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Reflection of Light/ Y& &1 Uidfdd

- When a light ray approaches a smooth polished surface and the
light ray bounces back, it is known as the reflection of light.
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Reflection of Light




N

By: Kanchan Sharma £
- Laws of Reflection/ WRIadd & a9 .

- The incident ray, the reflected ray and the normal all lie in the
same plane.

. 3maferd favor, wRrafda faor ok sifirera 9t v S aa & g @

- The angle of incidence = Angle of reflection

- 3[TUd BIT = YRTdd DI
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Plane Mirror/ I9dd cUUT

It is a polished surface like glass, which reflects almost all the
light. The back surface of mirror is coated with a thin layer of
silver.

L R S T B e T a3,

The image formed by a plane mirror is virtual.
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- A kaleidoscope is an instrument that uses light and mirrors to
create beautiful, repeating patters using the phenomenon of
reflection.
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- It is erect and of the same size as the object.
gg T 3 3R a%g & U PR HT 5|

The distance of the object from the plane mirror is the same as
the distance of the image from the plane mirror.

U gUUT & 9% D1 g1 THAd ¢4Ur 9 Bfd &1 g8t & J0= et 2

It is laterally inverted.
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Incident ray

Plane Mirror
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- The minimum size of the mirror required to see the full image of
an observer is half of the height of observer.

. fpdt e @) gt ofa & foIu Srazgs YAdH ATPR
uﬁﬁwﬁ&%ﬁgmm? ferg 1

- Formula for the number of images formed by two plane mirrors
when the angle between the two mirrors is given:

: gmﬁgwmmﬁmmwmﬁwﬁ%m
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360 - . No of images
S.No. Value of — Position of object
8 formed n=

1 Even Symmetric ? -
2 Even Asymmetric ? -
3 Odd Symmetric ? -1
4 Odd Asymmetric 3—32
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Spherical Mirrors/ MATHR ST

A spherical mirror is a mirror that has the shape of a piece cut
out from a spherical surface.

aﬁ%?ﬁmm%mmﬁwmﬁﬁwm

There are two types of spherical mirrors: concave
mirror and convex mirror.
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Terminologies rﬁlated to ﬁnirrorsl gqur

-  Center of Curvature/ dehdl h

- The point in the centre of the mirror passes through the curve of
the mirror and has the same tangent & curvature at that point.

: m%%ﬁ'%§|m$wﬁWW%ﬁwmwm
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- Principal Axis/ 3] 'i{\Pf :

The imaginary line passes through the optical centre and the
centre of curvature of any lens or a spherical mirror.

R 3 o . .
aﬁgﬁaﬁ'&%w o T MATPR YT & PP Hg 3R Ishdl dg A
Pole/tﬁ?[:

The midpoint of the spherical mirror.

MTPR GUUT BT Aeafdg.
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Aperture/ B

An aperture of a mirror or lens is a point from which the reflection
of light actually happens. It also gives the size of the mirror.

acfurmaﬂmﬁﬁa‘s' 2 T A YHTRI $T WRTdd- aqd d a1 21 I8
ST &7 3THPR Hi Fardr g |

Radius of Curvature/ dodl [ErI

It’s the linear distance between the pole and the centre of
curvature.

Ug Yd 3R aehal $g P 9 B WP I B
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- Principal Focus/ U Bl

- Principal Focus is also be called Focal Point.

- It’s on the axis of a mirror or lens wherein rays of light parallel to
the axis converge or appear to converge after reflection or
refraction.

- YT BIHY Bl Biod Wise Y Hgl Sl ghdl g |
: o &t  31&f & THTIAR P fpol
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- Focus/ a"_si

- It’s any given point, where light rays parallel to the principal axis,
will converge after getting reflected from the mirror.

: %gaﬂimﬁggﬁﬁaa@aa%mﬂmmwmﬁwﬁaaﬁ
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- In a spherical mirror:

The distance between the object and the pole of the mirror is
called Object distance(u).

] 3R GUUT & Yd & dId DI g3l DI a&] g (u) HET AT B |

The distance between the image and the pole of the mirror is
called Image distance(v).

ofd 3R Sfur & @ F i B g3 &1 B g (v) FeT ST B

The distance between the Principal focus and the pole of the
mirror is called Focal Length(f).

