Ray Optics and Optical Instruments

// Chapter |

(1) REFLECTION OF LIGHT

Law of Reflection
3 Incident ray, reflected ray and normal to reflecting surface
at the point of incldence lie in the same plane
3 Angle of ncidenca is eqgual bo angle of reflection
Sign-convention
> In sign convention, all distances measured in the same
direction as incidence ray ame taken positive and those
measured in the direction opposite of incident ray are taken
negative
The heights taken above the principal axis are positive and
below negative.
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Focal Length of Spherical Mirrors

3 The distance between focus and pole of a mirror is called
focal length.

3 Focal length is equal to half of radius of curvature of the
curved spherical mirmors

(Carnvex)

Image Formation by Spherical Mirrors
The image by & mirror ks real If rays afier reflection actually
maet and virtual f rays are not actually meeting but appear
o diverge from a paint
An incident ray passing through cenfre of curvature of mirror
retraces ils path.
1

3 Mimor eguation is and magnification

formula

(2 REFRACTION OF LIGHT

When a beam of ight endouniess nolher lrartspwm il
medium. parkof Boht 18 reflecied back. This called intemal
reflecton. The rect of light enter other medium.

When hight is mcdent obliquedy, its Dropagalion dirsciion
changes (N other médiurn, this phanomeno™is called
refraction

Red light ravels faster-than blua light in samea medium.
Law of Refraction

The incidenlrmy, relfaded ray and nomal {o inderface al the
point of incidence, i

i Hormal
all lie'in same'plana. incidant ray Reflected ray
The ratic of sine of angle
of incidence 1o the sine
of angle of refraction

is constant.

Sni zpq
i

Refracted ray

fiz, is refractive index of second medium with respect io first

Optical denser medium has high refractive index. Mass density of optical denser |

medium may be [ess than mass densily of rarer medium

(1} Flyy = gy % flyg

(2} For rectangular slab with paraliel
faces, the emargent ray is paralial
to incident ray, there is no i
deviation but Medium

has lateral shift,

» Elementary results from laws of refraction ang
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(4) Sunis visible a lithe before the
aclual sundise and until a fitle
after the sunsel, this ime
difference s about 2 minute,

the sun appears oval shaped.
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3) TOTAL INTERNAL REFLECTION ' (4) REFRACTION AT SPHERICAL SURFACES
» [ angle of incidence, for light traveling from denser to rarer

medium is greater than certain angle called critical angle for B i B2y _Ng—8y
; : - p | ¥ AR
the media, no light is transmitted.

A L R = radius of curvature of the curved sphercal surface

sni = T .- refractive index of denser medium w.rt rarer medium It holds for any curved surface (for paraxial approximation}.
5 LIS

(2)
Ranar
medym
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5) REFRACTION BY LENSES

I i =r50ar ontical me m ¥ e by e 5
» Alens is a transparent optical madium bounded by 0’3‘59._1 %i v >
: two surfaces. e
ik 5 . i

= Tatally Atleast one surface should be spherica e =
Barsai | f e n reflectad ray
medium
[watar) =

A

» After twa refraction through a lens. image is formed.
The thin lensformula becomes

Partialy

& reflecied ray

> Higher is value of refractive index, smaller will be critical angle

Substance Ref. index Critical angle
Water 133 4B.75 £t
Flint giass 162 3731 , Formula s valld for convex and concave lenses and 2F F wiage
Diamaond 242 24 .41 magnification produced by lens (lor paraxial

approximation)

S R Object | —=_
Size of ohject | ik

Phenomenon based on TIR are
= Mirage F —

+ Sparkiing of diamand | 6) POWER OF THIN LENS

= Speciai prisms of flint giass to bend light by 207 5 It is measire of itsiconvergance or - Lens maker's formula

EH'C.Jl“M' divergence ability. » Alens of shorter focal length
Optical fibre for communication

3
i

bends incident ray more and P Sl (n—1) [1__*_?|

(7) THIN LENSES IN CONTACT 3 has high power.

