S

SZzmoc A

£
3
A
R
N.
I.
N
G
0
u
=
c
(¢
"
E

How a
human eye
works?

After studying this chapter you should be ableto

+ describe the terms used in reflection including normal, angle of incidence, angle
of reflection and state laws of reflection.

+ solve problems of image location by spherical mirrors by using mirror formula.

+ define the terminology for the angle of incidence 8, and angle of refraction 8, and
describe the passage of light through parallel-sided transparent material.

v solve problems by using the equation sin 8, /sin 8, = n (refractive index).
v state the conditions for total internal reflection.
¥ describe the passage of light through a glass prism.

¥ describe how total internal reflection is used in light propagation through optical
fibres.

¥ describe how light is refracted through lenses.

¥ define power of a lens and its unit.

¥ solve problems of image location by lenses using lens formula,

¥ define the terms resolving power and magnifying power.

¥ draw ray diagram of simple microscope and mention its magnifying power.

v draw ray diagram of compound microscope and mention its magnifying power.
¥ draw ray diagram of a telescope and mention its magnifying power

¥ draw ray diagrams to show the form
eye and a long-sighted eye. ation of images in the normal eye, a shortsighted

+ describe the correction of short-sight and long-sight.
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D) coomice optcs
12.1 Reflection of light
12.2 Spherical mirrors

Geometrical optics is concerned
with tracing the geometrical paths
of light rays. Instruments that can
explore previously inaccessible
domains often open new doors to
understanding nature. For example,
astronomy owes its progress to the
12.8 Lens equation invention of the telescope, and
§ 12.9The human eye modern biology could not have been

B - 10 Angular magnification and simple created without the microscope. In
this unit we shall discuss the ideas

that govern the construction of
optical instruments such as these.
The direction of the path in which
light is traveling is represented as
+ ray by a straight line with an arrow
onit.

12.3 The mirror equation
12.4 Refraction of light
12.5 Total internal reflection

12.6 Refraction through a prism
12.7 Lenses
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} microscope
| 12.11 Compound microscope
- 12.12Telescope
. KeyPointsand Projects
| Exercise -

12.1 REFLECTION OF LIGHT

We see objects if light from it enters our eyes. Some objects such as the Sun,
electric lamps and candles make their own light. We call these luminous sources.
Most things that we see do not make their own light but reflect it from a luminous
source. They are non-luminous objects for example this page, teaching board and

the Moon,

Reflection of light is same as for other types of waves, such as reflection of water
waves in ripple tank. Most objects reflect a certain portion of the light falling on
them, mirrors reflect more light and in a regular manner. An ordinary mirror is
made by depositing a thin layer of silver on one side of a piece of glass and

Protecting it with paint. The silver at the back of the glass - acts as the reflecting
surface,

Sf.lppose that a ray of light is incident on a flat, shiny surface, such as the mirror in
Figure 12.1. The following terms are used in describing the reflection of light

I Incident say: the approaching ray of light.

I Reflected ray: the ray of light reflected from a reflecting surface.

" NOTFORSALE

The study of light is called optics. -




Eﬂ;& Geomedrical Opticy ¢ at which the incident ray strikes the reflecting m_mmmm By =

lit. Paint of incidence: the pot

. the IE' ie-::tfl 18 sur face at the pﬂint real if i I
il wn at right aﬂgtes to I of |
l-'-\u'. ”TIHH'-"I.- U'IE hne dl"a a ght ra-!l.s 3

position, the image would app

incidence. incident ray and the norm €ar on the
v. Anale af incidence (0 the angle between the ey d # geaa)y Il an s ot real, itis virtual ;ﬁ:r;l{;ld Stk isr
£ A ' (e of reflection (0,): the angle between the reflected ray and the normal, of a virtual image, nothing would bbEarbntic screena ;;feen at the position
¥l.ANgIC actually converging on the image position, Lij P am ety
S th e 3 - Light rays only appear as though
ey are diverging from the image location. This will becom
you recall and practice drawing ray diagrams you | M [N Cleanng
Normal Normeal and grade 8. g gradad e
v Reflectedray . iiont ray . Reflected ray
mﬁdem 12.2 SPHERICAL MIRRORS
- : Reflecting surfaces can also be curved,
E usually spherical, which means they form a
section of asphere. As Figure 12.2 shows, a Spherc
spherical mirror has the shape of a section
sliced from the surface of a sphere. If the Q
e ection: The laws of reflection describes the behavior of the inside sur acts of the mirror Is‘puhshed, it !s @
. 4 a concave mirror. If the outside surface is
incident and reflected rays. polished, it is a convex mirror. xion uft sp:ﬂerg
o it Law: Theincident ray, the reflected ray and the normal to the surface all = = : ped Wiio i
liein the same plane '
o Second Law: the angle of reflection 8, equals the angle of incidence 6;: '
Reflecting surface is concave, Reflecting surface is convex.
i o Centre of
12,12 lmage characteristics: We can completely describe any image by defining ' Girvakuie {orfg::e:} tt::r':rl;fu?;
four characteristics. . f=<Principat axts--Seessnaaernnnns P p cesnnsesSeaPrincipal axis
© The magnification is the ratio of the image size to the object size. If the R £ R : f |
et i E : i di f ius of
magnification is greater than one, the image is larger than the object. When t Curvature Curvature
isequal to one, the object and image are the same size. If the magnificationis :
less than one, the image is smaller than the object. :
0 The attitude of animage shows whether the image is oriented the same way as (a) A concave mirror and its centre of curvature, C, which is on the same side as the
the object (upright) or upside down (inverted) with respect to the object. reflecting surface (light is incident from the same direction as C). (b) A convex
s 5 irror and its centre of curvature, C. In this case, C is on the opposite side of the
© The image location (or position) is the di i d the i :
2 distance between the image an i flecting surface.
optical device — mirror or lens, T e
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Centre of curvature is the centre of the sphere with rad.i u? " (radiq.fs:f c.:urvature]
of which the mirror is a section, and the principal axis 15 a straight line drawn

through the centre of curvature and the midpoint of the,mmur e & kgl
Note that the principal axis intersects the mirror at right angles. Figures 12.3
dius of curvature for both concave

shows principal axis, centre of curvature and ra
and convex mirrors.

42.2.1. Focal Point znd
when light rays that are par
Follow the path of the inciden

focal length of concave mirror: Consider what happens
allel to the principal axis, strike a concave mirror,
t ray in Figure 12.4. The light incident ray strikes the
mirror at point A, The line segment CAis the radius of the mirror and, therefore, is
the normal to the spherical surface of the mirror at A. The Laws of Reflection tell
us that the light ray reflects from the mirror such that the angle of reflection 8,
equals the angle of incidence 8,. Furthermore, the angle ACF is also 6, because the
radial line segment CP Crosses two parallel lines. Since two of its angles are equal,
the (coloured) triangle ACF isan isosceles triangle; thus, sides CF and FAare equal.

=

K EURE 12,4 - Focal Length of concavemirio

— Incident Ray -——*‘——;1'_
3 Mae

.
-
........... B e
»*
-

C ..

-’

Mormal

ﬁ
Radius of
Curvature

1

When the incoming parallel light ray lies close to the principal axis, the angle of
incidence, 8, is small, and the distance FA becomes similar in length to distance
FP. Because 8, is small, CF =AF = FP. Therefore, FP = %2 CP and so point F lies halfway
between the centre of curvature and the pole P (or vertex) of the mirror. Point Fis
called the focal point (or principal focus). The distance from the focal point to the
poleP (or vertex) is called the focal length and is symbolized, f.
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mirror. Point Fi
Fis called the focal point because all the incideR’ for the spherical

parallel and close to the pri i
e principal axis ; nt light rays that a
pass through that one point, such that of the mirror, reflect from the mirror anr:

F=gh W8 S| unit: m

(] z raocal Point and cal le gL W & g vy
! ) i 10f € VEX mirror ' igure 12 5 wlllcllshﬂws
er t 5

diagram is that a straight line drawn throu

ls:tri:;scects the mi rr:::r at ri_ght angles; hence, t::li:..:t;::._:: é“: sl::wature always
; ‘e at t_he ment of incidence, A. Since the incoming ra selchronti

principal axis, it follows that the angle of incidence #, isg el g

Therefore from the laws of reflection the angle of re:;"leczq mLto B3 =

ang!e CAF. We see then, that ACAF is an isosceles triangle m:; u': l:;t s

having equal length. Finally, for small angles the length C’F is appm;ime:till:ya::ul;t

to half the length CA=R; thatisCF=1%R
. | . =% R. Therefore, to thi imati
the distance FP (called focal length ‘") is also % R. i i)

SEIGU Focalil.ength of convex mirror

Reflected Ray

Focal *-..
“ Point &7, €
........... i bt
Fos
{—H

R y — cmey

Radws of
Curvature
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The minus sign in this expression 15 used

the mirror.

