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#  Desenbe the terms wsed i reflection ineluding normul, angle of incidence; angle:
of refléction, md state i of rellection
Salve problems of image Jocation by sphencal mirmoes by usang mumor formiika.

#  Describe the use of spherical mirrors: for safe driving, blind tums on hilly reads.
dentist mirmars.

= Drfine the termimeloey for the angle of modencs Land angle of refraction i
deseribe the passage of light through the paralicl-sided transparent materal,

#  Holye problems by wsing the equation sin | fsin r=n (refractive indes)

#  Sfate the condiftons for tofl intemil reflection !

#  Deseribe bow total interal reflection is wsed in light propegation through optical
fibers

#  Desenbe the use of optica] fibers m felocommumcations, anddhe medical field
nnid ssale the ndvaninges of their use.

#  Deseribe the passage of light through o glass prism

*  Describeé how light s refrected throngh I:miﬂj

o

Define the power of o lens and is unit.
Solve problems of image location by lensts using lens formula,
Presenbe the use of o singie lens asa r.uupifyiug slass amd tn i coamera, projecion
HE L | phumgm.phw enlarger anl draw my dlagrams 1p show o tach fiprms an
image. J

= Define the terms resolving poveer and magmi feing power of the lens.
Dviow a ray dizgram of a stmple microseope and mention it magnifving power.
Branw ey cliagram of thy compound microseope and mention it magnifying

plwer,

#  Describe thegxplamution of the world of microernzanisms by wang micmscopes
! of dismng celedtab bodies by teloscopes

#  Drviw miy dl&ﬁp ofa Lcle-senp: and menbion ks magi fying power

# | Puscnbe the comectian of shor-sight and Long-sight.

‘Lfb.;.gm ose of lehses’ comact benses for rectifving vision defects of the
eVE,

edy dingrams to show the formation of imuges in the nommal eye, short-

{-, w ey, dndl Jong-sighted eye

W
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Surfageofcalm water
behaves like a plang
marror as shown in

ftgure, you can sce a
clear image of regular
reflection of lansdown

bridge sukkur.




What makes things visible? During the day, the sunlight
sk gk make able us o see objects. An object reflects light that falls
HE‘E‘] miimjlimham 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 e\“ -hghl helps us to
explore them.
We shall study the phcnﬂmf.:ﬂa tﬂsmg the rectilinear
propagation of light and the%_r_. application in real-life
situations in this unit. %
13.1. Rellection of light,
To begin with, light i reflected whenever a beam of light
strikes a smooth, puﬁshf:d surface and then returns. In other
words, when a r&j' of light hits a surface, the surface reflects
the light. In addition, the ray of light that strikes the surface
s refmﬁd to as an Incident ray, but the ray of light that is
r&ﬂewd back is referred to as a Reflected ray. The term
--'*mmla]” 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

Reflected 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

Fig: 13.] surfaces. b lving these principles. Here are the laws of
Experimental setup TEﬂE{:ﬁﬁ;' Y appying P P




~ The angle of incidence is equal to the angle of reflection
(ie. Zi=4£r) is also known as the first law of
reflection.

» _Th&inﬁﬁmm;Mmyaaﬁth&mmﬂmm 2

: ¢ all lie in the same plane is also known
a&ﬂ:mem&llw of reflection
These laws of reflection apply to all types of reflections,

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

SELF ASSESSMENT QUESTIONS: N O

Q1: Why narow beam of white light is used im the
experiment?

Q2: List everyday examples of reflection of li ‘K
Q3: Why the angle of incidence is ﬂm@tﬂ the
angle of refection?. Vo A\

11.2 Image location by -.phl:rut.ilpﬁrrur 'I_{[I.I.!tltllll

Image Formation by Spherical "'t"[;rrnn.