T By 3R U & 4 & g $t g8 ) Bied dars (f) $eT a1 2|
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1 1 1
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v u f
Relation Between Focal Length and Radius of Curvature, f = R/2

Biopd daTs 3R Ihdl BT & §ig d9Y, £ = R/2

Magnification: It refers to the ratio of the height of an image to
the height of an object. It is denoted by m.

SR S e oA oo
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_ height of image
™ = height of object

- When m > 1, enlarged image will be formed.

- Wdm > 1, 941 §3 Bd 11|

- When m < 1, diminished image will be formed.

- vidm < 1, Ot Bfq T3t

- When m is negative, image must be inverted (real).
- O¥ m BUTHS g, dl Bfd I g1 T8 (@rafdp)

When m is positive, image must be erect (virtual).

od m YT B df B it (MU g9 grfeel|
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Image Formation by Concave Mirror | GIaé;I
IR

Position of object Figure Position of image | Nature of image
1. At infinity > At the principal focus | Real, inverted,
or in the focal plane extremely
F E diminished in size
-
£
2. Beyond the centre Between the principal | Real, inverted and
of curvature focus and centre of diminished
C curvature
3. At the centre of ~ ' ;% At the centre of Real, inverted and
curvature B curvature equal to object
'C 2




By: Kanchan Sharma
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T@))LIVE,

principal focus

4. Between focus and Beyond centre of Real, inverted and
centre of curvature C curvature bigger than object.
—
fen Extremely
5. ,f\otctgg principal At infinity magniifed
6. Between the pole and C | : Bt the i Virtual, erect and

magnified
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Image Formation by Convex Mirror | Bﬁﬁﬁ%@l
gIRT
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1. Obeject beyond C 2. Object between C and F
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Parabolic Mirror | IRGdR® gUUl

A parabolic mirror is a concave mirror that has been precisely
constructed to capture as well as focus energy on some kind of
specified spot.

- RAAID 3[add e fAwtor fagiy =9 9 fed
ww%ﬁﬁﬁ%m&?%mwu%mmﬁ%%%mw |

- They are used to transport energy from one area to another.

- DT SUART Holt D TP & U g &F dP ° o1 & fore fovar Srar g
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- A concave reflecting surface being utilized transmit as well as
gather energy or radiation such as lighting, noise, or

radiofrequency.
3add T IUANT BT o1 Sl YT, TR a1
’{Q%uﬁuﬁﬁ %ﬁﬁmmﬁﬁmﬁ?gﬁ%wmﬂmmm%l

- The difference is that a concave mirror has a spherical surface,

but a parabolic mirror has a parabolic surface with less spherical
aberration.

. 3 f& erada A MdTPR g, Cifp Radard® A
ggg‘%ﬂﬁﬂﬁﬁﬂﬂﬁﬁ%ﬁggs?%l Rhid
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Application Of Mirror | SUuT &1 Glﬂ'l,'l'fﬂ'lT

1. Convex Mirror: It is used in sunglasses.
- It is used as a rear-view mirror in automobiles.
- It's utilised in ATMs and other places for security reasons.

- It's used as a reflector for street lights.

1. 3TA SUUT: SHBT IUANT YU & a0 | far Jar 8|

- SYPT IUGIT fieiHasd A Rav-og iR & U # foar a3 |

- FAPT ITANT JRET HRUN I TEHTH 3R 3 T W a1 Srar g
- DT IUANT Wi d15e & fore Ruider & & o far sirar g
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2. Concave Mirror | J3ddd gqur . Shaving mirrors. | QifdT gdur

- Vehicle headlights. | 9I8- gSdIgcH
- Searchlights. | H?\.?IE'E
- Makeup mirrors. | WE’C‘:UT

- Microscopes. | ﬁ&ﬂﬂ"«’ﬁ
- Telescopes. | cAIHIY

- Solar cookers. | @?R'W
- Flashlights. | 29
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3. Parabolic Mirrors | URddfd® GUUT : Satellite Dishes | Acdge fSx0
- Reflecting Telescopes | WW

- Radio Telescopes | Ifear Sefimiu

- Parabolic Microphones | Wﬁﬁiﬁtﬂgﬁﬁ'ﬁq

- Solar Cookers | @T’R’W

- And Many nghtmg Devices Such Spothghts, Car H%_\tﬁihgj}ts,
PAR Lamps And LED Housings,. | .
PR geAscH, PAR AU 3R 'e!'IBﬁFTI
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Refraction of Light/ THT &1 3Udd-

- The bending of a wave when it passes from one medium to
another is called Refraction of Light.

