RAY OPTICS
2.REFRACTION
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Refraction: The bending of light as it passes obliquely from one transparent
medium into another is called refraction of light.

In refraction. Light rays will travel from one medium to another medium. It
followstherelation £, Sing, =, Sing,

From Snell’slaw 4/ =t :ﬂ forair 14 =1
W sing,
_siné _sini
™ sng, sinr

. Absolute refractive index of amedium, ,u:E
v

Relative refractive index of second medium w.r.t first medium,
_H U _A

/e U, A

Total Internal Reflection: (1)The light ray must travel from denser to

rarer medium.(2)The angle of incidence in the denser medium must be

greater than the critical angle.

If Cisthe critical angle for adenser medium of absolute refractive index u

separated from vacuum or air then y = i

snC
If adenser medium of refractiveindex 14, is separated from ararer medium of
refractive index ,ulthen& :_i =4 where u, andu, arethe velocities of
K snC o,
light in the rarer and denser media respectively.
Optical fibre works on the principle of Total Internal Reflection.
: [A+ ij
sin 5
Prism: p=——————=
T
sin| —
2
For athin prism, 0= A(x-1)

The angle of deviation of a prism depends on  a) Angle of incidence
b) Angle of the prism and c) Refractive index of the material of the
prism.

Lens Maker’s Formula

1 (u_ _1j(1 +ij
fmed p‘m Rl RQ
R, R, — Radi of curvatures of the curved surfaces.

fi =(u- )(% +éj This is generally used for paraxial rays.

Focal Power: It is the reciprocal of focal length expressed in metres.

air
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Focal power (P) = Units: Dioptre (D)

(meter) (cm)

LONG ANSWER QUESTIONS

1.

A.

2.

A.

Construct thereflected wave front when a plane wave front isincident on a
planereflecting surface. Hence explain the laws of reflection. Why does an
expanding spherical wave continue to expand out ward from the sour ce?
Laws of reflection on the basis of wave theory laws of reflection
Laws:
1. The angle of incidence and the angle of reflection are equal.
Oi = Or

2. The incident light ray, the reflected light
ray and the normal drawn to the surface 2
at the point of incidence lie in a single
plane.

Explanation:Consider a plane wave
front AB incident on a reflecting
surface XY at an angle of incidence i as
shown.According Huygens’s principle,

1

every point on the wave front is a source X A |
of secondary wavelets.Let the secondary wavelets from B strike the
surface XY at A’ in a time t so that BA' = ct.During this time interval the
secondary wavelets from A reach the point B'.Hence the new wave
front of the reflected waves is A'B'.The rays 1, 2, 3 on the incident
wave front will be now 1', 2', 3.
In the right angle triangles ABA' and AB'A’, AA" is common.

BA' = AB' = ct

OABA' = JAB'A’
Hence these two triangles are called congruent triangles.Therefore

OBAA'=JAA'B,i.e.,

Oi = Or. where i and r are the angles of incidence and reflection
respectively.
This proves the first law of reflection.
Also the incident wave front AB, the reflecting surface XY and the
reflected wave front A'B' are all perpendicular to the plane of the
paper. Hence the incident ray normal to the reflecting surface and the
reflected ray lie in a single plane.
This proves the second law of reflection

Deduce the laws of refraction on the basis of Huygens’ wave theory.
Why the wavelength of a light wave smaller in a denser medium than
in ararer medium?
Laws of refraction on the Basis of Wave theory
Laws:
1) The incident light ray, refracted light ray and the normal drawn to the
refracting surface at the point of incidence lie in a single plane.
2) The refractive index of the second medium into which the light ray is
refracted is given by p :ﬂ Y
sinr 'V,




Where i and r are the angles of incidence and refraction. V; and V, are

the velocities of light in the rarer and denser media respectively.
Explanation
Consider a case where refraction takes place from a rarer medium to a
denser medium.
If V, and V, are the velocities of light in rarer and denser media
respectively then