' js principal focus
or focal point

........

— [ —H
Focal length

The concave mirror has the ability to
converge the beam of light parallel to
principal axis. Therefore it is also
termed as converging mirror.

toindicate that the focal point lies behind

‘F' is principal focus
or focal point

& ™

Focal length
The convex mirror has the ability to
diverge the beam of light parallel to
principal axis. Therefore it is also
termed as diverging mirror.

\

After reflecting from the mirror, the rays converge or diverge a
from a single point called the focal poin

12.6.

12.2.3. Image formation and ray tracing for spherical mirrors:

s if they originate
t F (or principal focus) as shown in figure

Ray diagrams aré

used to show image formation in spherical mirrors.

1. Construct a figure showing the mirror and its principal axis. T

he figure should

also show the focal point and the centre of curvature.
2. Draw the object at the appropriate point. One end of the object will often lieon

the principal axis.

3. Draw four rays that arise from the tip of the object:

NOT FOR SALE

R comasictony B
(a) The A - ray (parallel ray hittin

z : 8 mirror at point A) is i
After reflection, this ray (or its extrapolation) pa ) ':hl:lﬁu;::]: :a:alle:. to the axis.
i & focal point.

(b) The F - ray (focal ray or its extr ;

; : apolation) pas: ough

reflection, this ray will be parallel to the ams] sl the focal point. After
{c) The P -ray (pole ray or its extrapolation) is incident

vertex, reflects making an equal angle with the axis (si
mirror).

(d) The C -ray (central ray or its extrapolati ce

: tion) passes through
curvature of the mirror. After reflection, this ray passes back th::: “:: .n'tre o
T, . gh the tip of the

These four rays are called the principal rays. Other rays can also be drawn but we
prefer the'principal rays because they are easier to draw, Maost of the time we draw
only two of the principal rays.

on the mirror at its pole or
nce the axis is normal to the

4. The point where the focal, parallel, pole and central rays (or their
extrapolations) intersect is the image point. This point may be in front of the I
mirror giving a real image, or it may be necessary to extrapolate the rays back
behind the mirror to locate a virtual image.

5. This ray-tracing procedure can be repeated for any desired paint on the object.
Thus, locating other points on the image, it is usually sufficient to consider just the
tip of the image but additional points can be used if needed.

Aray along the girection from the
focal point to the mirror is reflected
parallel tothe principal axis.

2. F ray parallel to the principal axis
is reflected through the focal point.

3. P ray incident on the vertex of the
mirror reflects at an equal angle to
the axis.

4. C ray along a radius is reflected L

back onitself.
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Gromedrical Optfied

FIGURE 12.8 Convex mire
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1.A-rayparallel tothe principal axisis reflected as if it came from a focal point.

2. F - ray directed toward the focal point is reflected parallel to the principal axis.

3, P-rayincident on the vertex of the mirror reflects at anequal angle to the axis.

4,C-rayalongaradiusis reflected back on itself.

Capturing solar energy with mirrors.
Parabolic mirrors are also used in one
method of collecting solar energy for
commercial purposes. Figure shows a
long row of concave parabolic mirrors
that reflect the sun’s rays to the focal —
point. Located at the focal point and ¥
running the length of the row is an oil- FRE
filled pipe. The focused rays of the sun
heat the oil.

In a solar-thermal electric plant, the heat from many such rows is used to generate
steam. The steam, in turn, drives a turbine connected to an electric generator.

NOT FOR SALE
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How automobile headlights Produce a
beam of light? Another application of
parabolic mirrgrg

R

N

T:- is in automobile
T !1eadl1 ghts. Here, however, the situation
¥ 1s reversed from th
R

| € Operation of a salar
| collector, In a headlight, a high-

intensity light source is placed at the
N| focal point of the mirror, and light
emerges parallel to the principal axis,

12.4 THE MIRROR EQUATION

Drawing light ray diagrams are helpful in explaining and predicting the i

of images formed in plane, concave, and convex mirrors Toﬂdemprqpemes
magnification of the image, and its position with precision it‘Is e nm:;ed the
very accurate scaled diagrams. The mirror equation on the other handsia:: pre;ias:

mathematical relationship between the obi
ject distan
distance for a given mirror. ce and the image

it The following quantities are im_:luded in mirror
O f=the focal length of the mirror

© h,=the height of the object

© h,=the height of the image

© d,=thedistance of the object from the mirror

O d =the distance of the image from the mirror

© M=the magnification of the image

To obtain this relation, we use the ray diagrams shown in Figure 12.9. The ray in
Figure 12.9 (a) hits the mirror at its midpoint, where the principal axis is the
normal to the mirror. As a result, the ray reflects at an angle 8 below the principal
axis that is equal to its incident angle 6 above the axis. Therefore, the two green

t!‘iangles in this diagram are similar, from which it follows that ratios of equivalent
sides of similar triangles are equal.
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El

i it isinverted.
The image height is negative because itisinve

12.9 rtha i i i iégram are
iti that the two yeul:"l'b' t IallglE$ inthisd

From jgure 14. b] itis clea

ol the ﬁg I [

; le .
imilar, since they are both right triangles and share the common angle ¢
also similar,

Thus, by using the same rule of similar triangles we get

ho _M—_@
-h f

-h
l &t do 2 f
- Comparing eguation 1 and equation 2, we get ;

=8

Toisolate ‘f", cross multiply d,f =dy(d,-f)

or df=dd,-df ~—{5)

, df _dd, df
Divide both sides of equation 3by d, d f, we get W = E(.‘TJ Jd,duf'

; : ates the
The final equation 12.4 above is known as the mirror formula. It rel mirror’s
distances of the object and the image to a concave mirror, in terms of the

focal length. The ratio of the height of the image to the height of the o
defined asthe magnification, M

d mirror equations for

real image, but the equations apply as wel| to convey m?r::::::i ::l: : meing .
if we use the sign conventions described below) -
{"12.3+1 Convention for mirror e
all of the possible properties
convention has been establishe

Quation and magnific
of both images and
dfor both cancaye and

2tion equation: To include
objects, the following sign

convex spherical mirrors,
a. Object distance:

© d, is positive for objects in front of the mirrar (realobjects)
b. Image distance:
© d,is positive for objects in front of the mirror (realimages)
© d,is negative for objects behind the mirror (virtual

c. Image attitude:

images)

© h,is positive for images that are upright, compared to the object
© h is negative for images that are inverted, compared to the object
d. Focal length:

o fis positive for concave mirrors
© fis negative for convex mirrors )

EIGURE 12.10 - Mirror comparison

¥

bl

a) i . ‘

(a) PlaE'le mirror image (no magnification). (b) Enlarged_tmage in a concave
mirror. (c) Reduced image in a convex mirror.

NOT FOR SALE
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Table 12.15ingle \"\ mﬁwom

d d | (a) Putting values in equation 1 ;
-_____I__.-—-- d =d, 5.00 FIGURE 12.11 - Example 12. L
MA d>0 (negative) Same size d, = ==X 12.00cm r
Plane o] 12.00¢m -5.00cm \h
| Red
5 d' - b mEd.
feezmmm - d>r ke inverted or d,= ______60.0ch
_ 7.00¢sh
d., =r d=r Same Size
| S Therefore  d, =8.6¢m
Enlargeqd ; :
n r>d,>f d>r inverﬁ;ed' Hence, the image is closer to the mirror, as
Concave = = shown in figure 12.11 (a).
d=f = 0 Image (b) Putting values in equation 1
f>d,»0 .. {ng%; t?;e) Enlarged o 5.00cm=10.00cm
' 710.00cm-5.00cm

——] - J' > dl >0 Red ¥

Convex - d,>0 (negative) hoad ; or d,= 50.0cm”

5.00¢/h
Hence d, =10.0cm —m

The concave side of a spoon has a focal length of 5.00 cm: Find the i . S0 the image distance is same as object
image distance for this ‘mi rror’ when the object distance is (a) 12.0 i3 distance , as shown in figure 12.11(b). g
cm, (b) 10.0cm, () 7.50cm, (d) 5.00cm and (e) 2.00 cm. (c) Putting values in equation 1

- : 5.00cmx7.50cm
GIVEN ’ (= Pt B o
REQUIRED ' 7.50cm-5.00cm

Focal length ‘f =5.00 cm. (a) Image Distance ‘d/ =7 _ 36 ot
(a) Object Distance du =12.0cm, (b] il'l'lﬂge Distance 'd1' =7 ar d[ = m—

(b) Object Distance ‘d,’=10.0cm (c) Image Distance ‘dr=i IS
(c) Object Distance ‘d,’=7.50 cm RS —
(d) Image Distance ‘d,’ =7

e
" Hence, the image distance is greater than

(d) Object Distance ‘d,’ =5.00cm : d’=?
(e) Image Distance g, =* _ object distance, as shown in figure 12.11(c).

