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Ray Optics and optical Instruments
Chapter: -9

Reflection of light: -
Reflection of light is a phenomenon in which light waves encounter a surface and
bounce back in same medium.

Laws of reflection: -
1) Angle of incident is equal to the angle of reflection.
LZi=4r
2) The incident ray, reflected ray and normal lie on the same plane.

Types of Reflection:

Specular Reflection: The reflected light is parallel, and all rays reflect in the same direction,
typically occurring on smooth surfaces like mirrors.

Diffuse Reflection: The reflected light is scattered in various directions, commonly
observed on rough surfaces.

Spherical mirror: -
Spherical mirrors are whose reflecting surface issshaped like a section of a sphere. There
are two main types of spherical mirrors:
e Concave mirrors
e Convex mirrors.
1. Concave Mirrors:
o A concave mirror is curved inward, and its reflecting surface is on the inside of the
curved shape.
» FocalPoint (F): The point where parallel rays of light either converge or appear to
diverge after reflection from the mirror.
o Focal Length (f): The distance between the focal point and the mirror's

vertex(pole) (the center of curvature). Light comes
. B . . . . from this side
e Principal Axis: An imaginary line that =Y
passes through the center of Hard surfece
curvature (C), the vertex, and the . Fooal lengh
focal point. Conterof  Focus Principal axis
curvature F
L. (2F)
 Characteristics: -
« Concave mirrors can produce
both real and virtual images. Refloctive surface

o Realimages are formed when
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the object is located beyond the focal point, and they are inverted.
» Virtual images are formed when the object is located between the mirror
and the focal point, and they are erect.

2. Convex Mirrors:

e A convex mirror is curved outward, and its reflecting surface is on the outside of
the curved shape.

» Focal Point (F): The point from which divergent rays of light appear to be coming
after reflection from the mirror (virtual focal point).

o Focal Length (f): The distance between the focal point and the mirror's vertex
(Pole).

o Principal Axis: An imaginary line that passes
through the center of curvature (C), the
vertex, and extends behind the mirror to the
virtual focal point.

o Characteristics:
o Convex mirrors always produce virtual
images.
o These images are erect, diminished, and
located behind the mirror.

Name Symbol Formulas S.l. Unit
Focal length f . m
2
Mirror formula v,u,f 1 1 1 m
—_ - ==
v u f
Magnification of m m=__72 Unit less
spherical mirror o

Sign Convention
(a) . All distances measured in the direction of incident ray (along + X-axis)
are taken as positive (right hand side of the mirror).
(b) All distance measured against the direction of incident ray (along — X-
axis) are taken as negative (Left hand side of the mirror).
(c) Distance measured perpendicular to and above the principal axis are
taken as positive.
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(d) Distances measured perpendicular to and below the principal axis are
taken as negative.

Light comes
from this side

—— Hard surface

Principal
axis

@ -
Center of Focus

curvature  (F)
(2F)

Reflective
surface

Representation of image formed by spherical Mirror

a) A ray parallel tothe principal axis, after reflection, will pass through the
principal focus in case of a concave mirror or appear to diverge from the
principal focus in case of a convex mirror.

*a
~a
-
B ..
.
.

ib)

b) A ray passing through the principal focus of a concave mirror or a ray
which is directed towards the principal focus of a convex mirror, after
reflection, will emerge parallel to the principal axis.
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(] (b

c) A ray passing through the centre of curvature of a concave mirror or
directed in the direction of the centre of curvature of a.convex mirror,
after reflection, is reflected back along the same path.

-,
s
.
-

.
.
~
*,
».

d) A ray incident obliquely to the principal axis, towards a point P (pole of the
mirror), on the concave mirror or a convex mirror, is reflected obliquely.

(al (b}
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Image formation by a concave mirror for different positions of the object

Position o

the Image
At the focus F

Position o

the Object
At infinity

Beyond C Between F
and C

At C At C

Between C Beyond C

and F

Position of Position of

the Object the Image

At F At infinity

Size of the Nature of  Ray diagram
Image image
Highly Real and A M
diminished  inverted ' 7 ‘
point-sized ——s et } P
Al - p k"\& .
infintey . E . \}4"
B n
Diminished Real and N > XM
inverted T . OVW4 \»
!*»—i“\y:ﬁ—""- —
/,-:','-\\"\_.__‘ ]l}
¥ ‘/k
4 i)
Same size  Real and -
. A D
inverted — s T e \
B
51C A ;r P
<SS —
A
£
Enlarged ~ Real and -
inverted y
(L AT 4T ¥ / ‘
—y /
i1 N
Size of the  Nature of  Ray diagram
Image image
Highly Real and M
enlarged inverted Ayt ‘[ _]
A I
: J‘\’ '|'.
infinity 4 N
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Between P
and F