Vi>Vs

Consider a plane wave front AB incident on a plane transparent surface
XY at an angle of incidence i as shown.
The surface XY separates a denser medium of refractive index p from a
rarer medium.
According to Huygens'’s principle, every point on the wave front AB is a
source of secondary wavelets.Let the secondary wavelets from B reach
XY at A" in atime t so that BA' = Vit. During this time interval, the wavelets
emitted from A travel a distance Vt.
The new wave front will be A'B' which is the refracted wave front.The

incident light rays 1, 2, 3 will now become 1', 2', 3'.
3

In the right angle triangle ABA',

. _A'B_ Vit
sini=——=—-—
AA'  AA
In the right angle triangle AB'A’ =
. AB' _ V,t
sinr=——=—%
AA"  AA
sini _V, _
snrV,
which proves the Snell’s law. 3
Experimentally it is proved that ﬂ is B’
sinr

greater than one

0% 1y, >v,

2
Hence according to the Huygen' s wave theory of light, light travels very fast
in the rarer medium and very slow in the denser medium. Hence the
wavelength of alight wave smaller in adenser medium than in ararer
medium.
Also the reflected light ray, refracted light ray and normal drawn to
the refracting surface at the point of incidence lie in the same plane.
This is the second law of refraction.

SHORT ANSWER QUESTIONS

1. A beam of whitelight passing through a hollow prism gives no spectrum
Explain?

A. Spectrum isthe combination of different coloured light rays. It is produced due to
different deviations for different colours.As the hollow prism contains air inside it,
the deviation is same for all colours. Hence spectrum is not produced when awhite
light passes through the hollow prism.

2. Definecritical angle and explain it with a neat ray diagram.



Critical angle: When alight ray travels from a denser medium to ararer medium,
the angle of incidence in the denser medium for

which the angle of refraction in rarer medium R
becomes 90° is defined as the critical angleof the g
medium.

Deducetherelation between critical angle and
refractive index.

When alight ray travels from a denser medium to
ararer medium, the angle of incidence in the denser
medium for which the angle of refraction in rarer R
medium becomes 90° is defined as the critical
angle of the medium.

According to Snell’ s law, refractive index of denser
medium with respect to the rarer medium is given

by
o sinC 1
Refractive index, D'UR:sinQOO = D,LJR:R
What istotal internal reflection? State the conditionsto be fulfilled for total
internal reflection.
The phenomena of reflection of light when light traveling in a denser
medium strikes the interface of denser — rarer medium at an angle greater
than critical angle is called total internal reflection.
Conditions for total Internal Reflection (TIR)
1. The light ray must travel i, i
from denser to rarer medium. .
2. The angle of incidence in the
denser medium must be
greater than the critical angle.

F

Describe the construction and working of an optical fibre. Stateits uses.
(March2010)

Construction: An optical fibre consists of three parts:

i) core i) cladding and iii) coating or buffer.

The central part of the fibre made of glass or plastic with
radius of the order of micromereis called core. The core is surrounded by alayer
made of glass or plastic called cladding. The cladding material 1) reducesthe loss
of light from the core to the surrounding medium 2) reducesthe scattering loss
from the surface of the core 3) protects the fibre from surface contamination and.4)
givesthe mechanical strength to thefibre.

The refractive index of the cladding material islessthan the
refractive index of the core material, so that total internal reflection takes place
inside the core.

The cladding is enclosed in another layer made of plastic called the coating or
buffer is used to protect the fibre from physical damage. It prevents wearing by
friction and scattering losses.

Principle : When light is incident at one end of ! | B I

the core at an angle called launching or 0 <

glancing angle a.as shown, it gets refracted : j 1

along OB into the core. If it isincident on core - ;}/J |/
the cladding interface at an angle greater then I Ic
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the critical angle, the light undergoes total internal reflection along BC. Thus light

travels only along the core of the fibre.
Uses: 1) Optical fibres are used to transmit communication signals through light
pipes. Therewill not be crosstalk and signals are transmitted with more clarity.
2.0ptical fibres are used in laproscopy, endoscopy etc.
3.The optical fibre sensors are used to measure temperature and pressure.
4.The optical fibre photometric sensors are used for measuring the blood