: wﬁ%aﬁwgmﬁgﬂ%mmﬁmﬁ%aﬁwmmm

- This bending is caused due to the differences in density between
the two substances.

- g8 B &1 UGl & it g9 d 3fd¥ & SR giaT 3|
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- Sound waves and water waves also experience refraction.

- G T 3R oI a3 WY Sruad s &7 SgHd FRl g |

Refraction of light
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Application of Refraction

The apparent displacement of pencil, partly immersed in water.

Sun appears before the sunrise.

Bending of spoon immersed in water.

Shallow appearance of water tank when looked from top.
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Laws of Refraction of Light/ UPI P &Na?f; %‘

- 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.

AT Tergor, SIATdd 2oL 3N S fdg w7 <1 S & Sevis 1

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

refraction.
R LT o R
. 2! - constant

sinr
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Refractive index

- Refractive index for a medium may be defined as the ratio of
speed of light in vacuum to the speed of light in that particular
medium.

- Refractive index is a pure ratio and hence it do not have a unit.
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- Refractive index is also equal to the velocity of light c of a given
wavelength in empty space divided by its velocity v in a
substance.

C
® u:

V
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* The refractive index of Air is = 1.003
* The refractive index of Water is = 1.3333

* The refractive index of Diamond is = 2.42

- Canada Balsam has its refractive index closest to that of crown
glass.
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Mirage and looming are optical illusions are from refraction of
light.

fiRTST 3R T ST e YW & SN YT & 3uga- A SAA I & |

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.

feafi 3w YT feadr g Ffp qa & = A
%aﬁﬁ &ma%%%mw% %qz-r

The refractive index, also called the index of refraction, describes
how fast light travels through the material.

YD JAB TP, o Uad- JIPih ?‘l\‘:ﬂ?ﬂ% adrdr g f ueeTar

m%mmﬁmﬁaﬁﬂﬁ
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Lens

- A lens is a portion of a transparent refracting medium bounded by
two refracting surfaces out of which at least one is curved.

- Lenses are made up of flint glass.
- There are two types of lenses:
1.Convex Lens

2.Concave Lens
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Terms Related with Lenses

1.Optical centre
Optical centre is a point at the centre of the lens. It always lies
inside the lens and not on the surface. It is denoted by ‘O’.

2.Centre of curvature
It is the centre point of arcs of the two spheres from which the
given spherical lens (concave or convex) is made.

- Since a lens constitutes two spherical surfaces, it has two centres
of curvature.



By: Kanchan Sharma )(.'b “

Incident rays of light

Principal axis i
Fy

(a) Convex lens

Incident rays of light

Principal axis - PPt

(b) Concave lens
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3.Radius of curvature
The distance of the optical centre from either of the centre of
curvatures is termed as the radius of curvature.

4.Principal axis
The imaginary straight line joining the two centers of curvature
and the optical centre (O) is called the principal axis of the lens.

5.Focus
The focus (F) is the point on the principal axis of a lens where all
incident parallel rays, after refraction from the lens meet or
appear to diverge from.
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6.Focal length
The distance between the focus (F; or F,) and the optical centre
(O) is known as the focal length of the lens.
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Position of object Position ofimage  Size ofimage  Nature Ray diagram
At infinity AtF, Extremely Real and inverted R .
diminished oF, F O Fa  2F
\
v

Beyond 2F, Between F, and2F, Diminished Real and inverted
(at finite distance)

At 2F, At 2F, Same size Real and inverted 2}-‘1 fr, 8
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Position of |Position of | Size of Nature Ray
Object Image Image Diagram
A
; . F. g
Between F, and2F, Beyond 2F, Magnified Real and inverted S5 T z T
A
P\
AtF, At infinity Highly magnified Real and inverted ~ —1 £
B B i
i
AI
Between lens On same side of Magnified Virtual and erect

and A object B F, Fa
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Lens Formula

f v u
- Where, f is the focal length

- u is the distance of the object from the lens

- v is the distance of the image from the lens
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Power of Lens

- The ability of a lens to converge/diverge a beam of light rays is
called power of lens (p).