Do you know how the images-arc formed by spherical

mirrors? How can we locatethe image formed by a concave

mirror? Are the images reabor virtual? Are they diminished.

have the same size, or enlarged?

fmage I"urmﬂﬁim by Coneave Mirror

The ray dmgrams illustrate the formation of images by a

concave tm;mr for various positions of the object: Figure

132 -

_ Yaum see in the ray diagrams that the nature, position, and

, '*s@a of the image formed depends on the position of the
‘object at points P, F, and C. The images formed are real for
some positions of an object and wvirtual 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 is given for

your reference in Table 13.1,

if)
Fig: 13. 2
Ray diagrams for the
image formuation by a
coneave mirror
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A spherical mirror is
2 mirror with a curved
:mmmm
“curved mirrors have.
surfaces that are shapod
l&ﬁ:m‘w of a sphere.

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

Position
:;ﬂ; rhé'i_im'; ‘Size of the image
Ay | Bt T]  inied
Beyond € Wm Diminished
AtC At

C the center nfcurvawra, F the: fuc:ll pumt l’ aptical center. p, abject
distance. ) 3 focal length, ¢. image distance

Spherical Mm‘ﬂr’Equntlun

Let us think ofan object placed p cm in front of a spherical

mirror of focal length fem, The image is formed ¢ em from

the mirtor; then p, £ and ¢ are related by the equation,

1_1+1
f p g

This 15 known as the mirror muauun This equation applies
to both concave and convex mirrors as shown in figure 13.3.

< q

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

e 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 em distance, what is the focal length of the
mirror?
Solution
Step 1: Write down the known quantities and quantities
be found.

g=250cm

p=10.0cm

=
Step 2: Write down the formula and rearrange i

L1l
fpgq

Step 3: Put the values and calcui%

1 1 1
it O

2 A

MR
Resqhx, focal length of the mirror is 7.14 em,

Use of spherical mirrors _
" ‘Spherical mirrors have various applications in our evervday life
such 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

LY

A wider rear view
image



Fig: 13:5.
The convex mirror used
to see the vehicles om
hlind turns

Fig: 13.6.
A dentist mirror 7

Fig: 13.7.
Thie 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 1o 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
clearly and diagnose any infection or germ attack.

SELF ASSESSMEN @S'I‘IUHS
Q1: Are the image ned by spherical mirrors always
real?

“mitrors are used as a rear-view mirror in

es that produce diminished images. Why are
Wnim:-rs preferred over planc 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.
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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 ﬂwnght
travelling along OB at a refraction angle of 2:? The
refracted ray OB hits the face SR at an angle of incidence

Z¥. The emerging ray BC exhibits a refrdction angle of Ze,
which causes it to deviate from the normal.

Therefore, the emerging ray BC is parallel to the incident ray
AQ; however, it has been laterally displaced with regard to
the incident ray. When light emerges from a refracting
material that has parallel sides, there is a shift in the pathway
that the light takes.

' Table:13.2
The angle between angleaf incidenee and angle of refraciion and
" ritin of sin £ to sin Ly

The an“éli‘equm The angle of SinZi /sin

lence £ refraction £r Zr
13 1.520
19 1536
25 1.521
31 1.487
35 1.510

0 EL 1.493

Fig: 13.8

Refraction of light

through o plass block

¥

Willebrord sncll 8

mathematics professor,

formulated the law of

refraction in 1621,
However, he did mot
publish his findings. It

mmlywh:ﬂﬂugms, a
dumhphjzslml,publwhnd-
snell’s findings that it was

Christiaan Huygens

(1629-1695)




o 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"bﬁuds
towards the normal when it enters into an E’ﬁﬂtﬂﬂj"
denser medium (i.e., air to glass). Sm}a’ﬂ;ﬁ a ray of
light bends away from the normal when it enters an
optically less dense medium (i. e,,,gh;shm air).

