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Fig: 13.1
Experimental setup

explore them.

We shall study the phenﬂmgﬂa u-smg the rectilinear
propagation of light and tlwxlrh: ~application in real-life
situations in this unit.

13.1. Reflection of light,

To begin with, light is reflected whenever a beam of light
strikes a EIHGIEIh*PDEShE-d surface and then returns. In other
words, when a r&}r of light hits a surface, the surface reflects
the light. In addition, the ray of light that strikes the surface
is referred to as an Incident ray, but the ray of light that is
rpﬂﬂuwd back is referred to as a Reflected ray. The term
normal" refers to the line that is created when a
perpendicular is made between two rays on 4 reflecting
~ surface.
Incident Ray = It is the ray that falls on the surface

Retlected Ray = The ray which is reflected from the surface
Normal = Perpendicular on the polished surface

P = Point of reflection

i= Angle of Incidence

r= Angle of Reflection

Laws ol Rellection _

Having a basic comprehension of the concept of reflection,
yvou must also be aware of its two essential laws. It is
” possible to determine the reflection of an incident ray on a
~ variety of surfaces, such as a plane mirror, water, and metal
surfaces, by applying these principles. Here are the laws of

reflection:

What makes things visible? During the day, the sunlight
make able us o see objects. An object reflects light that falls
on it. Our eyes detect reflected light. enabling us to see
things. We can also see through a transparent medium as
light is transmitted. Several beautiful phenoména are
associated with light, such as the twinkling of stars, the
beautiful colors of a rainbow, and the bending of light by a
medium. The study of the pmpemes Eﬂ" {Jgﬁl helps us to



~ The angle of incidence is equal to the angle of reflection
(ie. Zi=Zr) is also known as the first law of
reflection.

» mmmm,mmmmmmmm .

: ce all lie in the same plane is also known
Hsﬂmsenund law of reflection
These laws of reflection apply to all tvpes of reflections,

mcluding reflections from spherical surfaces. These are also
applicable to regular and irregular types of reflections,

SELF ASSESSMENT QUESTIONS:
Q1I: Why narrow beam of white light is used i
experiment? _

Q2: List everyday examples of reflection of li ‘K
(Q3: Why the angle of incidence is alwa: the
angle of refection? &

11.2 Image location by iiphcriu:ilsqﬁrrur i;quutiﬂ'n

Image Formation by Sphurical-'mlj;ﬁhrs

Do you know how the image&'-afc formed by spherical

mirrors? How can we locatethe image formed by a concave

mirror? Are the images*-i:gﬁ;l-.ui‘ virtual? Are they diminished.

have the same :-.izq&ﬁr'}{m‘lﬁrged?

Image Eurmaﬁim by Concave Mirror

The ray dlagrams illustrate the formation of images by a

concave mirror for various positions of the object: Figure

132 AN

_ ‘J_tfﬂu:éun"éee in the ray diagrams that the nature, position, and

- size of the image formed depends on the position of the

' i}:-l-':jecl at points P, F, and C, The images formed are real for
“some positions of an object and virtual images for a

particular other position. An image formed is either reduced,

has the same size, or is magnified. It depends on the position

of the object. A summary of these observations 1s given for

your reference in Table 13,1,

A o
alC _~F 7
- B

(£}
Fig: 13. 2

Ray diagrams for the
imuage formation by a

coneave mirror




A spherical mirror i
2 mirror with a curved
:-mmgmmm
“curved mirrors have
'.erﬁ-m that mshnw&

s owards e fght
source, Canvex mirrors

reflect light outwards and [

mmﬂﬁnmtﬂﬂﬁ

Tahle 13:1.
Summary of images formed hy ray dingrams for different positions
af the object

Position |

Position of ek
| theimage | e
At infinity | At the focus F point-sized
BeyondC. &wf Diminished

_-A‘TF" Miﬂﬁﬁﬁ}'
PE@T" Ty

C, the center nfcuw;t&ura, F ‘the focal pumt l’ D]'!IJILAI center. p, ohject
d;.stam.:,ﬁ focal length, ¢. image distance

Spherical Pflll“l'ﬂr'E{HIﬂ.'llun

us think of an object placed p cm in front of a spherical

mirror of focal length fem. The image is formed g em from

the mirtor: then p, f; and g are related by the equation,

1_1+1
f p g

T]'ns 15 known as the mirror uquahun This equation applies

~ to both concave and convex mirrors as shown in figure 13.3.

Fig: 13.3. Ray diagram of image formed by eoncave mirror
When applying the mirror equation, the following pomts
must be observed:

#  That all distances p, f and g are measured from the
optical center P as an origin.




All real distances are taken positively, while all
virtual distances are taken negatively,

= A concave mirror has a positive focal length, while a
convex mirror has a negative focal length,

A concave mirror forms a real image at 25,0 cm from the
mirror surface along the principal axis. If the corresponding
object is ata 10.0 cm distance, what is the focal length of the
mirror?

Solution

Step 1: Write down the known quantities and quantities 1o E

be found.
g=250cm
p=10.0 cm
f=t

2 K

ot e
Resqha,, focal length of the mirror is 7.14 cm.