Behind the
mirror

Enlarged

Virtual and
erect

Image formation by a convex mirror for different positions of the object

Position o Position o Size of the
the Object the Image Image
At infinity At the focus Highly
F, behind diminished,
the mirror  point-sized
Between Between P Diminished
infinityand andF,
the poleP  behind the
of the mirror
mirror

Refraction of light: -

Nature of

Ray diagram

image
Virtual and
erect

Virtual and
erect

:
At

infinity N

Refraction of light is.a phenomenon in optics where light waves change direction
as they pass from one transparent medium to another with a different optical density.

Causes of Refraction of light: -

1) Aslight passes from a 2

medium with a lower
refractive index to a

medium with a higher P

refractive index, its speed
decreases, and vice versa.

The wavelength of light

may also change during
refraction, depending on S
the medium.

2)

Normal 1
N
’abt% '
2 pras=
i i
AlR (3 a
\\
e Raectangular
\\\ glass slab
\\
GLASS N'%% Ny
A \\‘ Direction of
B S original ray
AIR R
~.D
e -~
%% Lataral
N i g ¢ displacement
Normal
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Laws of Refraction: -

1) The refracted ray, incident ray and the normal at the interface of two transparent media
at the point of incidence, all lie in the same plane.

2) For the given pair of media, the ratio of the sine of the angle of incidence to the sine of
angle refraction is always constant.

sini

— = constant
sinr
Refractive index: - :
. .  Normal Medium 1
when light passes obliquely from one :
medium to another, it changes direction in the incident Ray :
second medium. The extent to which change P
in direction takes place in the given set of a air
medium is termed as refractive index. : Medium 2

Absolute refractive index (n) of a medium can be
defined as the ratio of speed of light in
vacuum/air(c) to the speed of light in the
medium(u).

c
n=-—
v

Speed of light in vacuum or air is c= 3 X 10®>°m/s

Some Phenomenon of Refraction of light: - o
(a) Twinkling of Stars: - The twinkling of stars is a Ay o —
phenomenon caused by the refraction of light 01 position

Refractive Index
increasing

as it travels through the Earth's atmosphere.
As starlight enters the atmosphere, it passes
through multiple layers of varying density and
temperature. These fluctuations in density and
temperature lead to changes in the speed of
light, causing it to bend or refract.

(b) Bending of an immersed object: - The bending
of an immersed object, occurs by the refraction
of light, when light passes from one medium to
another with a different optical density. When
an object is immersed in a transparent medium
(such as air, water, or glass), the speed of light
changes as it moves from one medium to
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another. The change in speed is responsible for the bending of the light rays, and
consequently, the apparent shift or distortion of the immersed object.

(c) Visibility of two images of an immersed object: ;
- Consider a fish F under a water in the glass

container. The rays of light FA and FB suffer . b S . Virtual image

refraction at the free surface of water and the ) »‘~” i 7

side of the glass container respectively. After FA S

refraction, these rays appear to come from F, b N :

and F, which are the two virtual images of the 5, 3

fish F. . Pramhe rap
Virtual image

(d) Sun appears oval shaped at morning and evening (i.e., flattening of the sun): -
In the morning and evening the sun is near the horizon. The
refractive index of the layers of the atmosphere decreases with
height. The rays of light from the lower edges of the sun are
refracted more than those from the upper edge due to passage
through greater thickness of air. In other words, the rays of light
from the upper and lower edge of the sun'bend unequally. Due =8
to this unequal bending of light, the image of the vertical
diameter of the sun appears-oval and large in size.

However, at noon when the sun is overhead, the rays of light from the sun enter the
atmosphere normally and hence no bending of light takes place. Therefore, the sun
appears circularat noon.

(e) Time difference during sunrise and sun set: - Sun is
visible to an observer after the actual sunset (i.e.,
actual passing of the horizon by the sun) because of
refraction of light due to denser atmosphere near the
earth. Due to refraction, apparent shift in the direction
of sun‘is about 1/2° leading to delay of about 2
minutes in actual and apparent sunsets. Earth
completes one rotation (i.e., 36°) about its axis in 24
hours. Therefore, time taken for 360° shift 24 hr. Apparvat and actual positions

Hence time taken for 1/2° shift = 24/360)(%

Apparent position

or

=L h=Lxe60min.
30 30

http://educationsource.in
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=2 min.
For same reason the sun appears to rise about 20 min. before the actual rise.