1. The ratio of the sine. angie of i’ns.u’nence to the sine
angle of refraction gives us. &e{:nn:-;tant called the
refractive index of the mdrmn

From this activity:
The two 1aw5 ﬂf I'Eﬁﬂ.(.'-tl{}l]' ﬁi\; as f'ollnws

b

For two: part::::ular mfractmg mediums, the ratio of the sine
:filg?t of incidence to the sine of the angle refraction is

1 n;:msmnt
8 " sinZi
- = constant
sinsr
Si.l] ﬁlf S )
- = refractive index
sinZr
sindr
_sinZi
sin £¥

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.




speed of light in vacuum or air

Re frective Index= R TI :
speed of light in the medium
[
n=-—
The refractive index o ymond is 242, What is the
speed of light in a diamond?
Solution:
Step 1: Write down the known quantities and quantities to ,
be found 07N\
n=2.42 \
¢=3x10% m/s ~
v=?
Step 2: Write down the formula and rearrange if necéssary.
c
JEE
w

- o0
Step 3: Put the values and calcula
v=3x 10%/2.42 é&

=1.24 x 10° m/s. _
Hence, the speed oflight iiq,@jund is 1.2 % 108 ms.
L Table:13.3
Refractive index, speed af lizht and critical angle in some
S stransparent materis
efractive | Speed of light | Critical
Index (x10°ms) | angle

2417 1.25 244° _
166 1.81 37.00
1517 2.01

1.495 2,00

1.333 2.25

1.309 230

10003 2.99

1.000 3.00




Fig: 13.10
What g swimmer can

see insdde the water?

Refraction
Fig: 13.11(a)

)

y
4 &
AT e
P ;
Critical Angle

Total intcrnal reflection

Fig: 1311 {¢)

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 (&), If the angle of incidence *Zi" increases, the
angle of refraction *£r” also increases. For a particular value
of the angle of incidence, the angle of refraction becomes
90% Fig.13.11 (b).

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.



Calculate the value of critical angle for water refracted angle
‘at 90, The refractive index of water is 1.33.
Solution:
Step 1: Write down the known quantities and guantities to
be found
Zr=9("
n=1.33
LY
Step 2: Write down the formula and rearrange if necessary..
n =singi/ sinsr N
When light enters in rare from denser, Snell's law hec%.
n =sinZr/ sinsi -.
or n =sin £ 90/sinc R -
n=1/sin £ 0 ——
sinfe=1/n @ " )
Sl Pt i s ki o i
singec=1/1.33
singc=10.752 O
Ze=sin’ (0.75 O
or  Le=48.80 BQ
Result: Therefore Ucal angle of water calculated is
48.8°, QJ
Telecnmmunlmtmn through optical fibers
Dpttcai [fibers consist of hair-size threads made of flexible
Pl&btll?i:ﬂl’ giass fibers that transmit light over long distances.
An-optical fiber comprises two parts, an inner part “core'
) rl.l.l‘hhi 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: 13,3, U
i : . 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 QUESTHONS

Q1: State the conditions necessary for total internal
I mﬂﬂchnnm oceur,
Q2: Why a swimmer underwater cannot see the @!@

above the water surface?

Q3:

A

What is meant by eritical angle?

13.5 Refraction through a prism
Let us perform an activity to illustrate ﬂlezpags&ge of light

through a prism.

Flg. 13.14.

‘-Fﬁicmg the passage of light rays threugh a glass prism

¥

- Fix a paper sheet on a drawing board using drawing

pins,
Place the triangular prism resting on its base. Using

a pencil, outline the prism.

Draw *NEN' normal to one facet of the prism AB.
Suppose an angle between 30° and 60°.

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

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

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.

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

extending them.




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

|0, PQE is the incident ray that is extended till it meets
facet AC. SRF is the emergent ray extended
backward to meet at point G.

I'1. 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 -;:-thm-
medium.

Conclusions

The incident ray bends towards the normal when enters the
prism and bends away from the normal whﬂﬁ Eaﬂng the
prism.

SELF ASSESSMENT QU l-_STmNQ'()

Q1: What is apperture?