flow in the heart.
An iron ball covered with soot and held under wafer presentsthe appearance
of a ball of polished silver. Explain?
When aball coated with lamp black isimmersed in water the lamp black does not
get wet completely. A thin layer of air is formed between the sphere and water.
When light ray passing through water and incident on water — air interface, it
sufferstotal internal reflection hence the lamp coated sphere appears silvery.
An empty test tubein a beaker of water illuminated from one side present a
silvery appearance. Explain ?
When an empty test tube is dipped in water, alight ray incident on the water — air
interface suffers total internal reflection when the angle of incidence is greater than
critical angle. As aresult the test tube appears silvery when viewed from a suitable
direction.
A bubble of air coming out through water in a glass vessel appear silvery to an
observer standing by the side. Explain?
When alight ray passing through water incident on water air interface, it suffers
total internal reflection for an angle of incidence greater than critical angle. The
light rays inside the bubble reflected from the curved surface of the bubble which
behaves as amirror. Hence an air bubble inside water shines.
L ooking obliquely at a crack in a plane of glass, the crack appearssilvery.
Explain?
The crack on aglass sheet consists of air init. When it is viewed at certain angle the
light ray traveling through glass incident on the glass —air interface suffers total
internal reflection. Hence the crack appears shining.
A glasstumbler partially filled with water is held above the level of the eye and
then tilted. Beyond a certain tilt the surface will appear glittering. Explain.
When the partially filled glass tumbler istilted, beyond a certain limit the angle of
incidence becomes greater than critical angle, as the light ray travels from denser to
rarer medium total internal reflection takes place. Hence the surface appear
glittering

VERY SHORT ANSWER QUESTIONS:

Define absoluterefractive index. What isthe relation between therelative
refractive index between two media and the absolute reactive index of the
media?

Absoluterefractiveindex (u) : Itisdefined astheratio of velocity of light in

vacuum to the velocity of light in the medium. =<

Vv
When alight ray travels from a medium to the medium B, then the relative
refractive index of the medium B with respect to the medium A is defined as the
ratio of absolute refractive index of medium B to the absol ute refractive index of
medium A.
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He _CIVy _V,

PARSTARA

Where V, andV, are velocities of light in the media A and B respectively and C is
velocity of light.

Givetheratio of velocities of two light wavestraveling in vacuum and having
wavelengths 5000 A’ and 6000 A°

The velocity of light in vacuum is independent of wave length.C,:C, =1:1

For the same angle of incidence, the angles of refraction in three different
media A, B and C, are 30°,40°,and 45° respectively. In which medium will the
velocity of light be maximum?

oSS f= U SLEESN = =LAlsini

aAMe =

Ha =
= U < Uy <M andv Dl and hence V, >V, >V,
U

Hence velocity of light is maximum in the medium C.

Can absoluterefractiveindex of a medium beless than unity?
_Velocityof lightinvacuum _ C

Hatsoae velocity of lightinmedium  V

SinceC >V , absolute refractive index of a medium is always greater than one.
Can relativerefractive index between two media be lessthan unity?
For apair of two mediamediaA and B,

Ha

B

Relative refractive index of A with respecttoB is ;u, =

Relative refractive index of B with respect to A is , ; =—

If o4, >Lthen p; <1

On what factorsdoesthe critical angle depend?
Critical angle depends on the refractive index of that medium. Asrefractive index

() increases, critical angle ( C) decreases.

State the consequences of total internal reflection.

1) The sparkling nature of diamond is dueto total internal reflection.

2) The formation of miragesin desert is due to total internal reflection.

3) Optical fibre works on the principle of total internal reflection.

What isan optical fibre? Stateits principle.(June2010)

Optical fibre is atransmitting medium to carry the optical signal without any
appreciable energy loss. It works on the principle of total internal reflection

Why do diamonds sparkle?

The sparkling nature of diamond is due to total internal reflection. The faces of a
diamond are cut so that light entering into it suffers total internal reflection
repeatedly at different faces before emerging out of it.

Light travelsfrom denser medium to rarer medium. When the emergent ray
grazesthe separ ating surface what isthe angle of deviation?

When the emergent ray grazes the separating surface ,then the angle of refraction in
the rarer medium is r =90° and angle incidence in the denser medium is equal to
the critical angle (C) of the medium.
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12.

13.

O Angleof deviation D =r —i =g—C

When light undergoestotal internal reflection, what isthe angle of deviation of
thereflected ray?
When light undergoes total internal reflection,

Angle of deviation (D) = (180° - 2i) = 77-2i

A ray of light while traveling from a denser torarer medium grazesthe
separ ating surface. Expressthe critical anglein terms of the speed of light in
the two media.