Total internal reflection: -

Total Internal Reflection (TIR) is a phenomenon that occurs when a light ray
traveling through a dense medium and strike to a boundary with a less dense medium at
an angle greater than the critical angle. In this situation, instead of refracting the light is
completely reflected back into the same denser medium.

Critical angle: - The critical A
angle is the angle of n,
incidence at which the
refracted angle
becomes 90 degrees
with the normal.

i rn -

90° :
feflaction

The conditions for total internal reflection: -
1) The light should be travel from dense medium to rarer medium.
2) The angle of incident must/be greater than the critical angle.

The formula for calculating the critical angle (Jc) is given by:
i ="
Sin(d¢) = o
o Jcis the critical angle,

e niis the refractive index of the denser medium (where light is coming from),
« nzisthe refractive index of the less dense medium (where light is going into)

Application of total internal Reflection: -
(i) Porro prism: - A right angled isosceles prism,

called Porro-Prism, can be used in periscope or 1 = N
binocular. TN ! bR
The refractive index of glass is 1.5. Therefore, the ol : >
critical angle is given by fa o)
sin C=1/1.5 or =sin'! (0.6667) = 41.8°. \When the - ) , -4

ray of light falls on the face of a right-angled prism N
at angle greater than 41.8° which is known as e

http://educationsource.in
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(i)

(iii)

(iv)

(v)

critical angle, it will suffer total internal reflection. Right angled prisms used to bend
the light through 90° and 180°.

Sparkling Diamond: - The refractive index of diamond is 2.5.
0 =sin(1/, o) =23.58 = 240

Here the critical angle as 24° for diamond air interface. A Wil Wil Dl
natural diamond, as it is, hardly shows brilliance. It is the e
special cutting by a jeweler which makes it shine. The faces el ,,?__..f\l/}’
of a diamond are cut in such a way that whenever light W e
falls on any of the faces, the angle of incidence is greater N

than the critical angle i.e., > 24°. So, when light falls on the '

diamond, it suffers repeated total internal reflections. The
light which finally emerges out from few places in certain
directions makes the diamond sparkling.

Total internal reflection

Shining Air bubble in Water: - The critical angle for
water- air interface is 48°45'. When light propagating
from water (denser medium) is incident on the
surface of air bubble (rarer medium) at an angle
greater than 48°45', the total internal reflection
takes place. Hence the air bubble in. water shines j
brilliantly.

Water Air bubble

Mirage: - Mirage is an optical.illusion of water observed generally in deserts when
the inverted image of an object (e.g., a tree) is observed along with the object itself
on a hot day.

On a hot.day, the ground heats up, making _\

the air close toitless dense. This alters the N Cool ai
refractive index of the air, causing light e et
from distant objects (like trees) to bend ” '
and create an illusion on the ground. This
effect, known as a mirage, occurs because
of total internal reflection in the hot air
near the Earth's surface. The same illusion
can be observed on a hot road while traveling, where distant spots may appear wet,
giving the false impression of water.

Optical Fibres - An optical fibre is an extremely thin, long strand made of high-quality
glass or quartz. It has a thin layer of material, called cladding, with a refractive index

http://educationsource.in
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lower than that of the fibre core (for example, if the core index is 1.7, the cladding
index might be 1.5).

When light is directed at one end of the OUTER JACKET
optical fibre, it is refracted into the fibre core. The : PRIMARY BUFFER
refracted light then encounters the interface
between the core and the cladding at an angle
greater than the critical angle. This phenomenon
allows the light to undergo total internal reflection
within the fibre, enabling efficient transmission of
signals through the optical fibre.

¢ GLASS CORE

GLASS CLADDING

Uses of Optical fibers: -

1.

Telecommunications: Optical fibers are extensively used for long-distance
communication, such as in telephone networks, internet connections, and cable
television. They provide high-speed data transmission and can carry large amounts of
information over vast distances.

. Internet Connectivity: Fiber-optic cables form the backbone of high-speed internet

connections, delivering faster and more reliable data transfer compared to traditional
copper cables.

. Medical Imaging: Optical fibers are used in medical instruments like endoscopes,

allowing doctors to visualize internal organs and perform minimally invasive procedures.