Use of spherical mirrors
_ Spherical mirrors have various applications in our everyday life
~stich as sunglasses, rear-view mirrors, shaving mirrors. Let us
_discuss some of the applications given below:
Use of convex mirrors
Convex mirrors are often used as rear-view mirrors or wing
mirrors in vehicles, also called driver mirrors; Fig. 13.4.
These mirrors are fitted on the sides of the vehicle so the
driver can see traffic behind them for safe driving. Convex

A wider rear view
image



Fig: 13:5.
The convex mirror used
to see the vehicles on
Ilind turns

Fig: 13.6.
A dentist mirror 7

Fig: 13.7.
The coin appears to be
ruised in the water

mirrors are curved outwards that reflect the light outwards,
allowing the drivers view of a much larger area of the field
behind them. These mirrors always give an upright,
diminished. and complete image of the vehicles. -~
Convex mirrors are also used for Traffic Safety purposes to
sce the blind turns on the roads; Fig, 13.5. Convex Mirrors
are easy to install — they are mounted simply and easily with
the brackets. Wide-angle vision allows drivers to see around
blind corners and into hidden corners. Thesé mirrors need to
be placed at the blind corners and locations to avoid
accidents and collisions of vehicles. "

Concave mirrors also used by 'dentists, can see the tooth
¢learly and diagnose any infection or germ attack.

SELF ASSESSMEN @S'I‘IUNS
Q1: Are the images formed by spherical mirrors always
real?

vex. rs are used as a rear-view mirror in

vehicles that produce diminished images. Why are
Wirrms preferred over plane mirrors?

13.3'Réfraction of light

You know that light seems to travel along a straight pathway

ina transparent medium, What happens when light enters

- from one transparent medium to another? Does it always
© move along a straight-line path? Let us recall some of our

daily experiences.

When a thick glass slab is placed over printed matter, the
letters appear raised when viewed through the glass slab?
Similarly, the coin placed at the bottom of a water tank
appears to be raised; Fig. 13.7.

Why does it happen? A pencil partly immersed in water in a
beaker appears to be bent at the interface of air and water. A
fish kept in water in a glass aquarium appears larger than its
actual size. What is the physics behind such  daily
observations? We call these:

‘The bending effect of light as it passes from one transparent
medium to another is refraction of light.

Consider the rectangular glass slab depicted in the following
illustration.




. et sl
“ol  owiging] iy

[, Flg: 133
Refraction of light
through o plass block

."-':;mlll
A ray AO strikes the face PQ at an angle of incidence i,
As it enters the slab of glass, it takes a little bend to the nght. Willebrord snell &

travelling along OB at a refraction angle of £7 The mﬁthﬁmﬂmpmﬁam,

refracted ray OB hits the face SR at an angle of incidence reﬁhnu! i ﬁtfg;;uf

¥ The ¢émerging ray BC exhibits a refrdttionangle of <% However, he did mot
which causes it to deviate from the normal. publish his findings, It
was only when Hupens, a
Therefore, the emerging ray BC is parallel to the meidentray g physicist, pablished.
AQ; however, it has been laterally disp]’aced with regard {0 spell’s findings that it was-
the incident ray. When light emerges from a refracting called snell’s law.
material that has parallel sulas, there is a shift in the pathway

that the light takes.

Tabile:13.2
The angle between angleal incidence and angle of refraction and
ritin of sin £/ to sin L

The angle of Singi /sin
refraction Zr Lr
25 ; 1:521
31 1.487
35 1.510
19 1.493 ,_cm-ﬁﬁuu Huygens




. "Fig: 13.9. Image of fish
seen doe to total
imternal reflection

Conclusions
L. Aray of light perpendicular to the glass slab or along
the normal 15 not refracted. However, its spf.:f:d
changes according to the medium.
A ray of light incident at an angle to the nurmal'h&nds
towards the normal when it enters into an ﬁpﬁcaﬂy
denser medium (i.e., air to glass). Slml.}aﬂ;ﬁ a ray of
light bends away from the normal when it enters an
optically less dense medium (i. e,,«g'ﬁls's.lm air).

1. The ratio of the sine angie of i’ru.uience to the sine
angle of refraction gl\'bs s &e-cnn:-;tant called the
refractive index of the mtdmm

From this activity; "
The two laws of reﬁacmn a‘fm as follnws

b

. For twu*part:cular rcfractmg mediums, the ratio of the sine

ﬁlgﬁ; of incidence to the sine of the angle refraction is

1 npnstanl
 sinZi
= constant
sinsr
sinZi 2
- L~ refractive index
sinZr
M=n
. '-'-._ E : 37
sin £
or n=—
sinZ¥

This is also known as Snell's law.

Refraction of light is caused by a change in speed, so the
wavelength of the ray and its direction are also changed at
the interface of two different mediums. However, the
frequency of light does not change as the color used remains
unchanged. Thus.




Re frective Index=

speed of light in vacuum or air

speed of light in the medium

S
n=-—

speed of light in a diamond?
Solution:

Stp 1+ Wrie down the known quanties and quanies fo

be found
n=242
¢=3x10% m/s
v="

Step 2: Write down the formula and rearrange i

c
3§ B
«.‘Il

c
V=—
L

v=3% 108 /2.42
=124 % 10* m/s.

Step 3: Put the values and cai::u.la%

L Table:13.3
Refractive index, speed af lizht and critical angle in some
¢ stransparent marerial

fne

&’

The Tefiactive mdex of the diamond is 242, What i8 the

S

nond is 1.24 % 10% m/s,

Hence, the speed of light in.a dia

R E?ﬁnnﬂw ‘Speed of light | Critical
MeAWM | index | (x 10°ms") | angle
iamond | 2417 244"

166 181 7.0
1517 2.01
1.495 2.00
1333 225
1.309 2.30
L0003 2,99
1.000 3.00




Fig: 13.10
What @ swimmer can

see inside the water?