According to Snell’slaw, reflective index of denser medium with respect to the

rarer medium, rﬂd:&:s__nr
M Sini

Herei=C and r =90°

0 He sn90 1

Hu snC sinC

But, ,ua&:>&:v—r
v tur Vd
Ve _i:>sinC:V—“:>C:sin‘1 Yo
v, sinC A Vv,

Mention any three uses of optical fibres.

1) They are used in communication network

2) They are used in medical equipments such as |aproscope and endoscope.
3) They are used as sensorsin industry.

SOLVED PROBLEMS

1.

A.

If the refractive index of glassis 1.5, find the velocity of light in glass (Ve ocity of
light in vacuum = 3x10°m/s)
H4=15c=3x10°m/s

8
3x10 =v=2x10®m/s

The absolute refractive index of glass. = ¢ (or) 15=
%

The refractive index of glass with respect to water is 9/8. If the velocity and
wavelength of light in glassare 2x10°m/ s and 4000A° respectively, find the
velocity and wavelength of light in water.

9 c
why =5 Vs =2x10°m/s; A, =4000A°% v, =?: A, =? and p=s

a) Therelative refractive index of glassw.r.t water,

U, = ,Ug Vw
D% 2;’;08 = v, = 2.25x10°m/ s
y A y
b) Wl =19 =Zw U :_andluW:_
’ luw Ag |: ’ /]g /]W
S A ) =a500n°

8 4000



A ray of light isincident on aglass slab of refractive index 1.5 making an angle of
40° with the surface. Find the angle of refraction in glass. (Velocity of light in
vacuum = 3x10°m/s).
i =90° -40° =50°; =15

=ﬂ =15= sir.150°

sinr sinr

Find the critical angle of adenser medium of refractive index 1.65 for its interface
with air.

=r =30°43'

L =1.65, but /,1:_i
sinC

Y7,
Find the critical angle for glass — water interface if the refractive index of glassis
1.50 and that of water is 1.33

4, =150, 11, =1.33,C =?

But’ &:i
K snC
~ gnc=t =138 _0gg57 - Cc=-6g28
4 150

If the refractive indices of glass and water with respect to air are 3/2 and 4/3
respectively, calculate the velocity of light in glass and water and from the resuilt,
calculate the refractive index of glass with respect to water. (Velocity of lightin air
= 3x10°m/s)

3 4
Hy =ik =330 =3x10°m/ sy, =2, =?

The absolute refractive index of glass, 4, = <
Vv
g

§_ 3x10°
2 V.

g

=V, = 2x10°m/ s

The absolute refractive index of water, 4, = <
v

w

3
4340 v, =2.25x10°m/ s
3,
o : _Hy v,
Refractive index of glass with respect to water, ,y, =—=—*
3

= 2210 g 15

2x10
A beam of light isincident on aglass slab of refractive index 1.5 3

making an angle 60° with the surface. Find the ratio of the
widths of the incident beam of light to the refracted
beam of light.

i =90° ; Angle made by the light ray with the

surface =90° —60° =30°
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11.

From Snell’slaw , ,uzﬂ
sinr
Angle of refraction, r =90°28'
widthof incidentbeam _ AB

Widthof refractedbeam  A'B

From figure,

cosi = %; AB = AA! cosi
1pl
cosr = %; A'B' = AA! cosr
Widthof incidentbeam_ cosi_  ©c0s30° _ 0.8660 0.9185

Widthof refractedbeam cosr cos19°28' 0.9428 1

Find the time taken by light to travel a distance of 3m in water. (Velocity of light in
vacuum = 3x10°m/ s, Refractive index of water = 4/3.)

But,u:&:Cm:&
C. m
O im :t:igxﬂzl.%xm's
C, 3x10° 3

The optical path of a monochromatic light is the same if it goes through 4.00 m of
glass or 4.50 m of aliquid. IF the refractive index of glassis 1.5. What isthe
refractive index of the liquid?

When light travels adistance x in a medium of refractive index , the distance ‘d’

that it can travel in vacuum during the same time is given by

This distance traveled in vacuum is called optical path.
For two different media, 14X = 14,X,
1.5%4 = 1, x4.5
o 1.5%x4
Refractive index of water, 1, = T =1.333

Find the thickness of atransparent plastic plate which will produce a change in
optical path equal to the wavelength A of the light passing through it normally the
refractive index of the plastic plateis .