Q2; What is difference between-optical centre and pole?
13.6 Image location by lens eguation
How a Lens Refracts Light
Consider a mﬂnochmma‘tm ray of light traveling parallel to
the principal axis of the double convex lens, When a ray
enters a lens, Lenses refract the light at each interface, i.e. air
to glass and glass fo air boundaries. The net effect of the
refraction, the hght ray, has changed its directions, Because
of its special geometric shape. it converges the ray to the
fuc:alp.;ﬁut' Fig. 13.15.

Convex lens Mﬂlﬂh}lwu
Focal poimt '

|
YYYWY

1
|

A
:- ' Flaz 1318,

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

)hﬁuwlmﬂ Inident
rays traveling pnullﬂm
hprhmim refract
through the fens and
tﬂmphﬂwhmm w‘ﬂ]

t@mmd, miiumlﬂn:q:!




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.

Fig: 13.16,
Converging or rayvs of Hg]ll pumfhruugh the focal poinit
The power of a lens \
Lenses are used to ::olhrafge or diverge the incident light
rays. The ability of a | lens to refract the rays of light depends
on its focal length. Ferexarnple a convex lens with a shorter
focal length bends the light rays through a higher
Lunverganceﬁyf;focus:ng 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
Adiverging lens issud whave s the-focal point, The degree of convergence or divergence of

‘;ﬂ’;ﬂﬁ ik i light rays attained by a lens expresses its refractive power.
prancipal axis \ mﬂofmlem:sdﬁﬁuﬁdasthemﬁmnmlafiﬁm
Refraction by a diverging lens measured in meters inverse (m™'),

The power is represented by the letter P, The power P ofa
lens of focal length fis given by

Power=——

\ focal length
2 1
lmﬂmmu parallct to the g P=~
__%m;mmﬂ‘ﬂf; s

The 81 unit of power of a lens is “diopter.” It is denoted by
the letter . The power of a lens whose focal length is
1ID=1m".

< 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
ARGy mirrors, How about the images formed by lenses?




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

S,
and a virtual image for a certain other position, The image is i T,
cither 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 differvn
positions of the obhject
Position of | Position ol Size of the

the object the image image
Atinfinity AtF; | Extremely small
Behind 2Fy | T ow, Small
ALZE, AL 2F

Lens Equation _
Suppose an object is placed p cm in front of a lens of focal
length f cm;-"Suqh that the image is formed g cm from the
lens, then p. /, and g are related by the equation,
11,1
- This equation is considered the lens equation. This equation
* isapplicable 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

N
(ject dustnnee < F

center F. . Fig: 13.17.
* All real distances are taken positively, while all Ray diagrams for the
virtual distances are taken negatively. image formation by 4

comvex lens



A pinhole camera is a
simple camera without 4
lens but with u liny
aperture. The pinhole
‘camera wiis invented by

Q) oo
A magnifying glass is
ulso behaves like o simple

microscope

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

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

image distance (the distance between the lens m film)
and determine whether the image is real or vi 0, find
the power of the lens. C{_)

Solution:
Step 1: Write down the known qu.zn@\d quantities to
be found,

o >
= 2 3
i 'q=? E }

ii. P=7
Step 2: Write do rmula and rearrange if necessary.
) 1 =3 E
1
‘.P
—i 1
F

S.(;gut the valuas and calculate

. 3 Eus"ﬁ

1. 50-1 I-‘!
g Z5 s
q=§=ﬂ.ﬂj§lm
£ p_1
1L P_r
e
T Dos
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 you ever seen watchmakers using a small magnifying
glass to see tiny parts? Might you have touched the surface
of a magnifying glass? Is it a plane surface or curved? How




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

The ﬁiﬂg{l_if}'i_ﬂg_(“ﬂﬁs

N s o E s i e

to make objects look bigger.