Refraction
Fig: 1311 (a)

Total intcrnal reflection

Fig: 13.11 {¢)

SELF-ASSESSMENT QUESTIONS

Q1: When aray of light passes through a medium to another
of different optical densities perpendicularly. it does
not change its direction, Is it also refraction?

Q2: List the physical quantities that change when refraction
OCCUTS,

Q3: Which physical guantities do not change during
refraction?

13.4 Total internal reflection

Figure 13.10 given shows an underwater reflection of a fish.
This phenomenon is due to the total internal reflection of
light. This phenomenon ean occur when light passes from an
optically denser medium to a rare medium. To understand
this unique behavior of light. we have first to understand the
critical angle.

When a ray of light passing through in a dense medium
enters into-a rare medium. it bends away from the normal:
Fig.13.11 (a). If the angle of incidence *£i" increases, the
angle of refraction “£1” also imcreases. For a particular value
of the angle of incidence, the angle of refraction becomes
90% Fig.13.11 ().

The angle of incidence that causes the refracted ray in the
rarer medium to bend through 90° is called the critical angle
If the angle of incidence in the glass is increased beyond the
critical angle, no light ray is refracted through the water to
air interface. The entire light is reflected into the same denser
medium; Fig.13.11 (e).

If a ray passes from a dense medium to a rare medium and
its angle of incidence is greater than the critical angle, the
incident ray is reflected into the dense medium. This

. phenomenon is called total internal reflection.

<



Caleulate the value of critical angle for water refracted angle

at 90°, The refractive index of water is 1.33.

Solution:

Step I: Write down the known quantities and guantities to P, |

be found ~\
£1=90°
n=1.33

L Q”{; ke
Step 2: Write down the formula and rearrange if necessary..

n =sins1/ singr
When light enters in rare from denser, Snell's law bec: )
n =sin 1 sinsi

or n =sin 2 90/sin ¢ (5&
n=|/sinLe
e QP

] ; Fig: 13.12. Structure of
Step 3: Put the values and calcula the optical fiber
singe=1/1.33
sin/c=10.752 O

Ze=sin (0.75 O

or  Le=4880 ‘?\’Q

Result: Therefore ﬁr&va?nﬁcal angle of water calculated is

488 -

Telecommunication through optical fibers

Optical fibers consist of hair-size threads made of fiexible

plasti?i;'mr'glﬁss fibers that transmit light over long distances.

An-optical fiber comprises two parts, an inner part *core’
_with a high refractive index, coated with another material

- “cladding’: Fig. 13.12. When a light ray enters the fiber and

 hits the cladding, it is reflected internally in the core as the

incidence angle is larger than the critical angle, even if the

fiber is bent, Light rays entering the fiber are continuously

Fig: 13,13, st
. : . Transmission of
reflected at the interface between two refractive materials information through

and cover long distances without energy loss; Fig. 13.13, optical fiber




SELF ASSESSMENT QUESTIONS
Q1: State the conditions neccessary for fotal internal

reflection to oceur,
Q2: Why a swimmer underwater cannot see the @!@
above the water surface? K
Q3:  What is meant by critical angle? ("'\

13.5 Refraction through a prism
Let us perform an activity to illustrate ﬂiﬂha&mge of light
through a prism.

' Flg. 13.14,
‘-I'T‘ﬂfmg the passage of light rays through a glass prism

L Fu{ a paper sheet on a drawing board using drawing
P]IIS

2. Place the triangular prism resting on its base, Using
a pencil, outline the prism.

3. Draw "NEN’ normal to one facet of the prism AB.
Suppose an angle between 30° and 609,

4. Fix two pins slightly apart on the line PE and label
them as P and Q.

5. Look for the images of the pins at P and Q through
the other facet of the prism AC.

6. Fix two pins at R and S to appear in a straight line as

those of the P and Q when viewed from the AC facet

of the prism.

Remove the pins and also the prism.

8§, At point F, produce the points R and S meet by

extending them.




9. At point F, produce the points R and S meet by
extending them.

10, PQE 15 the incident ray that is extended till it meets
facet AC. SRF is the emergent ray extended
backward to meet at point G.

Il Now measure the angle of incidence 41, angle of
refraction £r, and the angle of emergence e and £D.

12. Repeat the experiment for additional angles.

Observations

1. At surface AB, the ray of light enters and bends
towards the normal on refraction.

2. At surface AC, the ray of light bends away from the -
normal as it travels from one medium to the thr
medium. .

Conclusions

The incident ray bends towards the normal when antm thc
prism and bends away from the normal whﬂe’-léadﬁng the
prism.

SELF ASSESSMENT QUESTIO Nz}'(_)

Q1: What is apperture?

Q2; What is difference bmmﬁ%-cem and pole?
13.6 Image location by lens L,ql.iil_iﬁu
How a Lens Refracts Light ©
Consider a mnnochmmatm r@ of 1i ght traveling parallel to
the principal axis of the ‘double convex lens. When a ray
enters a lens, Lenses. rrfﬁ'ﬂt:t the light at each interface. i.e, air
to glass and g]asﬁ ‘tq air boundaries. The net effect of the
refraction, the Ttght ray, has changed its directions, Because
of its spemal geometric shape. it converges the ray to the
fuc:al}aﬁm.t Fig. 13.15.