. Data Networking: \Within data centers and local area networks (LANs), optical fibers are

employed to transmit data between servers, computers, and other networking devices
with high bandwidth and minimal signal loss.

. Military and Aerospace Applications: Optical fibers are used in various military and

aerospace applications for communication, sensing, and data transmission due to their
lightweight nature and resistance to electromagnetic interference.

. Broadcasting: Fiber optics are used in broadcasting for transmitting audio and video

signals over long distances with high quality and minimal signal degradation.

. Industrial Applications: Optical fibers are used in industrial settings for sensing and

monitoring applications, such as detecting temperature, pressure, and strain in harsh
environments.

http://educationsource.in



http://educationsource.in/

12| Page

8. Power Transmission: Fiber optics can be used for monitoring power grids and
transmitting data related to power distribution, helping in the efficient management
and maintenance of electrical systems.

9. Sensors: Optical fibers are employed in various sensor
applications, including temperature, pressure, and '
humidity sensors, as well as in distributed sensing
systems for structural health monitoring.

10.Underwater Communication: Due to their immunity to electromagnetic interference,
optical fibers are used for underwater communication, where traditional copper cables
may face challenges.

11.Security Systems: Optical fibers play a role in secure data transmission for applications
like surveillance and security systems, as they are difficult to tap without detection.

Lens

a) Converging lens: - (convex lens)

Light rays -

b) Diverging lens: - (concave lens)

Focal point

http://educationsource.in
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Image Formation in lenses Using Ray Diagram

a) A ray of light from the object, parallel to the principal axis, after refraction
from a convex lens, passes through the principal focus on the other side of
the lens. A

[

F U e~

In case of a concave lens, the ray appears to diverge from the principal focus
located on the same side of the lens.

b) A ray of light passing through a principal focus, after refraction from a convex
lens, will emerge parallel to the principal axis.

~_ 0

v

A ray of light appearing to meet at the principal
focus of a concave lens, after refraction, will
emerge parallel to the principal axis. 0{

c) A ray of light passing through the optical centre of a lens will emerge without
any deviation.

http://educationsource.in
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Image formation by a convex lens for different positions of the object

Position of

Position of

the Object

the Image

At infinity At focus F;

Beyond
2F,;

At 2F,

Between
F1 and 2F1

At focus F;

Between

Fz and 2F2

At 2F,

Beyond 2F;

At infinity

Size of the Nature of
Image image
Highly Real and

diminished, inverted

point-sized

Diminished Real and
inverted

Same size Real and

inverted

Enlarged Real and

inverted

Infinitely Real and

large or inverted
highly

enlarged

Ray diagram

M

y L
o

R _j‘
7
S
¥
s
/
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Between On the Enlarged Virtual
focus F, same side and erect
and optical of the lens :
centre O as the -
object

Image formation by a concave lens for different positions of the object

Position of Position Size of the Nature of Ray diagram
the Object of the Image image
Image

At infinity At focus Highly Virtual M
Fa diminished, and ®
point-sized erect - -117"‘:‘:.'.— J

Between Between Diminished Virtual -~
infinity and  focus F; and P — W
optical and erect R T l-:j“ =
centre O of optical E
the lens centre O -

Lens Formula

A g
>
B'

* - . .‘ﬂ
B o, F, 5 F, 2F,
< 2
u < f b optical centre
Z :
A R
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a) F1 and F; = focal length of the lens

b) 2F1(C1) and 2F;(C;) = Centre of Curvature of the lens
c) f =focal length of the lens.

d) R = Radius of Curvature of the lens.

e) O = Optical Centre of the lens.

f) u = Distance of the object from the optical centre.
g) v = Distance of the image from the optical centre.

Sign conversation of lens: -

Positive

Negative «—— NS —— Positive

Negative
Positive Positive
I Negative Positive I Negative Positive
2F- F\ & 2F, 2F,
Negative Negative
Convex Lens Concave Lens
Focal length of Focal length of
convex lens is always concave lens is always
Positive Negative
Different type of lenses: -
equi-convex plano-convex bi-convex converging
meniscus
equi-concave plano-concave bi-concave diverging

mehiitge{educationsource.in
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Prism: - A simple prism is a homogeneous transparent refractive medium
bounded by at least two non-parallel plane surfaces inclined at some angle.

Triangular prism Square prism

Pentagonal prism Rectangular prism

Hexagonal prism Octagonal prism
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Dispersion of light though prism: -
The phenomenon of splitting of white light into its
constituent colour when passes thought the /
transparent prism.