Figure 13.18 (a) below shows how the word {Magmtylng Fig: 13. lgm
Glass) is placed such that object distance is less than the Amugnﬂyngglm

focal length, ie., p<f. enlargesabe letrers
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 28
produced is upright and magnified. It is a virtual image "
because no rays converge to form it, so it cannot be obtained
on a sereen; Fig. 13,18 (b). This type of use, a convex lens,

is often called a simple microscope. _Fg 13l

. I'he ray diagram of a
The camera :
magnifving glass

While the phutngraph is taken, the lens 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 diaphragm until the shutter opens,

A distant object requires the lens to film distance equal to the

Fig: 13.19,
T'he eross-sectinnil

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

Many" cameras have automated focus setting adjustments.
Mqrumiéxpanswe cameras usually have fixed adjustments ~ mimor G0
* The Projector
~'A projector uses a convex lens as a projection lens and pair
.%fmndmlmsmpmduceamhinmwd,mdml """’/;'
h:u&gemaw A i
In the projector, an object or a film is p{l&ﬂmﬂﬂd between ff lens fese
and 2f from the projection lens. A concave mirror 1s used to
refleet the light from the lamp onto a pair of condenser lenses
50 that the light from the lamp is concentrated on the film or

Tmage on Scregn

Fig: 13.20. The
sehematic diagram of
the slide projector




shde, 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%_pﬁm‘i?
Move the lens from the screen to obtain a large u‘ri&gé The
lens is moved forward or backward to get a shmp p!cture on
the screen.

The phnmgraphu enlarger

An enlarger is a specialized tra.uﬂnarr:ncy projector used to
produce photographic  prints from glass negatives
or transparencies or mierofilm, The photographic enlarger
works on the same principle as a projector. In the case of the
enlarger, oh‘]f:ct is placed at a distance greater than F but less
than 2F. I&’th,mwa? we get an inverted, real, and enlarged
1rnag¢, as z.ha'w: in Figure 13,21,

ESSMENT QUESTIONS: . _
Fig: 13.21. The is difference between real and virtual image?
schemutie diagram ol a e power of the lens is reciprocal of its focal length.
photographic enlarger Whﬂt- dnes it mﬁﬂ.l]?
g e hﬁ' 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
candiion? |
Q6: Find the image distance for an object placed 20cm in
front of a convex lens with focal length 1 Tem.

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 @ high resolving power microscope o see tiny
organisms individually and a telescope to view distant stars
sepm‘ately in the sky.

It is defined as a measure of the ability of an optical
msimnmttn form separable images of close objects or to
separate close wavalmgihs of radiation.

Magnifving 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 eye. The
greater the magnifying power, the enlarged image of the
object that can be visualized. For example, we use the
microscope of magnification 100, and then we can see the
image of that object 100 times bigger. A mugnifytug'ppwm
or magnification of, say, 100 is often referred to 48 a power
of 100 and written as <100, It is a dimensionless number.
For an uphcnl instrument;
power is defined as the «
thmb}ef:tm
Magnification = Size of image / Sma of object
M = size of image/ size of object
M= hs
SELF ASSESS TIONS

SESSME H
Q1: Define the te ing power.
Q2: Define the tefon magnifying power?
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io ofthe image size to

op Qﬁm field that uses microscopes to view
. _____tbesmwrthﬁe inaided eye.

In qptm;ﬂ instruments, the phc'nnmenﬂn of angular
magnification is mainly used to 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.

mﬂﬂ!nr ﬂ.yhumﬂw iw '
) from it.
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mmmemm
i the minimum distance
to which one can see the
abjects distinctly
‘without struin. It varies
from person to person
with age. For a normal
human eye, it is 25 cm.
The far point of the eve
is the maximum distance
10 which one can see the
objects, The far point of
the normal human eye is
mfinity.




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 0., but
the eye can not see it. To see the object, we place a convex
lens between the object and the eye within the fcicai length
so that the lens makes a magnified virtual unagi: ofthe object
at the near point of the eye: Fig. 13 22 'Ifhc magnifying
4, power, in such a case, will be:

i
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It can be shown that the relation gi,?.reé the magnifying power

R, W)

Do\, J A
Where d is the n;;af pgﬁit of accummndauﬂn.. for a normal
human eye, itis 25 cm. This relation indicates that a lens of
a shorter focal length will have the greater magnifying
| power. o '
Cum round-microscope