When light travels a distance x in a medium of refractive index , its optical path
= ux
Changein optical path = zx—x =(u -1) x

D& (# 1)x

Thickness of the plate, x = A

M1
The wavelength of light in vacuum is6000A° . When it travels normally through
glass of thickness 2.0 cm, find the number of waves of light in 2.0 cm thickness of
glass.(Refractive index of glass = 1.5).
| =2.0cm=2.0x10"m; ¢ =1.5;1 =6000A° =6000 X10™"°m
Number of wavesin athickness | of amedium of refractiveindex u is
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13.

14.

Number of waveS= —M— = — =
wavelength A A

Where A isthe wavelength of light in vacuum and Ay isthe wavelength in the
medium

m

thickenss _ | _lu (D)l— /lj

-2
The number of waves = M =5x10*
6000x10

When light of wavelength 5000A° in vacuum travels through same thickness in
glass and water, the difference in the number of waves is 400. Find the thickness.

(Refractive indices glass and water are 2 and respectively.)

Difference in number of waves = /ll_( Hy = ,uw) where £, and 4, aretherefractive

indices of glass and water respectively.

3 4 _
H, ZE;'UW 25;/1 =5000A° =5000 x10™°m
1 408 '—m(g’ 4) =1 2
5000x10 2 3 5x107° 6

The thickness | =400x5x6 x10~" =1.2mm
The refractive index of a denser medium with respect to ararer mediumis 1.60. The
difference between the velocities of light in the two mediais 0.75x10°m/ s. Find
the velocities of light in the two media and their refractive indices. (Velocities of
light in vacuum =3.0x10°m/ s)

Relative refractive index of second medium w.r.t first medium

My = o 2% \yhere 4 and 1, aretherefractive indices, v, andv, arethe
bV

velocities of light in rarer and denser media respectively.

1,uz=—1:l6 and v, -v, =0.75x10°m/ s

V2
Solving, we get ,
v, =1.25x10°m/s and v, =2x10°m/s
c _3x10° _
Absolute refractive index of the first medium, y =—=——-=15
v, 2x10
c _ 3x10°
Absolute refractive index of the second medium, 4, =—=—+—-=24
v, 1.25x10

Find the angle at which light is to be incident on the surface of water so that the
angle between the reflected and refracted rays s equal to90°. (Refractive index of

water :ﬂ)
3

From the figure it can be seen that

i+r+90° =180° = r =90°—i \5/
1
From Snell’slaw, u= sini =

sinr K
sini _sini . t

_sin(900—i) " cosi
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16.

17.

= i=tan™(y) :tan‘l(gj =534

A parallel sided glass dlab of thickness 4 cm is made of material of refractive
index+/3. When light is incident on one of the parallel faces at an angle of 60° it
emerges from the other parallel face. Find the lateral displacement of the emergent

beam.
Lateral Shift:
d=i—r and RS =x

. X
sind R (or)
x=PRsin(i—1)....... (1)
CoS T = PQ_t 12 \ L
PR PR p—
t=PRcoSr............... (2) t
Dividing eq (1) by eq (2) ' %\ =

X _sin(i—r) o= =
t cosr

X:tsm(l—r)
cosr
sSini60

From Snell’s law of refraction. = . =r=30°
S

Now, Lateral shift = sin(i-r) =—~+_sin (60° -30°) = 2.309cm
cosr cos30
A liquid of refractiveindex 1.5 is poured into acylindrical jar of radius 20 cm up to
aheight of 20 cm. A small bulb islighted at the centre of the bottom of the jar. Find
the area of the liquid surface through which the light of the bulb passesinto air.
1

sinC

sinC:l
U

cosC = /1—i2
M

But from the diagram, TanC :%

Or r =hTanC = r= h
ue-1
2 mx(0.20)°
Area of the circular base = 1r° = Tzlh = (2 ) =0.1005m’
-1 15°-1

An optical fibre is made of glassfibre of refractive index 1.68. The outer coating of
the glass is made of material fo refractive index 1.44. What is the range of angles of
the incident rays with the axis of the pipe for which total internal reflection inside
the optical fibre takes place ?