Red
Orange

Cause of Dispersion of Light White Light éereggnw

The separation of different colors present in Blue
white light is because of different deviations mg?
suffered by them, when they pass through a

prism because refractive index of a medium is different for different colour.

According to the Cauchy’s formula: -
B C
Tl()L) = A+ &—2 + &—4

This relation shows that the refractive index of the material depends upon the wave

1
length of light. na I

Here the refractive index of the material is inversely proportional to the wavelength.

The wavelength of different colour is differenti.e., red has maximum and violet has
minimum wave length( 4, > 4,) therefore, n for red is minimum and violet has
maximum (n, < n,).

Now deviation produced by the small angled prism is:

6=mn-1)A4

6,=(n.—1A

6,=(Mn,.—1)A
6, <6,

This shows that the red colour deviates least and the violet colour deviates the most.

Issac Newton’s classic experiment on dispersion: -

Sir Isaac Newton conducted a classic

experiment on dispersion. He passed a

beam of white light through a -

triangular glass prism and concluded &
Coloured

el e

that the light from the Sun form a
spectrum of different colours.

White spo
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This Shows that: -
(a) Dispersive power depends only on the nature of the material of the prism.
(b) Dispersive power is independent of the angle of prism.
(c) Dispersive power is a dimensionless quantity and has no unit.

Natural

phenomenon related to Sunlight: -

(a)Rainbow: -

Rainbow is formed due to the dispersion of light suffering refraction and reflection in the
droplets present in the atmosphere. Thus, rainbow is the combined effect of refraction,
reflection and dispersion of light.

There are two type of rainbows-
1. Primary Rainbow:

Formed when sunlight falls on a water droplet suspendedin the air and under
goes two refractions and one reflection.

The droplet acts as a prism, causing the sunlight to undergo refraction, dispersion,
and reflection.

Refracted light is dispersed into its constituent

colors, with red deviated the least and violet

deviated the most. Sunlight
Reflected light undergoes another refraction

as it exits the droplet. -
The observer seesa concentrated color from 4
each droplet, creating a spectrum. /\

The outer edge of the primary rainbow is red, Afraction

and the inner edge is violet.

Refraction

Reflection

2. Secondary Rainbow:

Formed due to two refractions and
two totalinternal reflections of light
incident on the droplets.

The secondary rainbow appears as a
colored band with violet on the Rainbow {secandary) light
outside and red on the inside.

It is fainter than the primary

rainbow, and the colors are inverted.

Water droplet

Rainbow {primary) light
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(b) Scattering of Light

The phenomenon of dispersing light in all directions
by atoms and molecules is referred to as the
scattering of light. When sunlight penetrates the
Earth's atmosphere, it is absorbed by the small
atoms and molecules present in the atmospheric
gases. Subsequently, these atoms and molecules re-
emit light in various directions. The entity
responsible for scattering light is termed a
scatterer.

Incident Light

The extent of light scattering is contingent upon the
size of the scatterers within the atmosphere.
According to Rayleigh, the intensity of the scattered
light is inversely proportional to the fourth power of the wavelength of the incident
light.

(c) Blue Color of the Sky:

When white sunlight enters the Earth's
atmosphere, it consists of various colors. The
path of blue light is much shorter compared to
that of red light because the wavelength of blue
light is much smaller. Consequently, the intensity
of scattered blue light is significantly higher than

. 1
that of red light( ] & Ye As a result, the

predominant color observed when the sky is
clear is blue:This phenomenon contributes to the characteristic blue appearance of the
sky.

(d) Reddish Sun at Sunset or Sunrise:
During sunset or sunrise, the sun and its surroundings often exhibit a
red hue due to the phenomenon of light scattering. When sunlight
travels during these periods, it covers a longer distance through the
Earth's atmosphere before -
reaching our eyes. The blue T vrhend
color in the sunlight is
significantly scattered by
particles in the atmosphere, ¥ B |
leaving the light enriched with  hezen Cpsarnver

Biue scattered away Less blue
sun appears reddish scattered

F\tp://educationsource.in



http://educationsource.in/

21| Page

red tones. Consequently, the sun appears reddish at sunset or sunrise because the
longer path of sunlight results in less scattering of red light compared to blue light.

