए एक अलिसिण 
लेंस की आवश्यकता होती है िो 25 सेमी के किीब होती हैं। 



Presbyopia

• This defect arises with aging. A person suffering from this defect can see neither 
nearby objects nor distant objects clearly/distinctly.

• This defect can be corrected by using bi-focal lenses

• यह दोष उम्र बढ़ने के साथ उत्पन्न होता है। इस दोष से पीड़ित व्यजक्त न तो 
पास की वस्तुओं को देख सकता है औि न ही दिू की वस्तुओं को स्पटट / स्पटट 
रूप से देख सकता है।

• द्वव-फोकल लेंस का उपयोग किके इस दोष को ठीक ककया िा सकता है।



Astigmatism
• A person suffering from this defect cannot simultaneously focus on both 

horizontal and vertical lines of wire gauze.

• This defect can be corrected by using cylindrical lenses.

• इस दोष से पीड़ित व्यजक्त एक साथ ताि धंुध की कै्षतति औि ऊध्वातधि दोनों 
िेखाओं पि ध्यान कें दित नहीं कि सकता है।

• बेलनाकाि लेंस का उपयोग किके इस दोष को ठीक ककया िा सकता है।



• Daily Life Examples of Scattering of Light

• 1. Blue color of sky.

• 2. Red color of signals of danger.

• 3. Black color of sky in the absence of atmosphere

• 4. Red color of the time of sun rise and sun set.

• 5. The human eye is most senstive to yellow color.



• The focal length of eye lens controlled by-

(A) Iris
(B) Cornea
(C) Ciliary muscles
(D) Optic nerve

• A white lights falls on a glass prism, the least deviated colour is –
(A) Violet
(B) Orange
(C) Red
(D) Yellow



• Blue colour of sky is due to –
(A) dispersion of light
(B) scattering of light
(C) refraction of light
(D) reflection of light

• Rainbow is formed due to –
(A) reflection and dispersion of light through a water droplet
(B) Total internal reflection, refraction and dispersion of light through a water droplet
(C) only dispersion of light
(D) only refraction of light

• Power of accommodation (max. variation in power of eye lens) of a normal eye is about 
–
(A) 1D
(B) 2D
(C) 3D
(D) 4D



• Dispersion of light by a prism is due to the change in –
(A) frequency of light
(B) speed of light
(C) scattering
(D) none of these

• Least distance of distinct vision of a long-sighted man is 40 cm. He wish to 
reduce it to 25 cm by using a lens, the focal length of the lens is –
(A) + 200/3 cm
(B) − 200/3 cm
(C)+200cm
(D)–200cm



• Which of the following colour has the least wave length ?
(A) red
(B) orange
(C) violet
(D) Blue

• Convex lens of suitable focal length can correct –
(A) short sightedness
(B) long sightedness
(C) presbyopia
(D) astigmatism



WAVE OPTICS



• Uses of Polaroid

• (i) Polaroids are used in sun glasses. They protect the eyes from glare.

• (ii) The polaroids are used in window panes of a train and especially of an 
aeroplane. They help to control the light entering through the window.

• (iii) The pictures taken by a stereoscopic camera. When seen with the help of 
polarized spectacles, create three dimensional effect.

• (iv) The windshield of an automobile is made of polaroid. Such a mind shield 
protects the eyes of the driver of the automobile from the dazzling light of the 
approaching vehicles.



• Examples and applications of diffraction:
• CD reflecting rainbow colors: So almost all of you have seen a rainbow formation on 

rainy days. ...

• Holograms: ...

• Sun appears red during sunset: ...

• From the shadow of an object: ...

• Bending of light at the corners of the door: ...

• Spectrometer: ...

• X-ray diffraction: ...

• To separate white light:
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