(e) Object Distance ‘d,' =2.00cm

(d) Putting values in equation 1

. & -
SOLUTION: b'y mirror equation 1 = -.1. + i or . -1- = 1 = E" k- 5.Dﬂcm><5.mcm
f g 4 di e '~ 5.00cm-5.00cm
Takinglow 1 _do-f _ fd @ o g o000
A g, XM =1 _ " 0ch



Therefore d, =
in figure 12.11(d). The centre of ¢ - __m“
ence, no image i formed, as shown g ol Bidids neg‘-;r:;:tellre of a convex mirror i behind the m '
N M s 10.0(::"( 3 Irror therefore its focal
(¢) Putting values in equation & = 9 poem - 5.00cm ot 3.00¢#, BBy aligen, o oot -
2 d a
_3.33em — (R ¥
Therefore d, N g Solving for image distance 1 _ 1 1
f the image distance indicates 3§y lo N FHE e 21 ' d f d,

The negative sign 0
that the image is fol

Taking LCM

rmed on the other side of the | i¢ the object h €ight is 2 o 1 _d,-f 5 e
s d} fda [ d____—- f —-—@

mirror, asshown n figure 12.11(€) what is the image heighy i,
each case? What j 2
RRORE maghnification? ol Putting values d, = %BMEEE
‘ : : m—(-8.
A dentist uses a concave mirror with focal length 8.0m)
7.0 cm to examine some teeth. If the tooth under AN _M
 18.00

examination is 1.1 cm high and mirror is placed at "%
0.9 cm. Calculate the distance of image formed, §
the height of the image and magnification.

Therefore d, =-4.4m —m

The negative sign shows that the image is behind the mirror.

(c) For convex mirrors the magnificationis M= — .

o

. g -4.4m
Putting values M=- 10m Therefare M= +0.44 —m

The magnification is positive so the image is upright (same orientation as object

EXAMPLE 12.2: REAR VIEW MIRROR

An external rearview car mirror is convex with a radius of |
curvature of 16.0 m (Fig.). Determine (a) the focal length
of the mirror, (b) location of the image and (c) its
magnification for an object 10.0 m from the mirror.

S ' REQUIRED -
. which is useful) and about half what it would be in a plane mirror. Objects in the

(a) focal length ‘f’ =7

: : b convex mirror are closer than they a i

(b) image distance ‘d,’ =7 image that i S 5’ ppear because the convex mirror produces an

G i , ge that is reduced in size, which makes the object look as if it is farther away.
Therefore, the external rearview side mirrors on most cars carry this phrase

Object distance ‘d,' =10 m
Radius of curvature=R=16.0m

Solution: (a) radi j
(a) radius of curvature and focal “objects in the mirror are closer than they appear.”

length for convex mir
ror are r
il elated by

ASSIGNMENT 12.2: IMAGE IN A SECURITY MIRROR

A convex security mirror in a warehouse has a -0.50 m focal length. A2.0 m tall
forklift is 5.0 m from the mirror. What is the image position and image height?

NOT FOR SALE

1
f=ﬁER Putting values f=~116m'

Therefore  f=_-8.0m

NOTFORSALE
s — - ‘



12.4 REFRACTION OF LIGHT

raight lines in transparent material, such as air, if j
terial, such as water, it changes direction at the

bent.

Although light travels in st
passes into a different ma :
boundary of the two material i.e. it1s

Refraction of light js the change of

direction of light as it moves from one
material (called medium) to another.
Refraction of light is same as for other
types of waves, such as refraction ‘of
water waves inripple tank.

The following terms are used describing
the refraction of light

i. Incident ray: The ray of light appro

between two media.
i Refracted ray: The ray of light moving away from the boundary between the

aching the boundary (refracting surface)

two media.
iii. Point of incidencé: The point at which the incident ray strikes the refracting

surface.

iv. Normal: The line drawn at right angles to the refracting surface at the point of
. incidence.

v.Angle of incidence (8)): The angle between the incident ray and the normal

vi. Angle of refraction (8,): The angle of refraction ‘8, is the angle between the

refracted ray and the normal.

vii. ?t;c?"y -:lienser medium: Medium having a greater refraction effect (slower

speed of light); the actual density may or may not be greater.

:-, ;::'u?nfal:g:;tal: :fnft towards the normal when it enters an optically denser
s e if 1;5:{ :xample from air to glass as in Figure 12.14 (a). The angle
skt :1 D o an t.he angle of incidence 6, (8,-8,): A ray of light is bent

al when it enters an optically less dense medium, for example

1

NOT FOR SALE .

ight

Incident ray
S
Lesser optically Lesser
dense medium 8, ok ‘
i dense medium
(air
Greater optically ]
it g Greater optically
(glass) 8, (ﬂll:ﬁz{um
Refracted ray Incident ray

Aray travelling along the
normal direction at abo i
undary is not refracted
as shown

in figure 12.15 (a). Aray emergi
" 1 rging from a parallel-sided .
entering, but is displaced sideways, like the ray in fi:uret:l;:ltsb[;muel i

URET2.15 -I' Refraction of light
MNarmal Incident ray
Lesser optically eRent
dense medium
(air)
Greater optically
dense medi
Greater optically s[elﬂ-‘s i
dense medium Refracted ray o
(glass)
Lesser optically
: | dense medium
t B @9 Refrecedmy
T ; .
o verify the laws of refraction by using a glass slab. \\
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a. Refractivelndex{n}: s
Light travels at different :fspeed; ":atio e
optically transparent maten:lsa{,; B e
ight i divide
eed of light in vacuum et
:ip ht in a material is called the rs'.fractn.r.ﬂ.-lmThE
s of refraction) of the materat.

{or index pbluet
index of refractionnis given by
L 12.6
=
where c is the speed of light in vacuum (about

3.00 x 10°m/s) and v is the speed of light m.the
medium. The speed of light in 2 physical medium
such as glass is always l€ss than that the spr;ted of
light in vacuum . Thus, the index of refraction of
a material is always greater than or equa-l to 1,
and by definition the index of refraction of
vacuum is 1. Table 12.2 lists the indices of
refraction for some common materials.

b. Snell’s Law:

The amount that a light ray changes its direction
depends both on the incident angle and the
amount that the speed changes. For a ray at a
given incident angle, a large change in speed
causes a large change in direction, and thus a
large change in angle. The exact mathematical
relationship is the law of refraction, or ‘Snell’s
Law,” which is stated as ‘the product of the

index of refraction of the first medium and the ;

sine of the angle of incidence is equal to the
product of the index of refraction of the

second medium and the sine of the angle of
refraction’. Mathematically

-—- 12.7
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EXAMPLE 12.4: CROWN GLASS AND WATER

e e
1als
Material Index of
Refractiun
Gases
Air W
Helium TEW
Carbon dioxide | 1.00045
Liquids
Water :_33?_-_-‘
Methyl alcohol | 1.329
Ethyl alcohol 1.362
Glycerine 1.473
Benzene 1.50
Typical oil 1.5
Solids
lce 1.310
Fused quartz  [146 |
e e . bR
% 1.49
Typical glass 1.5
ﬂz______._ 1.544

Geometrical, Opticy

Here n, and n, are the indices of
refraction for medium 1 and 2,and B
and 9, are the angles between the ray;
and the perpendicular in medium 1
and 2, asshown in Figure 12,16,

Incident ray Normal
Lesser optically™.,
dense medium 1 B
(n,) A%

Greater optically
dense medium 2 VY

o i
= ffF:*'-'é'.tf.-‘.ta,‘

EXAMPLE 12.3: SPEED OF . LIGHT: IN WATER

What is speed of light in water having index of refracticnas 1,337 w

GIVEN

) REQUIRED
Speed of light in vacuum ‘¢’ = 3.00=10°m/s

Speedof light in water'v' =7
Index of refraction for water ‘n"=1.33

SOLUTION: The index of refraction is c c o . ¢
d n
&m
1.33

Therefore v =2.26x10° "ys ——m

Therefore the speed of light in water is 2.26 x 10" m/s

ASSIGNMENT 12.3: INDEX OF REFRACTION FOR KEROSENE OIL

If the speed of light in kerosene oil is 2.08 x 10° m/s, calculate the index of
refraction.