Convex lens
Focal poimt

L B 3 "'L "'|".'|r' b o
r

1
|

~
. F% o
" T Figr 13,15,

Converging of the ray of monochromatic light parallel to the
principal axis.

)‘hﬁnmetm: Incident
rays traveling M&lm
wmmimm
through the lens and.
tﬂmgahwhmrm? v.r‘r'ﬂ




Similarly, when the rays of light that are not parallel to the
principal axis travel through the focal point approaching the
lens, they will emerge out of the lens, traveling paralIeI to
the principal axis: Fig. 13.16.

Image formation by a converging lens

Fig: 13.16,
Converging or ravs nl‘iig]ll passthrough the focal peint

the convex lens to form an
'hﬂ&ehmuﬁnmm
they always tend to

o anncimalenmnt. 1 DHE power of a lens ;
converge on a single point, Lenses are used to cumﬂfge or diverge the incident light

rays The ability of a iﬂm to refract the rays of light depends
on its focal length. Forexample, a convex lens with a shorter
focal length ‘bends the light rays through a higher
convergence by focusing them closer to the optical center.

Similarly, a very short focal length of the concave lens will
/ cause the light rays to diverge at higher angles away from
A diverging lcns is said o have a t]:efbua‘l point. The degree of convergence or divergence of

e e E A h ) o ]lgb,t rays attained by a lens expresses its refractive power.
principal axs e 8 I pmmrofalens:sdgﬁmdasﬂmmmmlnfhaﬁml
ength, measured in meters inverse (m™').

Refraction by a diverging lens 1
) TI'.IE power is rapresented by the letter P, The power P of a
lens of focal length fis given by

Power=———
focal length

e T

%m intersecting. f

. M The 81 unit of power of a lens is “diopter.” It is denoted by
N the letter D. The power of a lens whose focal length is
' ID=1m™,

» M
i
’r
M

You always remember that the power of a convex lens is
positive, and that of a concave lens is negative.

Image Formation by lenses

o You have studied the formation of images by spherical
ARty mirrors, How about the images formed by lenses?

¥
-

5
7
L




The ray diagrams illustrate the formation of images by a
convex lens for various object positions; Fig. 13.17.

You may observe in the ray diagrams that the nature,
position, and size of the image formed by a convex lens
depend on the position of the object about points 2F, F, and
C. The image formed is real for some positions of the object
and a virtual image for a certain other position, The image is
either smaller, has the same size, or is magnified, depending
on the position of the object. An overview of these

observations is given for your reference in Table 13 .4,
Table 13.4.

An overview of images formed by eay diggrams for differvnt
positions of the object

Position of | Position of Size of the
the object the image Imag_a,
i AtFr | Extremely small
Emmli‘s
and 2F;

Lens Eqﬁnuun

Suppose an ul;;]ﬂct is placed p em in front of a lens of focal
length f cm: Suqh that the image is formed g cm from the
lens, then p. f, and g are related by the equation,

1

ko
+

fp g
2 'ths aquatmn is considered the lens equation. This equation

7 '__?&Eppllcabib for both concave and convex lenses.

~ When applying the lens equation, it is necessary to note the

* following points:
»  All distances p, /. and g are measured from the optical
center P.

« All real distances are taken positively, while all
virtual distances are taken negatively.

— DN

ol ueeh, pj&:*nnd )

N
(¥hject distomee < F
Fig: 13.17.
Ray diagrams for the
imuage formation by a
comvex lens




A pinhole comiera isa
simple camera withoyt 4
lens bt with u tiny
aperture. The pinhole
canter wis invented by

A magnifying glass is
also behuves like o simple

- microscope

A convex lens has a positive focal length, while a
concave lens has an ve focal leng h.

A boy is standing 2.500 m in front of a camera. The ¢
uses a convex lens whose focal length is 0.050 m. Féﬁ

image distance (the distance between the lens ar film)
and determine whether the image is real or vi o, find
the power of the lens. c:)

Solution:

Step 1: Write down the known quzn@\d quantities to
be found,

p=2.500m 5(2}

f=0.050 m.
L p O
Step y Wnt: do rmula and rearrange if necessary.

—-= _%
il

ut 11:]1& values and calculate
1

H‘-.n-t
|.a

'-.l-n

- 3 % 005 "ﬁ'

1_50-1 _49
g 25 25

0,05
P= 20 Diopter

Result: Here the image distance is positive, so the image
formed is real and inverted on the film at the focal point of
the Iens, The power of the lens is 20 D,

Uses of Convex lenses

Have vou ever seen watchmakers using a small magnifying
glass to see tiny parts? Might you have touched the surface
of a magnifving glass? Is it a plane surface or curved? How




does it work”? Now we discuss applications of lenses in some

optical devices. [ MA

The Magmf\mn Class - _ - \ G 4 =

A magnifying glass is a thin converging lens that can be used .Y
to mﬂmﬂbﬁﬁm look bigger, \
Figure 13.18 (a) below shows how the word {Magmfylng Fig: 13.18 ) |
Glass) is placed such that object distance is less than the A magnityingglass

focal length, ie., p<f. enlargesahe letiers
If the object is placed closer to a convex lens than the focal ¢,

length, the rays never tend to meet at a point, Instead, they
appear to come from the position behind the lens, The image 2

produced is upright and magnified. It is a virtual image = ] °

because no rays converge to form it, so it cannot be obtained . i :

on a sereen; Fig, 13,18 {b) This type of use, a convex Iéns ; l i Eye
ig: 13.1 }

is often called a simple microscope.