- It is the inverse of focal length, f (in meters).

- Hence, power of a lens is given by the relation :
1
=— (in meters)

f
- The SI unit of power is diopter (D).
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- Power of a convex lens is represented by positive number.

- Power of a concave lens is represented by negative number.
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Atmospheric Refraction

- The deviation of light or other electromagnetic waves from a
straight line as it passes through the atmosphere is known as
atmospheric refraction.

- The atmosphere is made up of layers of different optical densities.

- This is because density of gases in atmosphere changes with
temperature which result in change of refractive index.

- The star twinkles due to atmospheric refraction of starlight.



LIGHT
PHENOMENONS
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DISPERSION/ UdRR

« The phenomenon of splitting of light into its component colours
is called dispersion.

. YHTIY b 3P gch TN A fAUIford g1 &1 uedT &1 Bd1d Hgl Ardr 2|

 Dispersion of light is caused by the change in speed of light ray of
each wavelength by a different amount.

. Hhdrd TP A B fpzor &Y nfa & A
W%ngrﬂé UBT TS 3T HEAT
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Orange
Yellow
Green
Elue
Indigo
Violet

White Light
Glass Prism
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« White light is composed of seven colours VIBGYOR (Violet, Indigo,
Blue, Green, Yellow, orange and Red).

. W%ﬂw‘m HTd ¥ VIBGYOR (ST, $f3, e, g1, e, areft oz
&) Q 991 8

* Violet has largest refractive index & least speed, while Red has
least refractive index & largest speed.

mam?ﬁ?wmwaﬁ?wﬁrﬂaﬁaﬁ‘wﬁ?ﬁgqm% e
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« Wavelength of light is measured in Angstrom (A).
. UPHIR Bl diIeH TREH (A) H A1t &<t g1

« 1A equal = 1071° metre.
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RAINBOW FORMATION/ S<UdY Tod

A rainbow is a natural spectrum appearing in the sky after
rainfall.

SSUFY a9l & d1q ST | fG@rg &7 are U Wipfas WA 7

It is caused by dispersion of sunlight by tiny water droplets,
present in the atmosphere.

%agﬁmﬁﬁqgmuﬁﬁ@mq&%m%wa?w
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A rainbow is always formed in opposite direction to the Sun.
. 35UJY g Y F faudia fa=m & sar 21

« The water droplets act like small prisms. They refract and
disperse the incident sunlight, then reflect it internally, and
finally, refracts again when it comes out of the rain drop.

- U1 B §¢ B]¢ iy 3} avg @14 Bl €19 WP B _
T et R
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* Due to the dispersion and internal reflection, different colors
reach the observer’s eye.

- %Tﬁvhaﬁvmwmﬁq%wam-m?ﬂﬁwaﬁaﬁawuﬁaﬁ

Incoming Sunlight

Incoming Sunlight Is
Reflected And Dispersed At

An Angle Of 42 Degrees
By Water Droplet

Reflected &
Dispersed Light
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* Red green & Blue are called Primary Colours.

. AT BT 3R er YT 3 Hgard g |

 Yellow, Magenta & Peacock Blue(Cyan) are called Secondary
Colours.

. e, Aier iR Wiere & (Rram) & fgdias 31 we1 S gl
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Some other examples of Dispersion:/ UH10H & P AY Jqle Ul:

* When the petrol mixes with the water we can see different colors,
which is due to dispersion of colors.

: ﬂgﬁﬁuﬁ%ﬁﬁlﬁm%a’reﬁwmwﬁlﬂﬁéﬁ% it 3 ¥ e

 Dispersion of colors in soap bubbles.
- gIg9 & gagdi A 3 T foerma|
 Dispersion of colors on CDs.

. W8 R T &1 fomr.
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INTERFERENCE/ Afd®3ur

It is the phenomena in which multiple light waves interacts with
one another under certain circumstances, causing the combined
amplitudes of the waves to either increase or decrease.

- g 98.9cHT g oTH 33 Y= aidl wﬁ@-rﬁrgﬁ' & HIY U
Pl 8, ﬁm%avﬁ%ﬁm Gﬂﬂﬂ??ﬁiﬁgﬁlﬁ 'mg?ﬁ%@'l
 Light waves must be coming out of coharent sources.