(e) White Color of Clouds:

Clouds typically appear white as they are composed of dust particles and water
droplets. The size of these particles is considerably large compared to the wavelength of
sunlight. Consequently, there is minimal scattering of light. The incident light from the
sun passes through the clouds with little deviation, resulting in the transmission of all
colors of light. As a cumulative effect, we perceive the transmitted light as almost white.
Therefore, clouds generally exhibit a white appearance.

(f) Red Color of Danger Signals:

Danger signals are designed to be red in color
because when light interacts with the signal, all
colors, except red, are scattered to a greater
extent. The red color, suffering the least
scattering, remains concentrated around the
signal, causing it to illuminate prominently. This
property ensures that the signal is visible from
significant distances, enhancing its effectiveness as
a warning sign.

Optical instruments: -

(a) Microscope ‘(ﬂ.,: - A microscope is an optical instrument to see very small object as
magnified one.

There are two types of microscopes: -
1. Simple Microscope
2. Compound Microscope

(b) Telescope T: - Telescope is an optical instrument to clearly observe the distant
objects.

There are two types of telescopes: -

1. Refracting type telescope.

2. Reflecting type telescope.
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Compound Microscope: -
A compound microscope consists of two suitable lenses to give large magnification by
compounding the magnification given by the lenses.

Construction: - A compound microscope consists of
two lenses: the objective and the eyepiece. The
objective lens, with a small aperture and short focal
length, is positioned facing the object of interest,
producing a real, inverted, and magnified image. The
eyepiece, characterized by a large aperture and a focal
length greater than that of the objective, compounds
the magnification effect of the objective, providing an
enlarged and virtual image.

Principle: - When an object is placed in front of a.convex lens O at a distance between F,
and 2F,; the real, inverted and magnified image.is formed on the other side of this lens.
If this image lies within the focal length of another convex lens E of large aperture, then
the image acts as an object for this lens. The final image produced by this lens is virtual,
inverted and highly magnified.

Theory: - Let AB be an object which lies between Fo, and 2Fo of lens L;. The real,
inverted and magnified image A'B' is formed on the other side of this lens L;. The
position of the lens E or L; is adjusted in such a way that the image A"B" of A'B' is
formed on the same side at a least distance of distinct vision. This final image A"B" is
virtual, inverted and highly magnified.

Eye lens

http://educationsource.in



http://educationsource.in/

(\omf)(wnd Ml\(n}(o e °.

Maangim%‘(m lowes. o~

“The "’“J”"Jd”}j ?ow(’)cf(t} ( Corn}mwno( ) cEtoP &
1S cldmwl o Y Seadi 0 oj 4 Oryk S»H(ndd gde,
"Jlnoi 3m<ﬁe_ +o He. 0‘;7“— Smewhd % % ZZ;
W e o bodh dxe of @ Jisdance of
disdonce. ¢/ digdined Vis1o"

o = Gngle Sobinlal % e objed o dweye.

B gl Subdindd by -

Ml —0

Hore o and P e dmall Okl e
(- N (nd PSP

ij ./)‘Q‘C, Y}UNO( _ .p/B" j’T’Y‘A H'(B"Cz,
58"

"8” ’_@

e

Cz 8!)

Jan B -

Slh('e, VB,L /)5 & MP: /'),18”
5

M“U'b(']mj OWA dl‘ndlz/ é€7 /(7'3"

). A8 N8
M N8 e



! N‘mnaﬁm ﬂ h"i,;

T - A8 Ve
r@ A8 U,

ki s of 0bj ond
whive , U, and Y. 04l erX%ﬂnc@ of Oéz/eds
: Vdf/"“ a‘:y'cth“,;j’"& |

<9.fmU27e,
/'//)f/l Wl;ﬁvff;‘,’(,}’(m o] M ‘ ) @
- S " Al
. .8 v . 2
el ]Tc. M.

| oo
Jom ins Jovamla
PR

u PV e
U, Ve =D



g

JoRR
Je de

e ==
jvmm W and @
| e = 1+2-/

E

Ubungq 3% volu g/ My anol Me

A X (7))
by o m;,@,éfba

Small <£3/c’d5
exdvemely Jmall oh fut&
#v ﬂv(/ocu) 5/

/mumj @mm@
’J we have 30 ob dtwe

NG s parc Yfg (fose
OLﬁd?vc/ v Us~
) .m(/ﬁ( o &< ns.



w;: ﬁd 9mdgc jm%eal af /'nélin/\y
Me- D
fe

-7
——

Hie Uc‘—’uc, , '/;'*00'

-——I—“f—'—L:"—-L

LR
e fo
| \W%mj%%f’) |
D _ D D
-2 [ i)

=
fe

lg\
Ml L

Je / /3 D
4 '7Lo /’Oj
\
Q You ate émh 3 Qmm hmf%j ({Zw% ) ,f):g@)
b= 3D , B =D whid Ywo q He e Lol
you i) o oy et A4 Mie WSCope 9

ﬁ/luj’g:» Magnfyng ke Mo '%LZ Y
Jﬂ W CnSeope Jm(‘?h ﬂsm-‘ Ay fagur<d
QM} obj‘ec/m Dece 11 }ujkr o (%< /V/e(c.