A. Launching Angle or Glancing Angle

ST,

_sina

sinr
sina = Yy sinr
Butr+ C =90
(or)r=90-C
[ sina = Y2 sin(90 — C)
sina = Y, cosC

Mo _

2

—~_—snc=

W, snC

2
2 [[2_ 2
cosC = ]_—u_g :M
H; H,

VHS

M,

S sina = Jui- = sin’l(\/(1.68)2 —-(1.44)° ) (Ous 168 u= 1.44)
sin™(0.8653) = 59°55'

This isthe maximum value of i. All light rays with angle of incidence between 0°
and 59°55' will undergo total internal reflection.

18. A ray of light incident on the horizontal surface of aglassslab at 70° just grazes the
adjacent vertical surface after refraction. Compute the critical angle and refractive
index of glass.

A. Let AB be the horizontal surface of a glass slab on which the light ray incident at
an angle of incidencei and r be the angle of refraction. The light ray after

refraction along BD grazes the vertical face and emerges along DE. At the vertical
face the angle of incidence on the glass— air interface is the critical angle C.

sina =y,

InthetriangleBFD, r+C=90° = C=90° -r S
1 1 1
But, u=—+=— = = cosr==
sinC sm(90°—r) cosr u r
- D
\4
E

snr—m— 1 [,uj \/71

. . 2_
Then Snell’s law, ,u—ﬂ: sini = ysinr :Ll: U=1+sini

U
Or —1/1+S|n 700 —,/1+ 09397 =1.372

Osne £ — 1< 07280 = C=46%7"
u 1372



UNSOLVED PROBLEMS:

1. Whitelight forms a continuous spectrum of minimum wavelength 3800A°c

corresponding to violet light and maximum wavelength 7800A° corresponding to
red light. Find the minimum and maximum frequencies of white light

(c=3x10°m/s).

A. Minimum wavelength= A =3800A° =38x10°m
Maximum wavelength = A . =7800A° =78 x10°m
Velocity of light =C =3x10°ms™

But, C:n/l:>n:§

8
Maximum frequency = n__, = C - 3><10_8 =7.895x10"Hz
A 38x10
8
Minimum frequency =n,_, = C - 3x10_8 =3.846 x10" Hz
A 78x10

2. If therefractive index of diamond is 2.4 find the velocity of light in diamond.
(C=3x10°m/s)
A. Refractiveindex of diamond = y, =2.4

Velocity of lightinair =C =3x10° ms™
Velocity of light in diamond = V,
8
Hq -c =V, = ¢ 30 %0 x10° =1.25x10°ms™
V, U, 24 24
3. When light of wavelength 5000A° in vacuum passes through water. what will be its
wavelength and frequency if the reactive index of water is 4/3?

A. Refractiveindex of water 1, :g

Wavelength of light in vacuum = A, =5000A° =5000x107°m
Wavelength of light in water = A,

-10
Fromy, = j— =), =0 = M =3.75x107m = 3750A°

Frequency of light in water =n,,

3
3x10°_9 x10°ms™
4/3 4

8
onz Ve & 10 o g g0¢p;
A, 4 3.75x10

w

Velocity =v,, =

4.  Thewavelength of bluelight in air is 4500A° . what isits frequency? If the
refractive index for blue light is 1.55 in glass ,what will be the wavelength of blue

light in glass.(c:3><108m/s)
A. Wavelength of bluelight inair A, = 4500A° = 4500x107°m

Velocity of light = C =3x10°ms™
Freguency of blue light =n,FromC =nA,



A, 4500x107°
Refractive index of bluelight in glass = £ =1.55
Wavelength of bluelight in glass= A,

-8
O 2oy =2 :% = 29.03x10°m = 2903A°

Ay s
A ray of light isincident on a glass slab making an angle of 60° with the surface.
Calculate the angle of refraction in glass slab and the velocity of light in glassif the
refractive index of glass and the velocity of light tin air are 1.5 and 3.0x10°m/ s
respectively.
Angle of incidence =i =90 -60 =30°
Angle of refraction=r
Refractive index of glass= g, =1.5

Velocity of lightinair = v, =3x10°ms™

. - . - . O
From g, =300 s sinr =300 SN39 5333 1 =10%28"
sinr H, 15
8
From 4 Yoy =Y 230 e ms
9 9 15

Vg 'ug
The refractive indices of glycerine and diamond with respect to air are 1.4 and 2.4
respectively. Calculate the speed of light in glycerine and diamond. From these
results calculate the refractive index of diamond with respect of glycerine

(c:3><108m/s)
Velocity of lightinair = C=3x10°ms™
Refractive index of glycerine = ¢, =1.4
Refractive index of diamond =y, =2.4
Velocity of light in glycerine = v,
Velociyt of light in diamond = v,

C _3x10°

From, v, =— = =2.143x10°ms™

H, 1.