. WP 981 JAId Hial A e 38 it
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- E.g; Floating film of oil on water, Colours generated by
incandescent bulbs.

- O g UR A D1 a¥dl fihed, TRATRY Jedl §RT S 17

 The point where intensity is maximum is called Constructive
interference.

. g8 fg wigi daar fAfda et ], T ey Heamr 3|
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« The point where intensity is minimum is called Destructive
interference.

. g8 fdg wiet digar gaaw gt 8, fAA=re ) sxaau sgarar 3|

 Young’s Double Slit Experiment explained the phenomenon
of interference of light.

. T SIA ¢ TINT A ST & FIA&Y B YT Bl THST
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DIFFRACTION/ faad :

 Bending of light around corners such that it spreads out and
illuminates regions is known as diffraction.

. T B P & T SR § PO G s g et o oA AT
TR e 3, e e B L e e e A

L first order

- first order

Incident white light

zero order
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- E.g; The silver lining seen on the edges of the clouds due of the
diffraction of light by water droplets.

- O gt @) 9] ¥ fRAada & & FqR Fid} B
iﬁ_d %%z%mm PRI dIgd] & PRI R Tid)

- The setting Sun appears red due to the diffraction of light from
the dust particles in the atmosphere.

: wﬁw%ﬁﬁm%ﬁaﬁq%wwg&nwmm
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POLARIZATION/ $[dH 0T 2

 The process of transforming unpolarized light into polarized light
is known as polarization.

. a{gaﬁwr?mﬁg?ﬂwmﬁmﬁaﬁmﬁsﬁﬂw%wﬁ
SIEISIGIE]

 Polarized light waves are light waves in which the vibrations occur
in a single plane.

¢[dIpd UBTRN a1 UHTR a7 gidl ¢ fForTH Hu U gl ad | glar g
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« A light wave that is vibrating in more than one plane is referred to
as Unpolarized light.

wmgmm‘rwﬁama?ﬁﬁwwaﬁ%wmﬁwm

 This phenomenon is carried out when an unpolarised light passes
through a Tourmaline crystal.

. waﬂwmﬁ%wwagﬁammmﬁw
ToRdT B |
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- In polarised waves, vibration occurs only in a single direction.

. ydipd a0 § YT Had T gl fe=m A giar 2|

Polarized light
(linear)

Direction
of propagation
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Polarization Applications/ W \"rIﬂ'EI'Cﬁ'IT

It is used in sunglasses to reduce the glare.

. mmﬂ%{q%aﬁﬁmaﬁwmﬁ%mmmal

 3-D movies in theatres.

- RAaTeRi | 3-8 e |

« It is used for differentiating between transverse and longitudinal
waves.

. FHBT SUIRT IR 3R 3¢ ed a i & 919 3iar 3+ & e fpar e 81

« It is used in seismology to study earthquakes.

. DT IUANT Y4 A7 § YHU BT 3hd- H & e fvar srar g1
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Total Internal Reflection | $d 3{diX® WEIQ

- The phenomenon in which the light rays travel from a more
optically denser medium to a less optically denser medium.

. forad ol siftre ysIlRIe wu 4 |
ﬁmmwﬁuﬁﬁmmﬁmwmggl A s
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Conditions of Total Internal Reflection | q:Uf JTAR® TRTIA DI 2

The light ray moves from a more dense medium to a less dense medium.
U TRI fhR0T Sifere TuT A1eaH A HH T°- HIEIH &1 3R Telet g
The angle of incidence must be greater than the critical angle.

3TYd 1T pifdd I A AP giHT ATl

The angle of incidence for which the angle of refraction is 90 degrees is
called as the critical angle.

9% 39 PIv forae foru sraad= &ior 90 f&3M g1 8, shifd® PIvr sgarar 2|

The critical angle is the angle of incidence above which the total
internal reflection occurs.

HifdP DIV MY BT 98 DIVl § FoTHD HUR TUT fidivd URTad- giar g |
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- Diamond & Optical Cables are the best examples of Total Internal
Reflection.

. BTUHS 3R AT had T HTdIRD WRIGd- & JaraH &g ¢ |

Air

Total internal

Critical angle reflection







