WAVE OPTICS
CHAPTER - 10 .
-8 C 6
o 5) Two waves whose intensities are in the ratio 9.1
X\éF &M | produce interference. The ratio of maximum and
1) According to Huygens, the waves of light are- minimum intensities will be-

(@ Mechanical, longitudinal. (@ 108 b 91
(b) Mechanical, transverse. @ 41 21 ‘
(c) Electromagnetic. ez 6 NE _ZY, 91 ,“(I)U
T U b Z b E
(d) Mechanical, spherical. 2y
2y & ¢ K (a 108 b 91
@ ®p .  Bu () Bfp . &y © 41 d 21
() fCB 6B (d) Bep B Ans- ©
Ans- (@) 6) If the wavelength of light is doubled in Young's
2) The concept of secondary wavelets was given by- experiment, then the width of the fringe-
(@  Fresnel (b)  Newton (@ will remain the same (b)  will be doubled
(c)  Huygens (d)  Maxwell (o) will be halved (d)  will be quadrupled
A 6 - & b€ & 6 a ¥
@ @t i (b) @ h i L
© b @ i @ c (b)
Ans- (c) (© @
3) Two sources of waves are said to be in coherent if- Ans-  (b)
(@) The wavefronts generated by both should be of 7 Youngsdo.ubleslltexperlmentusgsamonochromatlc
source of light. The shape of the interference fringes
the same shape. -
formed on the screen is-
(b)  Both prod f th length.
oth produce waves o the Same g9 (@) Parabola (b)  Straight line
(c)  Both produce waves of the same velocity. @ Circle @ Hyperbola
(d) Both produce waves of the same wavelength TR % (&
having a constant phase difference. K 3z ol Gs b G
b é e i
(@ I . @ C B (b) :
b) b Bi ¢ K€~ it (© C @ 0 C®B
(© b a ¢ k- bb Ans-  (d)
(d) b . iBtG 6 K IEB b 8) The size of the obstacle for the diffraction of light-
’ ! (@ be much larger than the wavelength of light.
Ans-
ns \d (b)  be much smaller than the wavelength of light.
4) In the phenomenon of interference of waves - .
() be of the order of wavelength of light.
(@ Thereis aloss of energy @  anvthing can habpen
(b) Thereis a gain of energy ything L ppen.
(c) There is no loss of energy, no gain of energy and & e ]
only redistribution of energy. @ @& 6 But T f
(d) Nothing can be said about energy. (b) & 6 Bat T f
b ool ¢ Z bl € & 6 Bl 6 f f
@ (d)
ns- c
(b) K A ©
() K U K 0
ic K ict
(d) Kt tie U
Ans- (0
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The phenomenon by which the nature of light waves
is transverse-

(@ Interference (b)  Diffraction

(c) Polarization (d)  Refraction.
Aoz & b6 (| 2T

(a) @l (b) fCC

) &cC (d) (o

Ans- ()

10) A ray of light is incident on a glass plate at an angle
of 60°. If the re=ected and refracted rays are mutually
perpendicular, then the refractive index of the
material is -

(@ V372 (b) V3
() 13 (d 12
b6 Y & 60 Dz
U I R W
i b, a () -
(@ V3/2 (b) V3
() 1/V3 (d 172
Ans- (b)
Subjective Questions/ ZF &
1) What is fringe width?
1%] - 9
Ans- The distance between successive bright or dark fringes

is called fringe width.

) o "B (% B GH /%]
t e
2) What type of source is used in Young's double slit
experiment?
NG & Db @& ée &
?
Ans- In Young’s double slit experiment, a coherent source is
used.
) B t B @B e é B [ B
3) What is interference?
wl - 9
Ans- Interference is the phenomenon in which two waves
superimpose to form a resultant wave of lower, higher
or equal amplitude.
‘ wl c A e K. f
Y, ~B B 6 A
[
4) How many types of light interference are there?
& wl z& [
Ans- There are the following types of light interference:
constructive interference
destructive interference
- fYa b wl I
] wl
fC wl
HefT-12 (ifahn

Ans-

Explain the principle of superposition?
» éw ba ?

The superposition principle states that "if two or more
waves are traveling in a medium, the resultant wave
function is the algebraic sum of the individual wave
functions.”

¢} é b f "Bf B
B p e A
Bi . B¢ i BB

Can light waves pass through interference?