ﬁmupnghtmmmputhat

The uh}actwﬂ Jéns hias: shorter Tocal length fo. than the

Fig: 13.22(n) Image focal length of eyepiece. fe. It is used to study the structure
produced on thereting of small objects.
without eonyex lfhg- (h)

Magnification by compound microscope

I"mgﬁ:t:fﬁ:,“"h ; When rays of light from a point on a nearby object pass

o B through an objective lens. The objective forms a small image
L 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 eyepiece. _
The magnification of a compound microscope is given by

MEE=[1+M)

Fig: 1323, Ray A ¥

dingram of 4 Where L is the length equal to the distance between the
(."l]'l'lipl]l-lll'll microscope




objective and eyepiece. [ and [ 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 O%ictive
magnifying power and resolution power. The invention of
the microscope allowed scientists to see cells, bactena, and
other smallest structures that cannot be seen with the unaided Objecufs
eye. Microscopes gave them a direct view into the unseen 295
world of extremely tiny objects. e
SELF-ASSESSMENT QUESTION:

Q1: Explain the near point of accommodation of an.cye of ™%
i Fig: 13.24, Mechanieal
Q2: Give the working principle of the npﬁcal microseopes’ paris of 8 compound

mivroscope

Q3: How does magnification of a simpl 1os¢op
to the focal length? %ﬂ

Q4: What is the difference between si
- compound microscope? \f

13.9 Telescape
The telescope is also an opt
convex lenses, the obj
The nl:rjectwe lens has a Hlarger focal Iength fu, than the
eyepicce, which has a focal length, fe. Telescopes
arc helpful hc::_.'laua_’e:the.},r can gather f.-m more light th:-:._n the Fig: 13.25. Mechasical
human eye. It.is tsed to form magnified images of distant parts of @ refracting
ﬂhjﬂﬂﬁg . teleseope
Magnifieation by telescope
When parallel rays from a point on a distant object pass
th:mlg];l the objective lens, a real image [; is formed at the

. .-Ibcafpmnt fofthe objn:ctwc fens, This image behaves as an
_object for the eyepicce. The eyepiece forms a magnified
wirtual image {3 a considerable distance from the objective P ,
lens: 13.26. This enlarged virtual image makes an angle 4 ey
at the eyepiece. L
The magnification of a telescope is given by the formula

Rays
Irom
disiant
ohject
P
Q

L w7
M= f Fig: 13.26. Ray
.

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
Ao revealed that Earth was not the center of the universe.
i 3 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 Gfﬁlllmns 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 unwerse‘f \

13.10 [hL humun eye and defect in vision
The l;uman eye 18 one of the light-sensitive organs. It enables
usto see the beautiful world and the colors around us. The
Imman eye uses a convex lens system to form a real,
- nverted, a small image of an object on a light-sensitive
Fig: 13.27 Anatomy of " gereen called the retina. The eye lens is comprised of a
a normal eyp fibrous, jelly-like material; Fig. 13.27.
N The curvature of the eve lens can be adjusted to some extent
by the ciliary muscles that change its focal length. When the
ot muscles relax, the lens becomes thin, Thus, its focal length
AN increases. This refractive effect enables us to see distant
-5 J objects, When vou look at objects closer to the eye. the
m muscles contract. The eye lens then becomes thicker. Hence,
' * Ihe human T the focal length of the eye lens ::lccrcases. This refractive
convex lens and 580 effect enables us to see nearby objects clearly.

megapixel mngeanda. 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 se¢ 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 Myaopia
A person with khamighi mmm:b;r objects clearly but & ¢
cannot see distant objects di
A persen with this defect has a far pmnt nearer than infinity.
Such a person can see clearly up lo a distance of several
meters. In a short-sight eye, the image of a distant object is
formed in front of the retina and not at the retina itself. This. .
defect can be noticed when the lens is not thin enough to look " .
at distant objects. So the rays are bent inward too muchand ' i o

converge before they reach the retina. ; Fig: 13.28. () The far
By placing a concave lens or contact of El]:lpmpﬁi:ﬂﬂjipbwer 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 ontothe retina, and thus shori-sight eye fc)
can correct the defect. s correction of short-