The camera I'he ray dingram of a

magnifving glass

While the phutngraph is taken, the#lﬁ:l,s is moved in or out to
focus the adjustments from the film, The shutter opens and
shuts quickly to allow a small amount of light through the
aperture into the camera, The photo-sensitive film is kept in
darkness in the diaph{&ﬁ.g}‘_‘uﬂtil the shutter opens,

A distant object rcgﬁi‘ifg&-the lens to film distance equal to the

Fig: 13,19,
The eross-sectinnul

focal length of thelais A nearer object requires the lens to view of a simple
film distance slightly more than the focal length of the lens; Chtre
Fig. 13.19,,

Many cameras have automated focus setting adjustments. Siide
More inexpensive cameras usually have fixed adjustments  miror ..Lm
*.The Projector - b ﬂ

A projector uses a convex lens as a projection lens and pair J
hfmnﬂm lenses to produce a latge. inverted, and real

image on a screen.
In the projector, an object or a film is positioned between f i ﬁ'
and 21 from the projection lens. A concave mirror 18 used to
refleet the light from the lamp onto a pair of condenser lenses
s0 that the light from the lamp is concentrated on the film or

Image on Scregn

Fig: 13.20. The
schematic diagram of
the slide projector



Lons

Fig: 13.21. The
schematie diagram ol a
photographic enlarger
camuers

slide. illuminating it evenly and directing it through the film
(object) to the projection lens; Fig, 13.20. The image formed
on the screen is inverted, real, and magnified.

As the image formed is inverted, must turn the film must
upside down to maintain an upright picture on the screen’
Move the lens from the screen to obtain a large n‘ﬁ&gﬁ The
lens is moved forward or backward to get a smrp p!cture on
the screen.

The phumgraphu enlarger

. g iiodcnacr An EnJargcr is a spev::iahzﬁd transparency projector used to

produce photographic  prints from glass negatives

camer OF transparencies or microfilm. The photographic enlarger

works on the same prineiple as a projector, In the case of the
enlarger, ﬂh’]ﬂct is placed at a distance greater than F but less
than 2F. I&’th,tmwa? we get an inverted, real, and enlarged
image, as ah{m-'ﬂ in Figure 13.21.
SEL ESSMENT QUESTIONS:
is difference between real and virtual image?
power of the lens is reciprocal of its focal length.
: What does it mean?
hﬂ Why the film in the projector needs to be placed
~ upside down?
Q4: The concave lens is also considered to be the
diverging lens. Explain why?
Q5: A convex lens behaves like a concave lens in which
condition?
Q6: Find the image distance for an object placed 20cm in
front of a convex lens with focal length 17em.

13.7 Resolving power and magnifying power
Resolving power:

The resolving power is usually taken as the smallest distance
at which two points can be seen as distinctly when viewed
through the optical instrument, The greater the resolving
power, the smaller the minimum distance between two
points or lines that can still be distinguished. For example,




we use a high resolving power microscope to see tiny
organisms individually and a telescope to view distant stars
aepmtely in the sky.

It is aeﬁ:nfeﬂ as ameasﬂxﬁﬁflhaﬁhﬂlty of an optical
mslr:mmtta form separable images of close objects or to
separate close wavelﬁngihs of radiation.

Magnifyving Power

Magnifying power is usually taken as the apparent increase
in angular size of an object when viewed through a
microscope, telescope. or binoculars, compared with the

direct view of the same object with an unaided eve. The
greater the magnifying power, the enlarged image of the

object that can be visualized. For example, we use the
micm:.mpe of magnification 100, and then we can see the
image of that object 100 times bigger. A mugmfymg power
or magnification of, say, 100 is often referred to as a power
of 100 and written as =100, ltisa dlmengwplasb,numhar
For an aphcul instrument; '
power is defined as the ratio ofthe image size to
thu object size.
Magnification = Size of image / ﬁz\; of object
M = size of imagey size of object

M= he
SELF ASSESSME THONS:
Q1: Define the tﬁrm%zg power.
Q2: Define the term | ifying power?
13 8 Mic rimtn-%a
Microscopy field that uses mimew to view
objects that eannot be seen with the unaided eye.

In qptm;ﬂ instruments, the phe'numenﬂn of angular
. m@@n_ﬁtaﬁnn 18 mainly used 1o see the magnified images of
- the objects. Now we discuss applications of angular
magnification in some optical devices.

= Simple Microscope

A simple microscope uses a convex lens to produce

magnified images of small objects.

The object is placed nearer to the lens than the focal length
to produce an upright, virtual, and magnified image. It is also
called magnifying glass.

The apparent size of an
~objeet perceived by th
mﬁ:ﬂm@mﬂm angle

mﬁaﬂnr wyhumﬂmiw !
: ﬁnmit



Magnification by simple microscope
Let @gbe the angle subtended at the eye by a tiny object when
placed at the near point of the eye. If the object is brought
closer to the eye, the angle will increase and become ;. but
the eye can not see it. To see the abject, we place a convex
lens between the object and the eye within the focal length
so that the lens makes a magnified virtual Lmagi: ofthe object
at the near point of the eye: Fig. 13, 22 'Ifhe magnifying
- power, in such a case, will be:

M..-

9 .
U, ¢

It can be shown that the relation ,g_{?.res the magnifying power

Ba N\, S !

Where d is the near point of accommodation, for a normal
=\ human eye, itis 25 cm. This relation indicates that a lens of
s | 8 shorter lsacaT"fJ,éﬁgﬁl will have the greater magnifying
| power. v
Cum pound. nmnﬁmpu

':J‘.