- & Sl Y &

Yes, interference of light waves can happen.
5 & b ol

Write the difference between diffraction and
interference.

i wl i Ok
Difference between Diffraction and Interference
Interference

1. Interference may be defined as waves emerging
from two different sources, producing different
wavefronts.

2. The contrast between maxima and minima is very
good.

3. The width of the fringes in interference is equal.

4. The sources are referred to as interference sources if
the number of sources is as few as two sources

Diffraction

1. Diffraction, on the other hand, can be termed as
secondary waves that emerge from the different
parts of the same wave.

2. The contrast between maxima and minima is poor.
3. The width of the fringes is not equal in diffraction.

4. If the number of sources is more than two the sources
are referred to as diffraction sources.

fCC i wl }

wl

1. wl _ - ée t {f ic

btn Kk B f B , -

boof K e

2. [\ ff ! T =

3 wl B3 v 6

4.Bf € v 6 T &t é b

wl é |

CC

1L H fcca f B e
Hicl ~ boof I

2. [ ff t

3fCC G BF b 6 0

4.Bf & b 6 bl é t [CC i

é

The ratio of maximum and minimum intensities in an
interference pattern is 36.1. What is the ratio of the
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amplitudes of the two interfering waves? ' glap
wl zible ‘U b Db E Bf C i i Ch G& hu
zy 361 wl b bb 1 afc ac B gl
zy = 7
Ans- ) unpolarized light polarized
Given: reflection
L _ 36
Imin 1 'rl
A,
A2 rl:
L. (A+A4)* 36 partially polarized
Imin (Al _AQ) 2 ]-
A+A 6 Polarization by Reflection at Brewster's Angle
CA—4A ] AC & Cd s b .
1 (A1 +A2) =6 (A1 _Az) of 1IcC \Y ac
ip 0 ; ch Gea hu
%:% p =tanip
L ot tfB
A1:A2--7:5 _d B8
M =sini/sinr
hun + Chidf Ch af i C
9) What is Brewster's law? f 90  KEIC i=ip &r=90-ip.
2] 54 zb™> ? i=ip
Ans- Brewster’s Law r=90-ip
If the angle of incidence of which the re=ected light is U = sin ip/sin(90-ip)
completely plane polarized is called polarizing angle or .
, p = tanip
Brewster’s angle.
10) Two polaroids are kept with their transmission axes
unpolarized light polarized inclined at 30° Unpolarised light of intensity | falls
reflection on the <rst polaroid. Find out the intensity of light
emerging from the second polaroid.
s z ’ G
n ;. O 300
' T O | E ay @ & b
N H z z
. & ¢ E O 6
B i Ans - As the intensity of the unpolarised light falling on
partially polarized the <rst polaroid is 7, the intensity of polarized light
emerging will be, 7, = (/2 ).
Polarization by Reflection at Brewster's Angle Let I' be the intensity of light emerging from the
second polaroid.
When an unpolarized light incident at a polarizing , ' ,
angle, ip on an interface separating air from a medium Malus’ law, ['= 1, cos? ¢
of refractive index, then the re=ected light is fully Substituting,
polarized if
p=tanip
According to Snell’'s law
M =sini/sinr
Basically re=ected rays should be perpendicular to
refracted rays. In that case only i =ip & r =90-ip.
i=ip
r=90-ip
M =sin ip/sin(90-ip)
p=tanip
PHefT-12 (1HfahD 8 b-fe - -q & (:4&a°h (2024)



I'=

é]cosl{ﬂ}’] = |§][%r — f%

fu bt IC t 4fC & 6
E if IC tAC & 6
E

H ot ot if IC te ¢ E I' tie
fB .I'=Icos*d

perpendicular to each other.

Substituting,

I,=(1/2)cos*(90°=0

[".cos(90°)=0]

No light comes out from the second polaroid.

(i) Let the <rst polaroid be P1 and the second
polaroid be P2. They are oriented at 90°. The third
polaroid P3 is introduced between them at 45°.
Let I' be the intensity of light emerging from P3.

Angle between P1 and P3 is 45°. The intensity of light
coming out from P3is,

I'=1 cos?0

Substituting,
(Bt =(B) s~ =4

Angle between P3 and P2 is 45°. Let [" is the intensity
of light coming out from P2 /" =['cos? 0

Here, the intensity of polarized light existing between
P3and P2is 1/4.