3

From, v, =€ 30 ) s5xagPms

Hy 2.4

L . . My 24
Refractive index of diamond w.r.t glycerine = 4, =~ =T =1.714
Hy

The refractive indices of glass and water are gandg respectively. Find the
refractive index of water with respect to glass.(June2010)

Refractive index of glass = 4 :g

Refractive index of water = u,, =g



Refractive index of water w.r.t glass= 4, =—*=—=0.8889
Hq

8. Therefractive index of glass with respect to water isg. If the velocity and

wavelength of light in water are 2.25x10°m/ s and 5400A° respectively find the

velocity and wavelength of light in glass.
A. Refractiveindex of glassw.r.t water , 1/, _H :%

Hy

Velocity of light in water =v,, =2.25x10°ms™

Wavelength of light in water = A, =5400A° =5400 x10™°m

Velocity of lightinglass= v,

Wavelength of lightin glass= A,

But’ & = /]_W = V_W

/'IW Ag Vg
-10
9 _5400x10 | A, =48x10°m = 4800A°
8 A
8
Ao, 922210 o
8 v,

9. A beam of light isincident on aglass dlab of refractive index 1.5 at an angle of

incidence of 45°. Find the ratio of the width of refracted beam to the incident beam.
A. Refractiveindex of glass = 1.5

Angle of incidence =i = 45° ) N\

_sini sini _sin45° \\ B
From y=——=snr=——= 1
nr M 15
_ 1,2 42 1414 \\
2 3 3 3 A I r
=sinr =0.4713=sin28°7'=r = 28°7"
: widthof incidentbeam _ AB Py 2
From figure, = 1
Widthof refractedbeam AB
cosi = %; AB = AA' cosi
lBl
cosr =——; A'B' = AA' cosr
Widthof incidentbeam_ cosi_  c0s28°7' 0.8222 1.247
Widthof refractedbeam cosr  cos45’ 1//2 1

10. Find the time taken by light to travel adistance of 3cminglass. (C =3x10°m/s

and refractive index of water = 4/3)
A. Refractiveindex of water = 1, = 4

3
Velocity of lightinair = C = 3x10°ms™
Distance traveling in glass = x, =3cm=3x107m




11.

12.

13.

14.

Timetakento travel inglass =t

X
Velocity of lightinglass= v, =t—g

g

C Cxt M, XX, 4 3x107
= 9 =t =Y 9 =" x
X It X 9 C 3 3x10°

g g g

From g, =—2 = =1.333x10 " sec

§<

Find the ratio of the time taken by light to travel adistance of 100 min air and
water. C =3x10°m/'s; 4, =1.0008; 44, =1.33)

Refractive index of air = £, =1.0008

Refractive index of water = 4, =1.33

=% 2100

a a

Velocity of light in water=v,, =% 100

Velocity of lightinair =

From Hw=Ya 2tw 5 - Fa 2P0 750509

M, v, t t, M, 133
The optical path of a monochromatic light is the same if it goes through 2.00 cm of
glassor x cm of ruby. If the refractive index of glassis 1.510 and that of ruby is
1.760, find the value of x.
X, =2cm, X, =X
Uy, =151 u =176

From Ho M %0t heret, =t,

lur Vg Xl /tl

o150 X -1 7160m

1760 2

The wavelength of light in vacuum is 5000A°. When it travels normally through
diamond of thickness 1.0 mm, find the number of waves of light in 1.0 mm of
diamond (Refractive index of diamond 2.417)

Wavelength of light in vacuum = A, =5000A° =5000 x10™°m

Distance traveled in diamond = x =1mm =10"m
Refractive index of diamond = 4, = 2.417

-10
crom Mo s _, 2417 _ 5000x10

/'la Ad 1 Ad

= A, = 2068A°

-3
X :L_lo =4834

A, 2068x10

When light of wavelength 4000A° in vacuum travels through the same thickness in
air and vacuum, the difference in the number of water is one. Find the thickness

(4, =1.0008)
M, =1.0008, 14, =1, A =4000A° =4000 x10™°mand An=1

0 Number of waves =n =

) . t t
Difference in number of waves, An=— - =1=——1.0008 -
A (,ua 'uV) 4000%x107"° [ ]]

O t=0.5mm



15.