\ -‘-The uh}ectwrz lens has a shurter fucaJ length fo. than the

Fig: 13.22(n) Im:mn.é  focal length of evepiece. fe. It is used to study the structure
produced on rhnrfﬂll-'ll of small objects.
without canvex képsith)

Magnification by compound microscope

miagiﬂ:t?f?;:r"h : When rays of light from a point on a nearby object pass

4 through an objective lens. The objective forms a small image
w L1 on the inside focal point of the eyepiece. This image
- behaves as an object for the eyepiece, and the larger image
I, is formed at the near point of the normal human eye:
Fig. 13.23. This final magnified virtual image makes an
angle @i at the evepiece.
The magnification of a compound microscope is given by

M*£=(I+M)

Fig: 13.23, Ray S f

dingram of s Where L is the length equal to the distance between the
compoumnd mMicroscope




objective and eyepiece, [, and fe are the focal lengths of the
objective and eyepiece, respectively,

Uses of Microscopes

Scientists believe that a human with a normal eye and regular
vision can sec the tiniest objects as small as about (.1
millimeters, like an ant or lice, To explore an even smaller
world of microorganisms, we use microscopes with high ©bisctie
magnifying power and resolution power, The invention of
the microscope allowed scientists to see cells, bactena, and e
other smallest structures that cannot be seen with the unaided Objecubs
eye. Microscopes gave them a direct view into the unseen:
world of extremely tiny objects. '

SELF-ASSESSMENT QUESTION: _
Q1: Explain the near point of accommodation of an -

‘a normal human. Fig: 13.24, Mechanical
Q2: Give the working principle of the nptical microseopes? parts of o compound

Q3: How docs magnification of a simpl ?@f;-u pe relate microscope
to the focal length? sy
Qai: What 1s the difference between simple.microscope and _ 5 .
compound microscope? g
13.9 Telescope _
The telescope is also an pt

convex lenses, the ¢ eyepiece.
The ol:rjractwe lens haﬁ:}a darger focal length, fo, than the
eyepiece, which has a* focal length, fe. Telescopes ™
arc helpful bc::_ause'.ﬂ}egf can gather far more light than the Fig: 13.25. Mechanical
l'l;:‘{nﬂ]l eye. Itis tsed to form magnified images of distant parts of a refracting
objects, : telesco
Magnitieation by telescope "
When phmllel rays from a point on a distant object pass
tlu:uug];l the objective lens, a real image [; is formed at the
' .Iﬁcafpmnt fof the objective lens. This image behaves as an
__objéct for the eyepicce. The eyepiece forms a magnified
__virtual image [3 a considerable distance from the objective P
lens; 13.26. This enlarged virtual image makes an angle 81

plastic

Raysz
Trom
disiant
ohject
P
Q

at the eyepiece. ' '
The magnification of a telescope is given by the formula Q,_
M= I Vil g
Z Jf_' Fig: 13.26. Ruy
¢

disgram of a telescope




Uses of Telescopes
How far the human eye can see it depends on how many light
particles a distant object emits. Telescopes arc used to
collect and focus the light towards the eyepicce. Telescopes
have extended our sights to the universe. Earlier telescopes
revealed that Earth was not the center of the universe.
They also showed mountains and carters on the moon. Later
telescopes have revealed geography and weather on the
planets in our solar system and new planets and asteroids,
Madern telescopes provide evidence Gfﬁlimns of galaxies,
each containing billions of stars: Telescopes are now
discovering planets around the stars.and possible life over
there. In the future, telescopes will answer us, are we living-
being alone in the universe?

SELF ASSESSMEN STIONS
Ql: D:snngmsh b 1 4 compound microscope and a

s helpful to us to explore the

13.10 “The humun eve and defect in vision
The I;ﬂman eye is one of the light-sensitive organs. It enables
us‘to.see the beautiful world and the colors around us. The
. I.mman eye uses a convex lens system to form a real,
- inverted, a small image of an object on a light-sensitive
Fig: 13.27 Anatomy of " sereen called the retina. The eye lens is comprised of a
amormal eye- © - fibrous, jelly-like material; Fig. 13.27.
N The curvature of the eye lens can be adjusted to some extent
by the ciliary muscles that change its focal length. When the
muscles relax, the lens becomes thin, Thus, its focal length
AN, increases. This refractive effect enables us to see distant
-t J objects, When vou look at objects closer to the eye, the
m muscles contract. The eye lens then becomes thicker. Hence,
g —— the focal length of the eye lens decreases. This refractive
" ‘I‘hahmmm;l:lan-- effect enables us to see nearby objects clearly.

me& Defects of the eye and their correction by lenses
frequency of 16Hz.  For many people. changes in the shape of the eve lens are
not enough to produce a sharp focusing image on the retina,
In such conditions, the person cannot see the objects
distinctly and comfortably,




There are mainly two common refractive defects of vision.
These are (i) short-sightedness and (ii) long-sightedness.
The use of suitable spherical lenses can correct these defects.
Let us discuss these defects and their correction.

Short sight or Myopia

A person with shan&ighl ‘can see nearby objects clearly b
«cannot see distant objects distinctly.