» When thin lenses are » Met poweris individual power’s
kept in contact algebraic sum. Some terms
P=P, +P,+P+ may be posilive {convex) and

some lerms may be negative | = The power P of a lens Is dcﬁnefd -
the tangent of the angle by which it

converges or diverges a beam of 5 It is positive for converging lens!
5 This combination helps to get diverging or converging lens light parallel to the principal axis

than lens glass behaves like a
falling at unit distance from the and negative for diverging lens. : s g T
combination of desired magnification optical centre diverging lens and vice versa

ni lative refractive index of
ARy = s relative refractive delo
" f glass with respect to surrounding

Its Sl unit is dioptre (D) and R! and Rg_are radii of curvature
ID=1m3 of two surfaces.

A converging lens in a transparent
liquid of refractive index greater

{concave)on right hand side
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(8) REFRACTION THROUGH A PRISM

. 3 Refraciive ingd i prism is calcutated by formula
» For any triangular prism angle between | When 5 = D,., TG MW OF PIESTIV 16 Clesaien [1y iUl inciidalon by sithet
D!

incidence ray and emergent =g, Dy =2i=A ' y a 5in |'\T
|- /

ray is called angle of deviation r=n=raorrn=A2 5= —= = YT

The refracted ray inside prism i=e
" »  For smail angle thin prism

3 4 remains same i becomes parallel toits base 0 — 1 .
i ¥ 21 White ight

if { and e are . - .
Y d (Angle of incidence) Specirum
imarehanged. t implies thin prism don't deviate light much Gizss Prism

10) OPTICAL INSTRUMENTS

Dispersion of Light :
F g Compound Microscope
» Tha phenomenon of splitting of ight into constituent colours is known as dispersion. Eye Defecis Cure » For targe magnification cjectve and eye piace
Dispersion takes place due to different refractive index of medium for different wavelangths. Myopia el shouid have low focal length
s Myopia i 3 shouid have low focal lengt

Chromatic abasrration inthick lenses s due o dispersion, =

o g i ¢ » Hypermetzoplaieas  Comex lans » Final image at near point
|: D:|
T

(9) NATURAL PHENOMENA DUE TO SUNLIGHT

Rainbow is an example of dispersion of ight (sun) by water drops ; =
Astligmalism =3 - Cyfindrical jens m=m, xmg= ——

Invacuum speed of light is independent of wavelength. So Vacuum is non dispersive madiu
r

0 f

A — . @
e Simpls Microscope » Final image at infinity
3 Microstops: | A simple magnilies or Microscope v I.-' D ‘_I

8 a converging lens of high power m=—1, }
U, \f/

Telescope

» Itis vsed to provide angular magnification for
v Fiel gnage al near poen! distant objects

3 Final image at infiniy

Rainbow

Angulsr magnification = egqual 1o ratic of
+of image to angular size of object

£
m= "' and L = fl.. + fo

» Firngl image al near point

£ T Dy
m=—|1+ -2 and L = £ # L
f, 5] L

Wit

2% Sun nearly overhaad

-

Suriahi
Sunigh

Scattering of light: Light of shorer

wavelenglh is scattered much more "
Distance of aimosphene

than of longers wavelength, Amount of through which sunlight

Sun near 3% travels in atmasphers

hofzon e

Rainbow: (a) The sun rays incident on a walér drop gel refracted twice and reflecied internally by a drop; scattering is inversely proportional to

{b) Enlarge view of intemnal reflection and refraction of a ray of light inside a drop form primary rainbow; and o r:
faurth power of wavedength

(¢} Secondary rainbawis formed by rays undergoing infermal reflection twice inside the drop
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' Sharpen Your Understanding

Which of the following statements is wrong

for an image formation of a real object?
NCERT Pg. 315

(1) The magnification produced by convex
mirror is always less than one

(2) A virtual, inverted, same size image can
be obtained using plane mirror

(3) A virtual, erect, magnified image can be
formed using a concave mirror

(4) A real, inverted, same sized image can
be formed using a convex mirror

Advanced sunset and delayed sunset is due

to NLERT FQ

(1) Atmospheric reflection

(2) Atmospheric refraction

(3) Atmospheric scattering

(4) Atmospheric dispersion

If pa, e and e are refractive indices of media
A, B and C respectively such that ps = s =
e, total internal reflection can take place
when a ray of light travels from