?3: Obj'(d;re. , /Ql - 8(75 /9/&0.




23| Page

Telescope: -

Telescopes serve as optical instruments for the clear observation of distant objects and are
broadly categorized into two types: refracting and reflecting.

(a) Refracting Telescopes:

1. Astronomical Telescope: doesn't impact observations due to the nearly spherical shape
of heavenly bodies. Designed for observing celestial objects such as the.moon, distant
stars, and planets. The resulting image is virtual and inverted, but this.inversion

2. Terrestrial Telescope: Used to observe objects on Earth, like trees and houses. It
produces a virtual and erect final image, making it suitable for terrestrial observations.

(b) Reflecting Telescopes:

1. Cassegrain Type: A type of reflecting telescope design.
2. Newtonian Type: Another design within the reflecting telescope category.

1. Astronomical Telescope: -

Construction: - It consist two convexlenses placed in two metal tubes aligned with each
other. The lens facing the distant object, called the objective lens, has a large aperture and
focal length. The other lens, known'as the eyepiece, has a smaller aperture and focal length
and is used for observing the image.

Principle and Theory: Principle of Astronomical telescope can be discussed by considering
two extreme cases: (a) Distinct vision (near point) (b) Normal vision (eye focussed at
infinity)

a) Distinct vision (near point): - When the final image is formed at a distance of distinct
vision, the telescope is said to be in distinct vision adjustment.

When the objective lens (O) of the telescope is directed towards the object, a real
and inverted image (A'B') is formed at the focal plane of the objective lens. The
position of the eyepiece (E) is adjusted in such a way that the final image (A"B") is
formed at a distance of least distance of distinct vision.

Theory: - A parallel beam of light rays from the distant object (lying at infinity) falls
on the objective lens an angle a. After refraction through the objective lens, these
rays meet at the focal plane of the less Hence A'B' is the real and inverted image
formed at F.
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This image A'B' acts as an object for the eyepiece and lies between its focus and
optical centre, T final image A"B" of the object made by the eyepiece is virtual,
inverted and magnified. It is at a distance of least distance of distinct vision.

A Objective Eyepiece
Ra L
disfar};f;rqm e "
bject
Fe"/”
B i -
At infinity ; W
E Eye
1
1 > .7
i o e T
; ,",,',’;: ="
i rllglt,’" Iq-- Ue ——I
All
n
! D |
Astronomical telescope
Magnifying power: -

Magnifying power of an astronomical telescope is defined as the ratio of the angle
subtended by the final image to the angle subtended by the object at the eye.

o = Angle subtended by the object
B = Angle subtended by the image to the eye.

M.P. =E
a

Here the angle is too small i.e., a =tana and B = tanf

tan 8
tan a
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b) Limitations of Refracting Type Telescopes:
The refracting type telescope, which employs lenses, encounters significant drawbacks
primarily due to spherical and chromatic aberrations.
1. Spherical and Chromatic Aberrations: Spherical and chromatic aberrations in the lenses
lead to the formation of a final image that is both colored and blurred. As a result, the
telescope struggles to provide a clear and detailed analysis of minute object details.

2. Color and Blurring Effects: The presence of aberrations causes the final image of an
object to exhibit color distortions and blurriness. This hinders the telescope's ability to
accurately resolve fine details in observed objects.

3. Requirements for Detailed Observation: Achieving effective observation of minute
details in celestial bodies, such as the moon, necessitates the telescope to possess high
magnifying power, resolving power, and light-gathering power. These requirements
demand an objective with a substantial aperture, forinstance, around 1 meter.

4. Challenges in Large Aperture Manufacturing: Unfortunately, the production of
objective lenses with very large apertures, such as 1 meter, poses significant
manufacturing challenges. The complexities involved in creating lenses of such
dimensions make it a difficult andimpractical task.