A persen with this defect has a far point nearer than infinity.
Such a person can see clearly up to a distance of several
meters. In a short-sight eye, the image of a distant object is g/ =
formed in front of the retina and not at the retina itself. This. ¥ ik
defect can be noticed when the lens is not thin enough to look
at distant objects, So the rays are bent inward too muéﬁ"‘and'

(e} Clstpecticn foi imvagrii

converge before they reach the retina, f Fig: 13.28. (a) The far
By placing a concave lens or contact of appropriate pb'.\er in point of an eve of o
front of the eye. A concave lens of suitable power; normal person (h)

Fig. 13.28 will bring the image back untpﬂm teg.ﬁa and thus short-sight eye (c)
can correct the defect. correction of short-
Long-sight or Hyperopia . v - o i
A person with long sight can see distant objects clearly but
cannot see nearby objects distinetly
A person with this defect has ﬂr nearer point farther away *
from the near-normal point fi.c., 25 cm). Such a person has ¥
to keep reading material h&’}rﬂnd 25 cm from the eye for _ o
comfortable reading. In a long-sight eye, the image of a R R R T o
nearby objectis ﬁ)mwﬁ behind the retina and not at the retina -
itself. Thls"dﬂfect can be noticed when the lens is not thmk
enough to look at close objects, So the rays are not bent "
inward: pnmgh The light rays from a close-by ohject are
focused behind the retina.
~ Byplacing a convex lens or contact of suitable power in front .
_~of the eye. A convex lens of suitable power provides the & %
~additional focusing power required for forming the image on .
the retina; Fig. 13.29. Thus the defect can be corrected. Corrcction for hypermetropic cye

— ; Fig: 13.29.
S._ELF—-ASEES&M.I.ELN I QUESTION S. () Near-point of an eye
Q1: Why near-sightedness (myopia) makes far-away of a normal person

objects look blurry? (I3) long-sight eye

Q2: What is the most common treatment for refractive  (¢) corvection of long-
error ﬁflﬂﬂg—ﬁ}ghﬂ sight eye
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B/ SUMMARY

A highly polished surface reflects the light. \

The incident ray reflected ray, and the normal to the reflecting qu::fana all lie in
the same plane. This phenomenon is called the first law of teﬂeét;cm.

The angle of incidence is equal to the angle of reflection {l c., ‘aﬁh— Zr). This is
the second Iaw of r&ﬂemun

Some applications of concave mirrors are rf:ﬂeutum Dtanl‘glﬂg of light, and aular
cookers.

The driver uses concave or rearview mmm‘;s tl::- view an upright, smaller, and
full vehicle image.

The dentist uses a concave mirror to .:;ﬂt the tooth 15 larger and if there is any
infection or germ attack.

A ray of light incident at an anglf.zm tl:-le n{mnal bends towards the normal when
it enters an optically denser medium.

A ray of light bends away from the normal when it enters a rear medium.

The angle of incidence that causes the refracted ray in the rarer medium to bend
through 907 is called the critical angle.

If the angle of m@fda}me in the denser material is beyond the critical angle, the
entire light is. ﬁ:ﬁbgtbd into the same denser medium.is called total internal
reflection. .

Dptlcal ﬁﬁc:s’ are an important application that works on total internal
reﬂn(’:q&m .
Convex lenses are used to converge the light.

*cﬂﬁngave lenses are used to diverge the light

power of a lens is the reciprocal of its focal length.

: -'Thc magnifying glass uses a convex lens to produce an upright and magnified

image to see the tiny object.
The camera uses a convex lens to reproduce a small, inverted, and small image
on photographic film.

The projector uses a convex lens as a projection lens and pair of condenser
lenses to produce a large, inverted, and real image on a screen.

The photographic enlarger uses a convex lens to produce an inverted, real and
enlarged image of the film on a photo paper.



The resolving power of an optical instrument is a measure of the ability to form
separable images of close objects or to separate close wavelengths of radiation.
The magnifying power of an upuml instrument is the ratio between the appdmm'-,
size of an object and its true size. /
The compound microscope is an optical instrument that uses two cc:-nvag l%hﬁt:ﬁ
used to investigate the structure of the tiniest obj jects.

The telescope is also an optical instrument that is used to fuﬂ‘_mmagmﬁed
images of distant objects, w?,

The human eye is a light-sensitive sense organ. &%

The short-sight person can see nearby objects ciear]y Bl;m_mnnut see distant
objects distinctly,

The short-sight defect can be corrected by p]acmg a cancave lens or contact of
appropriate power in front of the eye.

The long-sight person can see distant nhjm.ﬁ. c*l‘ﬂrij,r but cannot see nearby
objects distinctly.

The long-sight defect can be corrected. by ?Tacmg a convex lens or contact of
appropriate power in front of the ﬁ:c.- -
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Mulupln Choice Qmﬂtmns (MC(s)

Chowose the correct answer i'm‘ln the follow ing choices:
1. In aconcave napﬂr,the* image size depends upon
{a) Size nfﬁé‘abjcct (b) Position of the object
(c) Arm“nvemd by the object  (d) The shape of the object
2. Inthe ntpﬂ;aai_human eye, the image is formed

IEQ In from of the retina (b) Behind the retina

{¢) On the retina (d) In between lens and retina
3. When a light ray enters from a denser medium to a rare medium, it bends
A ?QE:.] Perpendicular to normal (b) Parallel to normal

(¢) Toward normal (d) Away from normal

* 4. Inacompound microscope, as compared to an objective, the eyepiece lens has
. afocal length
/ (a) Zero (b) negative
{c) Small (d) Large
5. When the angle of refraction is 90" and the refractive index for water is 1.33,
the critical angle is _
(a) 48.8° (b) 49.1¢
(¢) 50.0° (d) 51.0°