Long-sight or Hyperopia i

A person with long sight can see distant objects clearly but
cannot see nearby objects disting Y i—
A person with this defect hhs a nearer point farther away
from the near-normal point (i.¢., 25 em). Such a person has
to keep reading material h&’yund 25 em from the eye for
comfortable reading. In a I{mg-mghl eve, the image of a
nearby objectis ﬁ;nrnwﬁ behind the retina and not at the retina
itself. Thls"ﬂﬂfect can be noticed when the lens is not thick
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
: gf 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. Cormcction for hypermetropic cye

Fig: 13.29.
SELF-ASSESSMENT QUESTIONS (@) Nenr-point of an eve
Q1: Why nearsightedness (myopia) makes far-away of a normal person
objects look blurry? (h) long-sight eye

Q2:  What is the most commeon treatment for refractive  (¢) correction of fong-
error ﬁflﬁng-ﬂght‘? 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 amfm ail lie in
the same plane. This phenomenon is called the first law of reﬂechcrn.
The angle of incidence is equal to the angle of reflection {l c., xih—.-:f r). This is
the second law of reflection.
Some uses of a convex mirror are sunglasses, rﬂawnzwmn‘rpfs, and shaving mirrors,
Some applications of concave mirrors are rf:ﬂecturs. mnvugmg of light, and solar
cookers.
The driver uses concave or rearview mirrors 'm view an upright, smaller, and
full vehicle image.
The dentist uses a concave mirror to .wt the tooth is larger and if there is any
infection or germ attack.
A ray of light incident at an anglﬂm the n{mnal bends towards the normal when
it enters an optically denser medium.
A ray of light bends away from the normal when it énters a rear medium.,
The angle of incidence mdtqa*ﬂs.es the refracted ray in the rarer medium to bend
through 907 is called the critical angle.
If the angle of mcfda‘ﬂme in the denser material is beyond the critical angle, the
entire light is r:ﬁbgtc:d into the same denser medium.is called total internal
reflection.
Dptlcal ﬁﬁcrs’ are an important application that works on total internal
reﬂefraﬂn.
Convex lenses are used to converge the light.

- Concave lenses are used to diverge the light

Tl'm power of a lens is the reciprocal of its focal length.

The magmfymg glass uses a convex lens to produce an upright and magnified

image 1o see the tiny object.
The camera uses a convex lens to reproduce a small, inverted, and small image
on photographie 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 optical instrument is the ratio between the appamﬂt
size of an object and ifs true size. /
The compound microscope is an optical instrument that uses two c::-nvaﬁ%hﬁts
used to mvestlgate the structure of the tiniest obj jects. -

The telescope is also an optical instrument that is used to f'uﬂn“magmﬁed
images of distant objects. 7~ o

The human eye is a light-sensitive sense organ. R

The short-sight person can see nearby objects -:.:lie::ar]}»r Hl;t%aannut see distant
objects distinetly,

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

The long-sight person can see distant nh]m.ﬁ cT&rij,r but cannot see nearby
objects distinctly.

The long-sight defect can be corrected. by??amng a convex lens or contact of
appropriate power in front of the ﬁ:c.- .-
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ESIIIYTY) Multiple Choice Questions (MCQs)
Chowse the correct answer fmm:m"'fuutlﬁ'ing chojces:
1. In a concave mirror, the image size depends upon
(a) Size of the object (b) Position of the object
(c) Arca covered by the object  (d) The shape of the object
In the nt;-rllglai_ﬁilman eve, the image is formed

L)
=

(a) 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
N \CEL] Perpendicular to normal (b) Parallel to normal

. (c) Toward normal (d) Away from normal
s o M. In a compound 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
(c) Telescope (d) Microscope
8. A magnifying glass forms an enlarged
(a) Real and upright image (b) Real and inverted