- -

(1) Cto A (2) Cto B
(3) Bio A (4) Bto C

Which of the following concept is used in

optical fibre?
(1) Refraction of light

(2) Scattering of light

(3) Dispersion of light

(4) Total internal reflection

NCERT Based MCQs

In the position of minimum deviation when a

ray of yellow light passes through the prism,

then its NCERT Pg. 331

(1) Angle of incidence is less than angle of
emergence

(2) Angle of incidence is greater than
emergent angle

(3) Sum of angle of incidence and emergent
angle is equal to 90°

(4) Angle of incidence is equal to angle of
emergence

The focal lenath of a lens depends upon
(NCERT 3,307

(1) Nature of material of lens

(2) Colour of light

(3) Medium in which lens is placed

(4) All of these

A screen is placed at a distance of 40 cm
away from an illuminated object. A
converging lens is placed between the
source and screen and it is attempted to
form the image of the source on the screen.
If no lens position could be found, the focal
length of the lens

CERT Pg. 347
(1) Should be greater than 10 cm

(2) May be 6 cm

(3) May be infinity

(4) Must be less than 10 cm

In a compound microscope, the intermediate
image is NCERT Pa. 34(

(1) Virtual, erect and magnified
(2) Real, erect and magnified
(3) Real, inverted and magnified
(4) Virtual, erect and reduced

Mark the correct option among following
statements.

(1) If far point come closer to eye, the defect
is farsightedness.

(2) If near point goes ahead (away from
aye), the defect is called myopia.

{3) If defective far point is 1 m away from
eye, divergent lens should be used

(4) If near point is 1 m away from eye,
divergent lens should be used

P is a small angled prism of angle 3° made
from material of refractive index 1.2. A ray of
light is incident on it as shown in figure. The
angle of deviation for the rays refracted from
prism is [NCERT Pg

(12 (2) ¥
(3)0.8° (4) 0.6°
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When white light enters a prism, it gets split
into its constituent colours. This is due to

(1) Scattering of light

(2) Dispersion of light

(3) Reflection of light

(4) Diffraction of light

A compound microscope consists of an

objective lens of focal length 1 cm and an

eye piece with focal length of 2.0 cm and

tube has length 20 cm. What is its

magnification? [NCERT Pg. 341]

(1) 100 (2) 200

(3) 220 (4) 250

With regards to a telescope, which

statement is incorrect. [NCERT P -

(1) Telescope is used to provide angular
magnification of distant objects

(2) Telescope has objective lens of large
power

(3) Final image of refracting telescope is
inverted

(4) With larger diameter of objective fainter
objects can be observed

14. Match the elements of List-1 with List-ll

List-I List-1l

{A) | Simple (E) | Image
microscope magnified,
inverted and
virtual

Compound Image virtual,

microscope erect and
high
resolution

Astronomical
telescope

Virtual,
inverted and
high
resolution

| Terrestrial
telescope erect and
enlarged

image virtual,

(__'] A

(1) A-H, B-F, C-E. D-G
(2) A-H.B-E,C-G.D-F
(3) A-H, B-E,C-F, D-G
(4) A-F,B-G,C-E,D-G
A simple magnifier has converging lens of
focal length 25 cm. What is iis linear
magnification for the image farmed at near
point? INCERT Pg. 341
(1) 6 (2) 9
(3) 11 (4) 16
A prism has prism angle of 60° and its
absolute refractive index is 1.76. The prism
is dipped in a transparent liquid of refractive
index x. If the angle of minimum deviation is
found to 46° in liquid, what is x?