6. To view dim stars, we use

(a) Compound microscope (b) Simple microscope
(¢) Endoscope (d) Telescope
7. The human eye acts like a
{a) Camera (b) Projector
(¢) Telescope (d) Microscope
8. A magnifying glass forms an enlarged
(a) Real and upright image (b) Real und inverted

{c) Virtual and upright image {d) Virtual and mverted"ﬂ;’iﬂgt
9, The entire light is reflected into the same denser mcdium‘v-hcﬁ is called total

(a} External reflection (b) Internal reflection
(c) External refraction (d) Tnternal refraction

140 In the optic fiber, the core is made of glass or plastic of relatively
(a) Zero refractive index (b) High refractive index
(¢) Low refractive index (d) No refractive index

11. A magnifying glass is also called 7
(a) Endﬁscnpe by Compound microscope
(c) Simple microscope Iﬂ}Teleampe

12. The defect in which the u‘nage is '&)m‘ied beyond the retina is called,
(a) Long-sightedness (b) Short-sightedness
(c) Blind spotting (d) Image defect

13. The short-sightedness can be corrected by using,
(a) Convex glasses. (b) Convex mirror
(c) Concave m‘in-or (d) Convex glasses

14. Lenses ﬁrnn_1_magss through
(a) Dispers ‘a':i:'l (b) Refraction
(c)] Diff (d) Reflection

15. To llium:nate Lhe inaccessible places in the tooth, dentists use
-(a) Concave mirror (b) Convex mirror
({3 Convex lens (d) Concave lens

_ ‘utruc{umd Questions

\ .hl. 2. What do you understand by the term reflection of hight?
h. Outline a diagram to illustrate reflection at a plane surface.
. Describe the following terms used in reflection:
i. Normal il. The angle of incidence il The angle of reflection.
d. Also, express the laws of reflections.
2. Name the type of mirror used in the following situations.
a. Side /rearview mirror of a vehicle, '



h. To locate the blind spots on roads of the hilly side.
¢. Dentist mirror.

Support your answer with reason.

3.

a. Define the refraction of light.
b. Qutline the passage of light through a parallel-sided glass slab,
. Define the following terms used in refraction:
i.  The angle of incidence ii. The angle of refra::nm

Also, express the laws of refraction.

4.

a4, What do you understand by the refractive index of a mﬂtﬂhﬂu
b. Cite experimentation on how you can determme Ih:: re:fmctwe index of a
parallel-sided glass slab?
¢, Which physical quantity remains unaffected when :‘Ef:ﬁctmn of light nccurs?
a. What is the glass prism?
b Describe the passage of monochromatic hght ra}rs through a glass prism.
¢. Suppose a ray of light approaches th-:ﬂurﬁacc of the prism. What happens
when it enters the glass at the angle. of X
i.  0°%with the normal
ii. 30" with the normal. Ar&mﬁn tcrms of its change i the quantities of
fraquen ey, speed, waveienglﬁ and direction.
a. What is the lens?
b. What happens if a light ray paraIIe] to the principal axis enters a convex lens?
¢. The convex lens is ccnrmiﬂcrad a c{mvcrgmg lens. Explain why?
d. Describe the pm“a:hf’ a lens and its units.
a. Define critical angle.
. What do yeu understand by the term total intemal reflection?
c. State tl;e éﬂndmons required for a total internal reflection.
d. G‘IW some pI'ElC-tIEH.l examples of a total internal reflection in everyday life.
Determine the critical angle of light in a diamond? The refractive index of the

“diamond is 2.41.
~u.'What are optical fibers?
“ob. Describe how total internal reflection is used in an endoscope?
). . Draw the ray diagram of a magnifying glass.

h. How can you use a thin converging lens as a magnifying glass?
¢. Give the magnification of magnifving glass.

. With the help of a ray diagram, give the magnifving powers of the following

optical instruments:
i.  simple microscope or magnifying glass
iil. compound microscope
ii. refracting telescope



12. a. What is meant by the terms?
i.  short-sight, and ii. long-sight
b. How can these defects be corrected?
i.  short-sight, and ii. long-sight 4
¢. Why is a normal eye not able to see the objects put closer than 25 -:ﬂf”“ :

-

e N ) Numericals

1.

1,

A thumb pin is positioned at a distance of 15 cm from a convex mirror of a focal
length of 20 cm. Determine the pusmnu and nature of the gﬁagg {ﬂ 57c¢m)
An image of a specimen appears to be 11.5 cm l:-ehma:lﬁg concave mirror with a
focal length of 13.5 cm. Find the specimen's distance from the mirror. (6.21cm)

A convex mirror used for rear-view on an autunpﬁ:[é.rhas a radius of curvature of
4,00 m. If a bus is located at 5.00 m from th;s mlrﬁhr find the image’s position.

nature. and size. (1.428m)
An object is placed 15 em away from a ceigwﬁgmg lens of a focal length of 10 cm,
Determine the position, size, and M@Iénf* the i image formed. (2em)

A concave lens of focal length 20 em forms an image 15 em from the lens.
Determine the power of a lens. M&mhﬂw far is the object positioned from the lens?
(0.05¢m)
The angle of incidence for atﬁ‘yﬁf light from air to water interface is 40=, If the ray
travels through the '@jam{'*wﬂh a refractive index of 1.33, calculate the angle of
refraction. XK N (28.8%)