Light travels from crown glass (n, = 1.52) into water (n, = _1.3‘3]* The ?ng'le of
incidence in crown glass is 40.0° .What is the angle of refraction inwater!

i NOT FOR SALE




REQUIRED

GIVEN =152 |
Angle of refraction 8, =7

S £
Index of refraction for crown glass N

tion for water in'= 1.33

Index of refrac
Angle of incidence 8= =40.0°

aw n,sing, =M sind, or NysinB, =n, sing
1

SOLUTION: By snell’s |

LA .
Putting values sin@,, = ——sin40°

sind,, = nﬂ“—sinﬁs =133

w

or SH]BH' = 0 ?35 and GH‘ = Sin_1 G.?35

Hence 8, =47.3° L Answer |
ght is moving toan optlcally l1ghter medium.

Note that 8_ > 8, since theli

Find the index of refraction for medium 2, lf medmm 1 is air with mdex of
refraction n, = 1.00, the incident angle is 30.0° and the angle of refraction is
22.0°. Compare the result with the table and identify the nature of medium 2.

RED MOON: Refraction is responsible for
the Moon appearing red during a lunar
eclipse. A lunar eclipse occurs when Earth
blocks sunlight towards the Moon. As a
result, you might expect the Moon to be
completely dark. Instead, the light from
the sun refracts through the Earth's

atmosphere and bends around Earth toward
the Maon.

Since Earth’s atmosphere scatters most of the blue and green light. Thus, mostly
red light illuminates the Moon. Because the Moon reflects most colors of light

equally well, it reflects the red light back to Earth, and therefore the Moon appears
tobe red,

__.—-.-.-—.-

Geowidrical Optics - h h.:;l
m1 - TloTAL INTERNAL REFLECTION oF Lygrre : '

The angle of refraction is larger than the a

amedium of a lower index of refraction,
an interesting phenomenon. As the an
refraction also increases.

ngle of incidence wh,
as shown in Figure 12,
gle of incidence incr

en light Passes intg
17 (a). Thisteads to
cases, the angle of

At a certain angle of incidence

known as the critical angle, 8,
the refracted light ray lies along Normag racted ray
the boundary of the two m‘edia, Lesser optically
as shown in Figure 12.17 (b). dense medium
When light strikes a transparent kaie)
boundary, even though much of Greater optically
the light is transmitted, some is dense medium
reflected. Total internal (glass)
reflection occurs when light y
traveling from a region of a Incident ray  Refracted ray
higher index of refraction to a W_ Normal
region of a lower index of Lesser optically |
refraction strikes the boundary dense medium i
at an angle greater than the (air) hﬂ'
critical angle such that all light :
reflects back into the region of et 3 B-M =
the higher index of refraction, Graatar opticaly y elmcecay
as shown in Figure 12,17 (c). dense medium
To construct an equation for the (glass)
critical angle of any boundary, h Normal
You can use Snell’s Law and Lesser optically ‘
substitute 8, =8_and §,=90°. dense medium
{air)
n,sinf, = n, sin90° //CD\
8 8,
since sin90° =1 Incident ray ¢ Refracted ray
Greater optically &
therefore n,sing, = n, dense medium
(glass)

NOT FOR SALE
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Geomefrical Opticy

Hence

. ; |

Thus we can define critical angle as ‘the sine of the critical angle is equal to the
index of refraction of the refracting medium divided by the index of refraction
of the incident medium.

Mo transmitted ray for 6, 2 6,

The two conditions required for total internal reflection to occur are as follows.

o The light must travel from an optically more dense medium into an optically
less dense medium.

© The angle of incidence must exceed the critical angle, 8,, associated with the
material.

Make a beam of light to enter a tank of

water from above and place mirrors
oriented at different angles to reflect
this beam of light. You will observe that
the beam that makes an angle of
incidence greater than the critical
angle will totally be reflected back.

LAB WORK

To find the refractive index of water by using concave mirror.

F]

EXAMPLE 12.5: CRITICAL ANGLE

Find the critical ang-[e for light traveling from glass (n = 1.502) to (a) air (n =
1.002) and (b) water (n=1.332)

==

GIVEN

index of refraction for ordinary glass ‘n,’ = 1.502
Index of refraction for air 'n," = 1.002

REQUIRED
Critical Angle 8, =7

NOT FOR SALE

Index of refraction for water ‘n.' = 1.332

e

MGW&#ML Optics :
GOLUTION: The critical angle is or 0, - sin’ n,

n

sin, = 2

n,

1
(a) When light goes from glass to air the critical angle is

5 n
0, =sin ' n“ Putting values 0, = sin 11.00
R 1.50

0= 415 —(Em
(b) When light goes from glass to water the critical angle is

il ,
0, =sin 'n—‘” Putting values @_= sin"]'_3§

3 1.50

. =62.5 — (el

Note that the difference in index of refraction for glass - air is greater than glass -
water. Hence light escapes from glass to air over less range of angles (00.0" to
41.8") as compared to water (00.0° to 62.5%). In general, if the difference
between indices of refraction values is large more light rays will undergo total
internal reflection.

ASSIGNMENT 12.5: CRITICAL ANGLE FOR POLYSTYRENE
What is the critical angle for light traveling in a polystyrene (a type of plastic

with index of refraction for polystyrene as 1.49) pipe surrounded by air (take
in};iex of refraction of air to be 1.00)?

-
a Dptical ff@:?'«}es: Light can be trapped by total internal reflection inside a bent
8lass rod and ‘piped’ along a curved path called optical fibre.
Various glasses and plastics can be used to make optical fibres. Optical fibre
transmits a beam of light by means of total internal reflection. Total internal
reflection can occur in any transparent medium that has a higher index of
refraction than the surrounding medium.
An optical fibre cable has a cylindrical shape and consists of three concentric
sectiu.ns: the core, the cladding and the jacket (Figure 12.18).
The core is the innermost section and consists of one or more very thin strands,
Made of glass or plastic. Each strand is surrounded by its own cladding, a glass or
Plastic coating that has optical properties different from the core,)

y NOT FOR SALE
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The boundary between the coré
and cladding acts as 2 reflector o
confine light that would otherwise
escape the core. The outermost
\ayer, currounding one or @ bundle
of cladded fibres, is the jacket.

The jacket is made of plastic and
other material layered to protect
against moisture, abrasion,
crushing and other environmental
dangers. As shown in figure 12.18
the light traveling through the
transparent fibre always hits the
internal boundary of the optical |
fibre at an angle greater than the |3
critical angle, so all of the light is
reflected and none of the light is
transmitted through the boundary.
Thus, the light maintains its
intensity over the distance of the

fibre. l

Light sent into one end of an optical fibre like
those shown here is transmitted to the
opposite end with tittle loss of light through
the sides of the fibre.

ENDOSCOPE
An endoscopy is a procedure where the
inside of our body is examined using an
instrument called an endoscope,

An endoscope -is a long, thin, flexible

Surgical techniques have been revolutionized by the i
use of optical fibres. In arthroscopic surgery, a small '
furgical instrument (several millimeters in diameter) .
is mounted at the end of an optical fibre cable which ¢
allows light to be shone on the internal area and the i
reflected light to be viewed by the surgeon. The |
slurgean can insert the instrument and cable into a v
lﬂl_“t.- such as the knee, with only a tiny incision and k
?‘"'mal damage to the surrounding tissue.
onsequently, recovery from the procedure is k-

relatively rapid com
: pared to recovery from traditional
surgical techniques, 2 ! -

=m=l:0-u O_I -'Z-O‘U

tube that has a light source and camera
at one end. Images of the inside of our
body are displayed on computer monitor.
Endoscopes can be inserted into the body
through a natural opening, such as the =y

mouth and down the throat, or through W

the bottom. An endoscope can also be

inserted through a small cut (incision) made i i :
being carried out. : R R
Endoscopy can also be used by engineers to light up some
awkward spot for inspection.

Picture shows a colonoscope revealing a benign .
{noncancerous) polyp attached to the wall of the colon
(large intestine). Polyps that can turn cancerous or grow
large enough to obstruct the colon are remaoved surgically.

1246 REFRACTION OF LIGHT THROUGH PRISM

Prism i 5

light :te: transparent optical element with flat, polished surfaces that refract

Exac't 4 east two of the flat surfaces must have an angle between them. The
ngles between the surfaces depend on the application.