Reflecting Type Telescope:

To overcome the limitations associated with refracting type telescopes, a
reflecting type telescope is employed. In this design, the objective lens is substituted
with a paraboloidal mirror of substantial aperture, which eliminates issues like spherical
and chromatic aberrations. Various types of reflecting telescopes exist, and one notable
example is the Cassegrain Type Telescope.

Cassegrain Type Telescope: This telescope features a concave mirror (0) with a large
aperture, accompanied by a circular hole at its center. Positioned in front of the
objective mirror is a small convex mirror. Observations are made through an eyepiece
(E) located in front of the objective hole. The process involves a parallel beam of light
from a distant star striking the objective, which converges it toward the principal focus
(Fo). The reflected light is then intercepted by the convex mirror, creating an inverted
image. This final image is observed through the eyepiece.
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An exemplary instance of a
Cassegrain Type
Telescope is the 500 cm
reflecting telescope at
Mount Palomar,
renowned as one of the
world's largest
telescopes. This
telescope design
effectively addresses the
challenges associated
with aberrations,
offering enhanced
observational capabilities
for studying celestial
objects.

Newtonian Telescope:

The Newtonian Telescope is anothertype of reflecting telescope characterized by
a concave mirror of substantial aperture. In this design, a plane mirror is positioned at
one end of a metallic tube, while'the other end remains open. This plane mirror is set at
an angle of 45° with the tube's axis.
The final image is observed through
the open end of the tube.

The operational sequence
involves a parallel'beam of light from
a distant star or object incident on the
objective.mirror (0). The reflected
light falls on the plane mirror (M),
which deviates the light rays.
Consequently, the final image is
formed in front of the eyepiece,
acting as a magnifier.

If fo = focal length of the concave mirror
used as objective

fe = focal length of the eye piece,
Then the magnifying power of
reflecting telescope
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wp. =12

e
M.P. where f, =R/2 and R is the radius of curvature of the objective.

Advantages of Reflecting Type Telescopes:

1. Aberration-Free Imaging: Reflecting type telescopes utilizing parabolic mirrors are free
from chromatic and spherical aberrations. This results in the formation of sharp and
clear images of observed objects.

2. Weight Considerations: Mirrors in reflecting telescopes weigh significantly less than
lenses of comparable quality. This characteristic makes the telescope design more
manageable and less prone to weight-related issues.

3. Support Structure: The full back of a mirror in reflecting telescopes can be supported,
whereas lenses typically rely on support at their rims. This structural advantage
enhances stability and robustness.

4. Brightness of Image: Since mirrors in reflecting telescopes reflect the entire light
incident on them, the images formed by these telescopes are notably bright. This
brightness enhances the visibility of observed objects.

5. Manufacturability: Paraboloidal mirrors with large apertures, essential for effective
telescopes, can be relatively easily. manufactured. This makes the production process
more feasible.

Disadvantages of Reflecting Type Telescopes:

1. Frequent Adjustments: Reflecting telescopes of this type often require frequent
adjustments, making them inconvenient for general use. Regular tuning and
maintenance are necessary for optimal performance.

2. Limited Viewer Positioning: Viewers using reflecting telescopes must either be
positioned near the focal point of the main mirror or require additional mirrors to
redirect and make the observation feasible. This constraint limits flexibility in viewer
positioning.
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Difference between Reflecting type and Refracting type telescope ?:-

Characteristic

Optical
Components

Image
Orientation

Size and
Weight

Maintenance

Viewer Position

Manufacturing
Challenges

Brightness of
Image

Refracting Telescope

Lenses (Objective lens
and eyepiece)

Prone to spherical and
chromatic
aberrations

Inverts the image

Lenses can be heavy,
bulkier design for
larger apertures

May require more
frequent
adjustments and
maintenance

Eyepiece allows
comfortable
viewing from
various angles

Large lenses with
significant
apertures can be
challenging and
expensive

May suffer from light
loss due to
absorption and
reflection in the
lenses

Reflecting Telescope

Mirrors (Usually concave
mirror as the objective)

Generally free from chromatic
aberrations, minimizing
spherical aberrations

Can provide both upright and
inverted images

Mirrors are generally lighter,
making the design more
manageable

Generally, requires less
frequent adjustments and
maintenance

Viewer might need to be
positioned near the focal
point of the main mirror or
use additional mirrors

Mirrors, particularly
paraboloidal mirrors, with
large apertures are
relatively easier to
manufacture

Can provide brighter images
as mirrors reflect the entire
incident light
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