(c) Virtual and upright image (d) Virtual and mwrted"lrx-mgb
9, The entire light is reflected into the same denser mcdlum.tvﬁu.cﬁ is called total

(a} External reflection (b) Internal reﬂm:t[tm
(¢) External refraction (d) Internal refraction
10, 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 Fo S
(a) Enduschpe by Compound microscope
(¢) Simple microscope Iﬂ}Teleampe
12. The defect in which the mmge is '&)rn‘ied beyond the retina is called,
(a) Long-sightedness . (b) Short-sightedness '
() Blind spotting (d) Image defect
13. The short-sightedness f.ap;hl.‘ corrected by using.
(a) Convex glasses. (b) Convex mirror
(¢) Concave mitror (d) Convex glasses
14. Lenses ﬁrnn_lmagﬁ; through
(a) Dis @1 (b) Refraction
[Q}DL (d) Reflection
15. To ﬂlui'mnale ﬂlv: inaccessible places in the tooth, dentists use
-(a) Concave mirror (b) Convex mirror
(5‘3 Convex lens (d) Concave lens

- @EFTYD) Structured Questions

1. a. What do you understand by the term reflection of light?
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 ik, The angle of reflection.
d. Also, express the laws of reflections.
2. MName thf: 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 refractlm
Also, express the laws of refraction.
4. a. What do you understand by the refractive index of a matatmli
b. Cite experimentation on how you can determme the mfmctwe index of a
parallel-sided glass slab?
¢. Which physical quantity remains unaffected when :‘E;ﬁ‘ﬁctlﬂn of light nceurs?
5. o What is the glass prism?
Ir. Describe the passage of monochromatic hght wys thrnugh a glass prism.
¢. Suppose a ray of light approaches th-:ﬂ.lrﬁace of the prism. What happens
when it enters the glass at the angle ofi’
i.  0°%with the normal
ii. 30" with the normal. Arﬁmr in terms of its change in the quantities of
frequen ¢y, speed, waqeienglﬁ and direction.
. @ What is the lens? \
b. What happens if a light ray paraIIel to the principal axis enters a convex lens?
¢. The convex lens is cnrmiﬂcrad a converging lens, Explain why?
d. Describe the pgwarhfa lens and its units.
7. a. Define critical angle.
. What do mmﬂéﬂtand by the term total internal reflection?
¢l Stala tl;e e:qndmﬂns required for a total internal reflection.
d. qu some practical examples of a total internal reflection in everyday life.
8. Determine the critical angle of light in a diamond? The refractive index of the
“diamond is 2.41,
9. w.'What are optical fibers?
. b. Describe how total internal reflection is used in an endoscope?
“10. a. Draw the ray diagram of a magnifying glass.
- Iy, How ¢an you use a thin converging lens as a magnifying glass?
¢. Give the magnification of magnifying glass,
11. With the help of a ray diagram, give the magnifying powers of the following
optical instruments:
i.  simple microscope or magnifying glass
ii. compound microscope
ii. refracting telescope



12. a. What is meant by the terms?
i.  short-sight, and ik long-sight
b. How can these defects be corrected? &
i.  short-sight, and il long-sight [
¢. Why is a normal eye not able to see the objects put closer than 25 cﬂf’*

ha T H ) 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 pDSItll.'ll'l and nature of the uﬁg (ﬂ 5T7¢m)
An image of a specimen appears to be 11.5 cm behind a 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 autumnﬁ:[arhas a radius of curvature of
400 m, Ifa bus is located at 5.00 m from ti’u;s mu‘ﬁhr find the image’s position.

nature, and size. (1.428m)
An object is placed 15 em away from a cﬁgwggmg lens of a focal length of 10 em.
Determine the position, size, and naﬂgxéﬂf the 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&a‘haw far is the object positioned from the lens?
(0.05¢m)
The angle of incidence fora tﬁyﬂf light from air to water interface is 40=. If the ray
travels through the '@jaterﬁwﬂh a refractive index of 1.33, calculate the angle of
refraction, N (28.8%)
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