I:in:s:j;tmm{l geor1‘1etrical shape is that of a M

rectangul,; IIJr‘rsm with a triangular base and

i "'5'!dESassh0wninfigurE 12.19.)

shﬂwnvil::oz of light through prism: In the prism

through thge r:1 2.20(a), the incident light ray travels

2lass The 1 ir and enters the left side of the
ight bends toward the normal in the glass,

€cause glass h
as a higher index of refracti ical
density) than e ke fraction (optica

P |
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When the light leaves the glass and emerges ko i ?ir on the other side of the
prism, the light is refracted away from the normal. Iw.lotnce that the direction of the
, ass is different from that of the light entering it. The change iy

light leaving the 8 ; :
direction of the light s it passes through the glass is known as its deviation, The
o is called the angle of deviation, 8., as shown in figure 12.20 ()

amount of chang e )
You can determine the angle of deviation for any shape of prism by applying Snell’s

lawateach air-glass interface. |
FIGURE 12.20 - Deviation of light through'prism

Glass prism Glass prism

Angle of deviation

Refracted
light

Incident
light

Refracted
light

Incident

light

b. Dispersion of light through prism: When sunlight (white light) falls on a
triangular glass prism as in figure 12.21,-a band of colours called a spectrum is
obtained. The effect is termed dispersion. It arises because white light is a
mixture of many colours; the prism separates the colours because the refractive
index of glass is different for each colour (it is greatest for violet light).

FIGURE 12.21 - Dispersion of light through prism-

Glass prism

Red

Normal Houmet Red j Orange
2 light

s Green

- i Blue
White light Violet Indig0
LAB WORK RNy
g[eﬂf

T
o trace the path of a ray of light through glass prism and measure the an

deviation.

Geometrical Opties
12.7 LENSES

Alensisa piece of transparent optical material that A

light by refraction. Lenses are made from materials such : r disperses a beam of
are grounded and polished or molded to a desired shape. A t5 glass or plastic, ang
form animage. - Alens can focus light to

£ach of a lens’ two faces is part of a sphere and can be convex or

tace may be flat). If a lens is thicker at the centre than the edges ‘;::'cave (or one
converging lens since parallel rays will be converged to meet at ;he : a convex or
which is thinner in the centre than the edges is a concave or di im‘ Alens
rays going through it will be spread out. il bl

FIGURE 2223 5ﬁ£g_\é1_9 and: Convex lens

Curvatisi-

<R
Principal /7
“ Axis  { \

| Vertical Axis .

Like mi ' ;
pa;i:'vlrmrs, lenses have a principal axis perpendicular to their surface and
g through their midpoint as shown in figure 12.22. Lenses also have a vertical

axi 3
is or principal plane through their middle. The centre point of the lense s called -

optical
o centr.e and denoted by 0. There is no real centre of curvature, 50 2Fisused
note twice the focal length.




e LS e 2 that enter parallel to the principa|
b m::i;nf ncipal focus or focal point. Since the rays of light can enter the lens
called pl; depathE“’-' is a principal focus or focal point on the principal i o
each side of the [ens After refraction from lens, the rays converge or diverge 5 ¢
e A single point called the focal point F (or principal fU'CuS] %
they “'::‘ figure 12.23. The distance from the vertical axis to either of the focal
points s called the focal length of the lens-

12.7.1. image formation and ray traciﬁg for lenses: Ray diagrams are useqd b
mc;wmiefannatinninlenses. 74
1- Constructa ﬁghre showing the lens and the principal axis of the lens. The figure
sr'ml.d also show the focal points on both sides of the lens. |

2. Draw the object at the appropriate point. One end of the object will generally
lie on the axis. )

3. Draw three rays that emanate from the tip of the object:

(a) The A - ray (parallel ray hitting lens at point A) is initially parallel to the axis.

After passing through the lens, this ray or its extrapolation passes through one of
the focal points.

(b) The F - ray (focal ray or its extrapolation) is directed at the focal point {same

side for convex lens and the other side for concave lens). After passing through the
lens, this ray is parallel to the axis.

(c) The( .ray (origin ray or its extrapnlation} passes straight through the center of
the lens called origin and is not deflected. s
4, These three rays (figure 12.24) or their extrapolations intersect at the imas! &1&
the rays actually pass through the image, the image is real; if they do not,
image is virtual (just asin the case of images formed by a mirrar).

FIGURE 12:24- Image j‘.ormaﬁc-n by concaye and qq;_?yg;(':-§9n§es

\when a lens forms
lens.

12.8 THE LENS EQUATION

p calculate the precise location ar@ﬁze of the image formeq by a lens, we
equation that is analogous to the mir e

ror equation. The lens equation is
mathematical relationship betwe g

. . en the object distance and the image
distance for agiven lens. This formula is accurate only if the thickness of the lens

is small compared to its diameter.

areal image, the obfect ang image are on OPposite sides of the
; es of t

The following quantities are included in lens formula:
o f=thefocallength of the lens

o h,=the height of the object

o h =the height of the image

o d,=thedistance of the object from the lens

o d =thedistance of the image from the lens

© M=the magnification of the image

This equation can be derived by referring to Figure 12,25, \:-'hi-::h shows the image
produced by a convex le

e e e e

2.25 (a) hits the lens at its midpoint, where the principal axis s
? normal to the lens. As a result, the ray refracts at an angle B below the
lpnndpal axis that js equal to its incident angle 8 above the axis. Therefore, the

E‘:E‘green triangles in this diagram are similar, from which it follows that ratios of
“alent sides of similar tri angles are equal.

The ray in Figure 1

| - 3
=l AR




BT coomeiice opis
The image height is taken negative beca

From the figure 12.25 (b) it is lear that the two yellow triangles in this diagram
re both right triangles and share the common angle p,

of similar triangles, we get

useitis inverted.

are also similar, since they a
Thus, by using the same rule

- ili— = __if——- ——-—@
hl d: e f
A d,’. -f
Comparing equation 1 and equation 2, we get e 'd——F
Toisolate ‘f”, Cross Multiply d,f=d,(d- N

Gf=dd-df —Q

df A4 &S
A df T ddS Adl

Divide both sides of the equation 3 by dodif

A

3
d,

~|=

L
dﬂ

The final equation 12.9 is known as the lens formula. You will probably recognize
this equation as the mirror formula. Because the lens and mirror equations are the
same, the equation is often called the mirror/lens formula.

The ratio of the height of the image to the height of the object is defin
magnification, M. From Equation 1, we see that

ed as the

- 1 a

We derived the magnification and thin lens equations for a convex lens fﬂfm'"?ng
real image, it can be used to calculate the image properties of both conVEl'fow.

 lensesand diverging lenses, provided we use the sign conventions described b€ 4

; ; rties
12.8.1 Convention for the lens equation: Toinclude all of the possible F'r_"'pe
of both images and objects, the following sign convention has been estabtish

o

L

.

\

D oo

\|

B

o —— '!‘ A
- \‘ ﬁ‘
&‘

T

i object distance:
o d.ispositive for real objects (from which light diverges). y
b, Image distance: "
i tive for real images (i e
: zg:e?::;i ges (images on the opposite side of the lens from the
o d, is negative for virtual images (images on the same side of the lens as the
object).
c.Image attitude:
o h is positive for images that are upright, compared to the object
o h,isnegative forimages that are inverted, compared to the object
d. Focal length:
o fis positive for converging (convex) lenses.
o fis negative for di verging (concave) lenses.

12.8.2 Power of lens: T_he degree -of convergence or divergence of light rays
falling on lens is called power of lens. Instrument makers often quote the power of

" a lens rather than its focal length. The power of a lens in diopters D,is

given by the equation

where f is the focal length of the lens expressed in metres. Eyeglass lenses are

typically characterized in terms of diopters. The power of alensin diopters should

not be confused with the familiar concept of power in watts. [t is an unfortunate

fact that the word “power” is used for two completely different concepts. If you

?fxamine a prescription for eyeglasses, you will note lens powers given Tnldiopt_ers.

asYDu examine the label on a motor, you will note enersy consumption rate given
apower in watts.

T _ : :
0 determine the critical angle of glass using asemi circular slab and a light ray

box/or by prism,
Tofi
find the focal length of a convex lens by parallax method.
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EXAMPLE 12.6: IWAGE DISTANCENN CONVEXLENS.

“ Arg‘-n lens of focal length 10.0 cm forms images of an object situated at
various distances. (a) If the object is placed 30.0 cm from the lens, locate the
image, state whether it’s real or virtual, and find its magnification. Repeat the
pmb'lf.:m (b) when the object is at 20.0 cm and (c) when the object is 15.0 cm
from the lens (d) when the object is 10.0 cm from the lens and (e) when the
object is 5.00cm from the lens.

GIVEN

Focal length ‘f* =10.00cm.

(a) Object Distance ‘d,’ = 30.0cm,
(b) Object Distance ‘d,’=20.0cm
(c) Object Distance 'd,' = 15.0em

(d) Object Distance ‘d,’ = 10.00cm
(e) Object Distance ‘d,’ =5.00cm
REQUIRED

(a)Image Distance ‘d," =7
Magnificatioﬁ M=?