INCERT Pg. 2

(1) 1.1 (2) 1.3
(3) 14 (4) 1.5

17. Find the position of the image formed by lens

combination with convex lens of focal length
10 cm and concave lens of focal length 12
cm. The object is kept at 30 cm from the
convex lens as shown NCERT Pg. 3

k—6 cm—3
(1) 36 cm to right of convex lens
{2) 36 cm to right of concave lens
(3) 16 cm to left of concave lens

{4) 20 cm to right of convex lens

. A small pin fixed on table top is viewed from

above from a distance of 40 cm. By what
distance would pin appear to be raised if
viewed from the same point through a 12 cm
thick glass slab held parallel to the table?
Refractive index of glass is 1.5

(1) 4 cm
(2) Scm
(3) 6cm

(4) 8em
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Q

.

Biconvex lenses are to be manufactured
from glass of refractive index 1.5 with both
faces of same radii of curvature. The radius
of curvature required if focal length is 15 cm
will be

The direction of propagation of an obliquely
incident (0 < / < 90) ray of light that enter the
other medium, changes at the interface of
is called

two media, this phenomenon

of light.

Fa

In case of light, the ratio of velocity of light in

()

vacuum to that in medium '_J‘ is called
vV

of medium.

The refractive index of diamond is 2.42, then
its critical angle is

When layers of air close to ground having
varying temperature, with hottest layer near
ground, image of tree may create an illusion
to an observer that the tree is near a pool of
water. This is due to phenomenon of
NCERT Pa. 35

20

(1) 10 ecm (2) 15cm

(3) 20cm (4) 25cm
A light pipe is made of glass fibre of
refractive index 1.57. The outer covering of

the pipe is made of a material of refractive
index 1.36. The range of angles of incident

@;I‘hinking in Context

A ray of light passing through first principal
focus of a convex lens emerges

after refraction. Pg. 3217]
A glass lens with refractive index 1.33
disappears in a ftrough of water with
refractiveindex 1.33. The statement is

(1) True

(2) False

NCERI Fg.<

Fower of a convex lens is always positive
and that of concave lens is negative. The
statement is [NCERT Pg. 328
(1) True
(2) False

Power of lens combination is equal to
algebraic sum of individual powers and
magnification of combination is product of

magnification of lenses. The statement is
(1) True INCERT Pg

(2) False

rays with the axis of the pipe for which total
internal reflection inside the pipe take place
is nearly NCERT Pg. 34¢

(1) 0°<ij=<38° (2) 0°<i<90°

(3) 0°<i=<60° (4) 0°<i<53

In prism theory in general any given value of
angle of deviation; except / = e; there
corresponds to two values of £ jand Ze (i.e.
deviation angle remains same if £ jand Ze
are interchanged). This statement is

(1) True NCERTP

(2) False

Thick lenses show chromatic aberration due
to . NCERT Pg 3
Vacuum is a non-dispersive medium in
which all colours travel with same speed.
But glass is a dispersive medium. The
statement is [INCERT Pg '
(1) True

(2) False

The rainbow is a phenomenon due fo
combined effect of dispersion, refraction
and reflection of sunlight by spherical
droplets of rain water. This statement is

(1) True [NCERT Pg. 333]
(2) False
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When light rays undergoes two internal
reflections inside a rain drop, a secondary
rainbow is formed and order of colours is
reversed to primary rainbow. The statement
is NCERT Pg. 33
(1) True

(2) False

At the sunset or sunrise, the sun looks
reddish. The reddish appearance of sun
near horizon is due to

S
g

Angular magnification of a magnifier when
the image formed at infinity compared to
final image at near point is

16

17.

The final image formed by a compound
microscope is inverted and magnified. The

statement is CEFR
{1) True
(2) False

A telescope has objective of larger focal
length and large aperture,
eyepiece has small focal length and small
aperture, The statement is

whereas

(1) True

(2) False

18.

The virtual image produced by a convex
mirror is generally diminished in size and
located between the focus and pole.

(1) True
(2) False [NCERT Pg ]
An object placed between f and 2f of a

concave mirror produces a real inverted
image beyond 2f.

(1) True
(2) False NCERT Pg. 315

If eye lens focusses the incoming light at a

point behind the retina, a convergent lens is
needed to compensate for the defect in
vision. This defect is called
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