16.

17.

18.

A.

The refractive index of denser medium with respect to rarer medium is 1.125. The
difference between the velocities of light in the two mediais0.25x10°m/s. Find

the velocities of light in the two media and their refractive indices. (c =3x10°m/ s)

Ha 1105

K,

Ho oY 1125=2 5y =y, (1.125)
:ur Vd Vd

But, v, v, =0.25x10°ms™
(1.125)v, -v, =0.25x10°
v, =2x10°ms™ and

v, = 2.25x10°ms™

o : c _3x10°
Also,  Absolute refractive index of denser medium= 4, =—=——-=15
c, 2x10
L . c _ 3x10°
Absolute refractive index of rarer medium= g, =— =——— =1.333
2.25x10

r

Find the angle of incidence on the surface of diamond of refractive index 2.417, if
the angle between the reflected and refracted raysis90°.

u of diamond = 2.417

Reflected and refracted rays are perpendicular.

O tani=tani=2.417=i=67°31'

The refractive index of water relative to air is 1.33 and of glass relative to water is
1.166. What are the critical angles for water and glass relative to air?

3 H
M, =He =133and =20 =1.166
Hy Ky
Hy _

[ﬂgj

Fa) —1 1665 x P =1 66 x1.33(0r) 22 =155
[uwj P Mo n

M

=

SHeo 1 gne =2t =l ¢ ocugas
4, snC, (uwj 1.33
1,

Similarly, H - _1 —=155=—

U, SInC, snC,

. 1
=——=0.64
(or)sinC, LTeg ~0645

=sinC, =sin40°12" =G, =40°12"

The critical angle for refraction from glass to air is 42° and that from water to air
is48°. Find the critical angle for refraction from glass to water.

C, =42°C, =48°



1

But, y=——
sinc
1 1
= And =
Ha sinC, a sinC,
_Hy _sinC,
"0y, sinC
B _sin48 _0.7431
"9 dn42  0.6691
B 7431
"9 6691
O8nG 1_ 6691
o, 7431

snC=0.904 = C=61"12"

19. A light ray istraveling from a denser medium into rarer medium. The velocities of
light in the two media are 2x10°m/ sand 2.5x10° m/s respectively. What is the
critical angle at the interface of the two media?

A. Velocity of light in rarer medium =v. =25x10°ms™
Velocity of light in denser medium =v, =2x10°ms™

From,u——1 :&‘—1 :>i‘—l
snC 4 snC v, snC

3
5220 . 1 L dnc=2-0s8
2x10° sinC 2.5
0G 53

20. Calculate the refractive index of glass with respect to air, if its critica angle is

40°12
A. C=40"12"

1 1 1
But, y=—— = u, =— = =1.549
H=gne M~ Gnaoi2 ~ 06455

ASSESS YOURSEL F

1. When light travels from ararer medium to a denser medium ,why does light bend
towards the normal ?
A. Thisisbecause velocity of light ismore in rarer medium than in denser medium.

2. Istherefractiveindex for violet light greater than or less than or equal to the
refractive index for red light in glass?



> A >

> o

~

Refractive index for violet light greater than the refractive index for red light in
glass.

Can absolute refractive index of a medium be less than unity?

Since the velocity of light is maximum in vacuum ,absolute refractive index of a
medium will be more than unity

When does alight ray travel undeviated?

. When light incident normally on the boundary separating the two mediaor the

light ray passes through the same medium, it undergoes no deviation.

Which colour of light has least critical angle?
Violet.

When abubble of air rises through a column of water placed in strong diffuse
light, the bubble appears shining. Why?

. Totdl internal reflection.

How does a crack in a pane of glass ook when seen obliquely?
Dueto total internal reflection, crack in a pane of glass |ooks shining (silvery).