{b) Image Distance ‘d’ =7
Magnification M=

(c) Image Distance ‘d' =7

MagnificationM=?

(d) Image Distance ‘d,’ =?
MagnificationM=?

(e) Image Distance ‘d,’ =7
MagnificationM=1

SOLUTION: by mirror equation

S [OT 1 1
ﬁd+ o

1 1
f (] dﬂ dl ? d
1 —

..
n

i 10.0cm = 30.0cm & 300t
'~ 30.0cm-10.0cm P 20

Therefore dl' =+15.0m_m
9 __15em

do 30cm
Therefore M= —0.500

The magnification formulais M=-

As shown in figure 12.26 (a) and the answers in this example it is confirmed that

when the object distance is greater than twice the focal length (d, > 2f), for
convex lens i

o theimage distance is less than twice the focal length, {i.e 15cm <20cm)
o theimage isreal, (distance positive)
o theimage is inverted, (magnification negative) and
© theimage is smaller than the object. (magnification less than 1)
(b) to get image distance putting values in equation 1
g, - 10.0cmx20.0¢m 200cnT
= or B
20.0cm -10.0cm 10.00M

Hence d, = +20.0em —IED

The Magnification formulais M= d, 20cm

_d_._.____

,  20cm

Therefore  p—-1.00 — (NN

;'_:;':‘f?hn:: Wwhen the object distance is equal to twice the focal length (d, = 2f) as
18ure 12,26 (b) it is confirmed that for convex lens:
meimagetlistance is equal to twice the focal length (20cm),
the1mage isreal (distance positive),
: fl'nage is inverted (magnification negative), and .
Mage is the same size as the object [magniﬁcatiﬂl'l jsequalto1). .

NOT FOR SALE
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(c) to get image distance putting value:

s in equation 1

_10.0cmx15.0cm o 4, = 150cm”
' =15.0cm—10.0cm '~ 5.00¢M
Hence d,=30'cm__—m

The ification formula i M‘—'d—'__mcm
. n;.;-gnj cation for 5 d, 15cm

Therefore M =-2.00
e is less than twice the focal length but
d, < f) as shown in figure 12.26 (c), it is

Therefore, \ﬁhen the object distanc
greater than the focal length (2f <
confirmed that for convex lens: .
o theimagedistance is greater than twice the focal length(30 cm > 20cm),
o theimageisreal (distance positive),
o theimageisinverted (magnification negative), and
o. theimageislargerthan the object (magnification is greater than 1).

(d) to get image distance putting values in equation 1

10.0cmx10.0cm 100cm”
d=s—— or d =
1 =70.0cm—10.0cm T 0ch

Hence d =cw

The magnification formula is M= -ﬂ ., 2
: d, 20cm

Therefore M= —m

Hence, the result confirms that when the object distance is’ equal to the focal
length (d, = ) as shown in figure 12.26 (d) for convex lens:
© “noimage exists because the refracted rays are parallel. You could say that the
image lies at infinity. .

/I@iwm&himb Opfics , =2 .M:-_

[e) to get image distance puttiﬁg values in equation 1

_ 10.0cmx5.00¢cm

d =
'~ 5.00cm-10.0cm

or dr=50tm”
~5dn

Hence d, =-10cm _m

The magnification formulais M= _g __-10cm
dn 5cm

Therefore M= +2_m

Hence, the results confirms that when the object distance is less

i:f:.h but greater than zero (f > d, > 0) as shown in figure 12.6 (g;?';:rh:;,?f::
the image distance is greater than the object distance, (10cm>5cm)

the image is virtual (distance negative),

the image is upright (magnification positive), and

EXTENSION EXERCISE 12,2

Repeat the problem of
Example 12.6 for a diverging
lens of focal length 10.0 cm.

o
[+]
o
(-]

the image is larger than the object
(magnification is greater than1).

SSIGNMENT 12163 LENS COMPARISON
An object is placed 30.0 cm ir

S e 0.0 cm in front of a converging lens and then 12.5 cm in
Cﬂsesuf' a dwef?.‘ng lens. Both lenses have a focal length of 10.0 cm. For both
» find the image distance and the magnification. Describe the images.
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HOW/A CAMERA WORKS -

Orie of the simplest optical instruments is the  Aperture
camera, which often has only one lens to LB
produce an image, o even—in a pinhole ! \{
camera—no lens, Figure shows a simple 35-mm 4
ns to Shutter | Mirror
closed

camera. The camera Uses a converging le A
form a real image on the film. The image must
be real in order to expose the film (i.e., cause a
chemical reaction). Light rays from a point on
an object being photographed must converge
to a corresponding point on the film. A digital
camera has replaced film with a CCD (charge-

coupled device) array.

g
12,9 HUMANEYE "p8 -

“{[jve human eye is like a camera in its basic structure (figure 12.27), but is more
complex. The interior of the eye is filled with a transparent gel-like substance
called the vitreous humor with index of refraction n = 1.337. Light enters in this
region through the cornea and lens. Between the cornea and lens is a watery fluid,
the agueous humor with n =1 .336. The iris adjusts automatically to control the
amount of light entering the eye, similar to a camera.

The retina, which plays the

rle of the ilm or sensor in 2 AN HunanE e
camera, is on the curved back :
surface of the eye. The retina Lens b e
is composed of a many nerves
which act to change light Cornea —
energy into electrical signals Vitreous
that travel along the nerves to / " humor \
brain for interpretation.§ Aqueous # Optic nerve
L humor
Ciliary muscle

Iris

NOT FOR SALE

D oot

(ens of the eye (n =1.386 101.406) does little of the bendi

t of the refraction is done at the front surface of the :ormg of the light rays.
yithair The lens actsasa fine adjustment for focusing at dmenea at.lts interface
acwmpushed by the ciliary muscles, which change th rent distances, This
L length is changed. € Curvature of the lens so

is
hatits foca
focusona distant object, the ciliary muscles of
:;Dthi“' a5 shown in figure 12.28 (), and parallel ::;?;::ﬁ:xid and the lens
the retina). To focus ona nearby object, the muscles contract c;:cal point (on
of the lens to thicken, figure 12.28(b), thus shortening the f’O-cal I""B the centre
images of nearby objects can be focused on the retina, behind the n einfgth so t.hat
This focusing adjustment is called accommodation. ocalpokn.

et

Focal point of lens Focal point of le
and cornea and cornea =

Object at co

& | &)

e —

The closest di :

ki ::rdlstance at which the eye can focus clearly is called the near point of

“‘Umﬁ;od young adults it is typically 25 cm, as people grow older, the ability to
ate is reduced and the near point increases.

Agiven person’ int i
Clearly, Zinc:”: far point is the farthest distance at which an object can be seen
Point i we can focus on the Moon and stars, it is clear that the iR
: essentially infinity.
Y people b
Nfinity or have eyes that do not accommodate within the normal range of 25 cm
B ave some other defect. Two common defects are short-sightedness

tE' .
2

12,9 1 Short
\Man Bye ¢
Shnrter di‘e".ta

-s-i e B s

= fghtedhess_ In short-sightedness (nearsightedness or myopia), the

nceﬂcus only on nearby objects. The far point is not infinity but some
» S0 distant objects are not seen clearly.

NOT FOR SALE
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Short-sight .

e e e .
sometimes it is the curvature of the o=

cornea that is too great. In either case, -
images of distant objects are focusedin
front of the retina as shown in figure
12.29 (a). A diverging lens, because it
causes parallel rays to diverge, allows I
the rays to be focused at the retina as
shown in figure 12.29 (b) and thus can
correct nearsightedness.
12.9.2 Long-sightedness:

in long-sightedness (farsightedness of
hyperopia), the eye cannot focus on
nearby objects. Although distant
objects are usually seen clearly, the
near point is somewhat greater than
the “normal” 25 cm, shown in figure
12.30 (a). This defect is caused by an
eyeball that is too short or (less often)
by a cornea that is not sufficiently

curved. It is corrected by a converging @ 4

lens, shown in figure 12,30 (b).

4

Fl

12.9.3 Resolving power: Resolving power is the capacity of an jnstrument to
distinctively separate two points which are close together. The sharpness of
vision—in particular, the ability to visually separate closely spaced objects—is
referred toas resolution.

For example, in the first photowe see a bright light in the distance that may be the
single headlight of an approaching motorcycle or the unresolved image of oNe =
headlights on a car. As the car approaches closer, the separation petween the
lights will increase. As the car continues to approach, its individual headlights

become increasingly distinct, as shown in the third photo. 5o the two points aré
distinctively separated.

NOT EOR SALE

obj
. Ject at the near point N as in Figure

TURE 2031 Resolving the headlights of an approaching c ;
3 ’ | S kar

12.1 0 ANGULAR MAGNIFICATION AND SIMPLE MICROSCOPE

An optical instrument,  such as a magnifying glass, allows us to view small or
gistant objects because it produces a larger image on the retina than would be
possible otherwise. In other words, an optical instrument magnifies the angular
size of the object. The angular magnification (or magnifying power) m, is the
angular size g of the final image produced by the instrument divided by a
reference angular size 8. The reference angular size is the angular size of the

object when seen without the instrument.

Angular size of final image

roduced ical i
Angular Magnification = produced by optical instrument

Reference angular size of object
seen without optical instrument

FIGURE 12.32: SIMPLE MICROSCOPE

BJ’
e ——{_ :}
As..sume an object with height h,,
';ﬂthuut a magnifier, the largest angle
Ob‘;hat we can‘ attain and see the

ect clearly is when we place the

or m,

1

iri:gze (;!f}. We can get a magnified
e jus:r_\e ‘object by placing the
St inside the focal lengthof a
3 {b]g lens as shown in Figure
e ‘ If we look through the lens
enlargeq Tll:a?,e. we can see the

» Upright, virtual image.
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Figure 12.32 (a) shows that the angle subtended by the object without the
magnifier is given by

icular h
o Perpendi _hy O
base N

Assuming that the eye is next to the magnifying glass, the angular size as seen by
the eye asin figure 12.32 (b) is

dicular h, :
l‘.anl}" = PE_____rpE'ﬂ il —_= a—'—_( :}

base - A

where f is the focal length of the lens. We assume that the object is placed at the
focal length of the lens, so the image is at minus infinity. For small-angles tan8=9
and tan @’ = §'. Thus, by putting values from equation 2 and equation 3 in equation
1, the angular magnificationofa magnifier can be written as

m, - + d9 or
_ According to the thin-lens equation, d, is related to the image distance d, and the
focal length f of the lens by
1 1 1 1 1 1

Fod 4, g F o ®

putting values from equation 5 in equation 4, we get

1
m, =|<-—N
{f d']
Two special cases of this result are of interest, depending on whether the image i
located as close to the eye as possible or as far away as possible.
To be seen clearly, the closest the image can be relative to the eye is at the near

point, or d, = - N. The minus sign indicates that the image lies to the left of the lens
and is virtual. In this event, Equation 12.12 becomes

N
"11=d— —(:}

-]

/,” @mm Optics

i
1

Al

N
and m, = ? * ﬁ Therefore

The farthest the image can be from the eye is at infinity (di

. : A =<2 ); this occurs when
the object is placed at the focal point of the lens. When the image is at infinity

equation 12.12 can be written as

1 1
r'nu:[—-——le as l=O
f = o0

or My =|:~;;—U}N | Hence

$ INSEGT EXAMINATION
A biologist with a near-point distance of N = 26 cm,
examines an insect wing through a magnifying glass whose
focal length is 4.3 cm. Find the angular magnification &
when the image produced by the magnifier is (a) at the
near point and (b) at infinity .

GIVEN
Focal length of magnifying glass ‘f' =4.3 cm. REQUIRED

Near-point distance of N=26 cm Angular Magnification ‘m,’ =2

Object Distance ‘d,’ =1.1cm

FGLLITI ON: The magnification when the image is at near point for magnifying glass
is

+1

: 26cm
Putting values m, = A3

N
m, =—+1
f
~ Hence m, =7 .
The magnification when the image is at infinity for magnifying glassis

_ 26cm
Mo = 43cm -

Hence m, =6 _-m

™
© relaxed eye results in decrease in magnification of 1.0from 7.0t06.0.

N
m, = ? Putting values
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mﬂm Optley  ~ : m“k | 2 typicai situation shown in figure 12.35, the object to be examined is placed
ASSIGNMENT 12.7: JEWELER’S LOUPE jm only asmall distance beyond the focal point of the objective 'f,’, which means
An 8-cm-focal-length converging lens is used as a ‘jeweler’s loupe,” which is a : * = f,. The magnification ‘M, produced by the objective s given

)
|

, that d.
magnifying glass. Estimate the magnification (a) when the eye is relaxed, and S

(b) if the eye is focused at its near point = - h_r i = S f_ C
o @

[]

FIGURE 12.33 - Magnifying glass ‘ ] PR L e :
e T 3 ; ' FIGURE _1;' 35:= Comp 4 Eyepiece :
. : \ : ' lense
- % ! L y
~ AL - d; 4
¥ v

' Objecu:re lens
i Object

¥ I
. oo
12. 11 COMPOUNDMICROSCDPE |
To increase the angular magnification beyond that possible with a rnagnifyfng |
'glass, an additional converging lens can be included to “premagnify” the object

ore the magnifying glass comes into play. 3 | _ :
bef gnifyingg P | the eyepiece angular magnification m, by equation 12.12 (b) can be written as

LLCRCETINR R LRICE LU FIGURE 12.34 - Compound. Microscope _ g

instrument known as the Eyepiece m, = f_ _®
compound microscope. The - «

magnifying glass is called the
eyepiece and the additional
lens is called the objective as
shown in figure 12.34,

The overall magnification of a

o T—

The eyepiece acts like a simple magnifier. If we assume that the eye is relaxed,

J Since the eyepiece enlarges the image formed by the objective, the overall
' magnification ‘m’ is the product of the magnification of the objective lens, ‘M.’

times the angylar magnification ‘m,” of the eyepiecelens °

m=M,xm, —3)

Putting equation 1 and equation 2 in equation 3, we get

microscope is the product of
the magnifications produced
by the two lenses.




EXAMPLE 12,8: BIOLOGY LABORATORY

In biology class, a student with a near-point distance of N = 25 cm uses a

microscope to view an amoeba. If the objective has a focal length of 1.0cm, the

eyepiece has a focal length of 2.5 cm, and the amoeba is 1.1 cm from the .
objective, what is the magnification produced by the microscope?

GIVEN.

Focal length of eye piece ‘f.’ = 2.5¢cm.
Focal length of objective ‘f.” =1.0cm.
Near-point distance of N=25cm
Object distance ‘d,"=1.1 cm ,

REQUIRED

Total magnification ‘m’ =?

SOLUTION: The image distance d, for the equation 12.13 is not given, therefore we
will first find the image distance by using the thin-lens formula

l=_-l+l or l=l~—1= taking LCM lz__do‘fo
f;] ! (] dl' fa o di fdo
fod,
or d=-2tte -—@
da _‘fu

1.1cm=1.0cm 1.1em™

Putti l d=——"" —nto T

T T "~ 1.0an-1.1em, 2 -0.1cm,

d; =-11cm
o on : ! d N
The magnification formula for compound microscopeis ., m =——x?—
. o e
Putting values ml=— 1iem | 25cm

1.0cm  2.5cm

Therefore =-110 —W

“Thus, the amoeba appears 110 times larger and is inverted. If the amoeba is to be
viewed with a relaxed eye, the image formed by the objective should be at the
focal point of the eyepiece, which will then form an image at infinity. Therefore,

_thelength of the tube containing the objective and eyepieceisL=11cm+2.5cm=
13.5cmin this case.

e

ASSIGHMENT 12,8 EYE PIECE FOCAL LENGTH

= e

focal length of the eyepiece is increased, does the magnitude of the
magnification increase or decrease? Check your response by calculating the
magnification when the focal length of the eyepieceis 3.5 cm.

42. 12 REFRACTING TELESCOPE

A telescope is an instrument for magnifying
distant objects, such as stars and planets.
Like a microscope, a telescope consists of an
objective lens that forms a real image of the
object; and an eyepiece (also called the
ocular) is used to view this real image.

since the object is far away, the angular size
seen by the unaided eye is nearly the same as
the angle 8 subtended at the objective of the
telescope as shown in Figure 12.37.
Moreover, B is also the angle subtended by
the first image, therefore
0= _% —(@)
7 o
Here h, is the height of the first image and f, is the focal length of the objective. A

minus sign has been inserted into this equation because the first image is inverted
relative to the object and the image height h, is a negative number.

lense
Image formed by
objective lens
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As in the microscope, the image of the objective is the object for the eyepiece,
which is basically a magnifier. Thus, if the image of the objective is placed at the
focal point of the eyepiece, it will form an image that is at infinity, as indicated in

Figure 12.37. In this configuration, the observer can view the final image of the
telescope with a completely relaxed eye.

The angular size of the image formed by the eyepiece is approximately
h

u'f—@

To find the total angular magnification of the telescope, we consider the definition
of angular magnification as

b

m, = _______r_
R

LAB WORK

To set up a microscope and telescope.

EXAMPLE 12.9: WORLD'S LARGEST TELESCOPE |

The largest optical refracting telescope in the world is located at {
the Yerkes Observatory in Wisconsin. The objective lens has a *= "+
focal length of 19 m, and the eyepiece has a focal length of 10 cm. =2
(a) Calculate the total magnifying power of this telescope. (b) :
Estimate the length of the telescope.

GIVEN REQUIRED
Focal length of objective *f," = 19 m. (a) Angular magnification ‘m," =?
Focal length of eye piece ‘f, = 10cm. (b)Approximate length ‘L' =7

SOLUTION: (a) The magnification of telescopeis m, = —;
e

OT?I;T‘m Therefore —m, =-190 —m
NOT FOR SALE

Putting values =-

Geomidrical Opfics

(b)Fora relaxed’eye, the image is at the focal point of both the
objective lenses. The distance between the two lenses is thus

L=f,+f,=19m+0.10m

Therefore L=19m —m

which is essentially the length of the telescope.
ACSIGNMENT 12.9: ASTRONOMICAL TELESCOPE
A armical telescope has the following specifications: f, = 985 mm and

f. =5.00mm. From these data points, find (a) the angular magnification and (b)
the approximate length of this telescope.

€yepiece and the

The Beflection of Light: When light reflects from a smooth surface, the reflected 1
light obeys the law of reflection.

Spherical tirrors: Aspherical mirror has the shape of a section from the surface of a
hollow sphere.

The Mirror Formula: The formula specifying the relation between the object
distance d,, the image distance d,, and the focal length f of the mirror.

Refraction: The changing of a light ray’s direction when it passes through variations
inmatter.

Snell’s Law: The ratio of sine of angle of incidence and sine of angle of refraction is
constant for a given pair of media.

Total Internal Reflection: When the angle of incidence exceeds the critical angle,
all the incident light is reflected back into the material from which it came.

Lens: A transmissive optical device that focuses or disperses a light beam by means
of refraction.

Thin Lens Formula: The formula specifying the relation between the object
distance d,, the image distance d,, and the focal length fof thin lens.

Power of Lens: The degree of convergence or divergence of light rays falling on [
Short Sightedness: Defect of an eye so that distant object are not seen clearly.
Long Sightedness: Defect of an eye so that nearby object are not seen clearly.

Simple Microscope: A converging lens, which works by allowing an object to be
Viewed at a distance less than the near-point distance.

Compound M| croscope: Instruments for enlarging the detail that we cannot see
with the unaided eye, :
Telescope: Device m eant for viewing distant objects, producing an image that is
larger than the image that can be seen with the unaided eye.

NOT FOR SALE

v+ Z=0/m <mx "
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GROUP A *‘OPTICS’: Interview an optometrist, optician, or ophthalmologist.
Find out what equipment and tools each uses. What kinds of eye problems
are curable? What training is necessary for each career? Publish the
interview(s) in school magazine.

GROUP B ‘MUSLIM SCIENTIST™: The Egyptian scholar Alhazen (lbn-al- t
Haytham) studied lenses, mirrors, rainbows, and other light phenomena |
early in the Middle Ages. Research his scholarly work, his life, and his |
relationship with the Caliph al-Hakim. How advanced were Alhazen's |
inventions and theories? Summarize your findings and report them to the
class.

GROUP C 0(7;4:41_ FI8RES’- Prepare a chart presentation on the use of |
optical fibres/in telecommunications and medical field and present your
chart to classroom and display it in classroom.

GROUP D “MICROSCOPES AND TELESCOPES': Research the internet for
advance microscopes and telescopes. Prepare a presentation to be
presented in class.

B ——

e

GROUP E “TELESCOPE OR MICROSCOPE"-Buy few lenses and make your own
telescope or compound microscope of simple objects and donate it to the

school laboratory.

L P T e N

EXERCISE |
(@ If the angle of incidence is 30° the angle of reflection will be f
A 30° B. 45° C. 90" D. 210°

+

(@ When ris the radius of curvéture of concave mirror. Real diminished image |
will be formed when the object is at

A. d,>r B.d,=r C. r>d,>f D.d,=f
@ The focal length of convex mirror with radius of curvature 10 cm is
A. +10cm B.+5cm C. -10cm D.-5cm

(@) An object is placed 7 cm from a concave mirror whose radius of curvature
is 10cm, the image formed will be

A. real and upright B. virtual and upright

C. real and inverted D. virtual and inverted

Bll(@ Which one of the following materials will refract light more

= A. water " B.glass - C. air D. diamond

o = oY

“

_—

@ Aconvex lense with !ocal length 8.00 cm has the
§ A 2.05D B.4.00D C. 4990 Power of lens

i . D.16.0D
@ If the distance from your eye's lens to the retina s g
“normal eye, you will struggle to see objects thatare orter than for 5

HalioBty 8 coloful C. faraway D. moving fast

Who benefits more from using a magnifyi
PR ying glas
point is located at a distance away from tlfegey:_.: a person whose near

of
A.75ecm B.50cm C.35cm D 25cm
& The human eye forms the image of an object at its
A, iris B. retina C. pupil D. cornea

&) Which type of lens would you use to start fire from light from sun concave or

convex, would work best? At what distance from the lens shou
be held for best results? ld the paper

@ If a concave mirror . . 2
; produces a real image, is the image n .
_Inverted? Explain. 2 ge necessarily

@& Are rearview mirrors used in cars concave or convex?

@ .‘t&r ::jaiid?[n during a show makes a glass lens with n = 1.47 disappear in a
gh of liquid. What is th i iqui it

i e refractive index of the liquid? Could the liquid

@ Suppose that

o Yyou were handed a lens and a ruler and told to determine the

: al length of the lens. How would you proceed?

an we achieve total internal reflection from optically rare medium to
Optically dense medium?
Will a nears;

o ghted person who wears corrective lenses in her glasses be able

w:ee clearly underwater when wearing those glasses?
€N You use a simple magnifying glass, does it matter whether you hold

the object to b :
e examined closer to its focal length or farther
away? Explain. the lens than its focal leng

In blind turns on hill

Y roads, mirrors are used to help drivers. Are these
» Concave mirrors or convex mirrors? Explain.

Mirrors plane mirrors
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CDMPREHENSNE QUESTIONS
~ Give an extended response to the following questions

0 What is meant by reflection of light? State and explain laws of reflection

4] with diagrams.

ﬂ Derive spherical mirror formula.

What is meant by refraction of light? What is the index of refraction?

J| @ state and explain laws of refraction with diagrams.

© What is total internal reflection? How we can calculate the critical angle for
total internal reflection? What are the conditions for total internal
reflection?

d What are optical fibres? Give some applications of optical fibers.

a Describe the behavior for a ray of light after passing through a prism.

e"Derive thin lens equation.

© Describe power of lens and its resolving power. What are its units?

() How the human eye works? How the defects in the eye like short sightedness
and long sightedness be corrected by using lenses ?

Q What is a simple microscope? Using a ray diagram explain its working,
angular magnification and magnifying power. :

@ What is a compound microscope? Using ray diagram for a compound
microscope, mention its magnifying power.

@ What is a telescope? Using a ray diagram explain its working, angular
magnification and magnifying power.

L

NUMERIGAL QUESTIONS
@’ A1.50-cm-high object is placed 20.0 cm from a concave mirror with radius

of curvature 30.0 cm. Determine (a) the position of the image, and (b) its
size, also draw the ray diagrams.

Acandle of height 8.0 cm is located at a distance of 300 mm from a convex
mirror, its virtual image is formed behind the mirror at a distance of 3.0cm
from the pole (or vertex). Find the focal length of the mirror and height of
the image formed.

Calculate the speed of light in zircon with index of refraction n = 1.923,2

al B ; : _
material used in jewelry to replicate diamond

NOT FOR SALE
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NUMERICAL QUESTIONS ﬁ

o Alight ray strikes an air/water surface at an angle of 4¢°

with respect to the
anele of refraction f
d (b) from water to

normal. The refractive index for water is 1,33, Find the
when the direction of the ray is (a) from air to water an
air.

An optical fiber is made from flint glass with index of refraction 1 66 and i

surrounded by a cladding made of crown glass with index
of
1.52. What is the critical angle? e

Suppose the book page is held 7.50 cm from a Concave lens of focal length
10.0 cm and concave lens of focal length -10 cm. What magnification is
produced in each case?

Gulalai is viewing a flea using a magnifier with f = 3.0 cm. If her near paint is
at N=25 cm then calculate the maximum magnification she can get.
Atelescope has a magnification of 40.0 and a length of 1230 mm. What are th,“l\
the focal lengths of the objective and eyepiece? L