Substituting,

sasy=[ L)L) =2
o[l -

’H:

IH o

£

4
L
8

11 Two polaroids are kept crossed (transmission axes at 4 .
) 90°)t% each other. ( ( U iC 1 &/C =
6 E I, if IC tafC & 6
() What will be the intensity of the light coming out E 1,=(1)2)
from the second polaroid when an unpolarised . .
light of intensity / falls on the <rst polaroid? g ot if iC & ¢
(i)~ What will be the intensity of light coming out from B I'e] 29
the second polaroid if a third polaroid is kept at f L=, cos -~
45° inclination to both of them. B 80=90° ~tf u Htt C &
A H % (90° W b z & 1y
U u I,=(1/2)cos’(90°=0
I . e [ cos(90%)= ]
I E ac & t ’
i 2 H t t & 0f
@ H t i IC 1 ¢t E @ (i) b Pl H bP2
le * t) i45° C’ C}90° . e * P3 *
45° t f B ) 1P3
f IC t& 6 E
Ans- (i As the intensity of the unpolarised light falling o
on the <rst polaroid is |, the intensity of polarized P1 ) P3 1 s 45 , P3 i fc 4
light emerging from it will be I, = (1/2). ‘ ® ¢ B ['=lcos?0
Let I' be the intensity of light emerging from the &1y
second polaroid. I A N1 Y T I
I'Z(—)cos2 45° =(—) T | =1 ==
Malus’ law, I'= 1, cos? 0 2 457 =(3 V2 4 4
Here 8 is 90° as the transmission axes are P3 P2 450 I"P2 t
PefT-12 (ifaehn 75 b-fe - -q & U:&h (2024)




12) A monochromatic light of wavelength 5000 A passes
through a single slit producing diffraction pattern
for the central maximum as shown in the <gure.
Determine the width of the slit.

5000 A - bz3Db &
o8 Y - &
ziz 0 poe O Y | 6
Z A e

Ans- X\ =5000 A = 5000x10%°m; sin 30°=05;n=1a=?

Equation for diffraction minimum is, a sin d = n\
The central maximum is spread up to the <rst minimum.
Hence,n=1
Rewriting,a=\/Sin§
Substituting, a =5000x10" / 05
a=1x10° m = 0.001x10° m = 0.001mm
A =5000 A = 5000x10"° m:;SiN30°=05:n =1:a =?
' Sih fCC Gt ,asinf=n\
BB # h T i n=1
k ,a=\/sinf
& 1y f ,a=5000x10%/ 05
a=1x10®m =0.001x10°% m = 0.001 mm
13) 6 v & 7 10 i
@ zbb wY~ G
Write the wave theory of Huygens. And derive the
laws of re=ection and refraction from it.

Ans- Huygens’ Principle states that every point on a
wavefront is the source of wavelets that spread out in
the forward direction at the same speed as the wave
itself

HeiT-12 (ftfaadn

INCIDENT

WAVELENGTH REFLECTED

WAVELENGTH
o
W

Huygens’ Principle can be applied to prove the laws of
re=ection. The above <gure demonstrates the incident
ray being re=ected by a re=ecting surface.

aA represents the wavefront incident in a re=ecting
mirror XY with an angle of incidence i. Every point on aA
acts as a source of a secondary wavelet. As mentioned
by Huygens’ principle, the rays will take equal time to
cover the distance between Ato D and Cto B. Therefore,
the angle of incidence will be equal to the angle of
re=ection.

This proves the <rst law of re=ection. The direction
of propagation of the secondary wavelets is also the
direction of propagation of their primary wave sources.

Itis also observed that the incident ray and the re=ected
ray lie on opposite sides of the normal. The normal is
perpendicular to the re=ecting surface and originates
at the point of incidence. The normal, incident ray, and
re=ected ray lie on the same plane, and hence, the
second law of re=ection is proven.

Therefore, both the laws of re=ection can be analyzed
through Huygens’ Principle.

Huygens’ Principle can help us prove the laws of
refraction with the help of the above diagram.

Considering a wavefront BC incident on the surface,
we evaluate that the incident ray has a velocity of V,
and the refracted ray AD has a velocity of V,.

Since Huygens'’ Principle states that despite
differences in density, the time taken by the waves to
travel will be the same, let’s assume the time taken is t.

Therefore, distance BC=V t and AD =V t.

Considering the triangles ABC and ADC, we get:
sini _ BC . AD
sinr  AC = AC
_BC
AD
A
~ Vit
Vi

2

=1
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Here, p is a constant. It represents the refractive

index of the medium through which the light rays are
traveling. Another keen observation is that the incident
and refracted wavefront lie on the same plane as the
normal. This proves the 2™ law of refraction.

The refractive index is also calculated as the ratio of
the velocity of light in a vacuum or air to the velocity of
light in another medium.

Hence, Snell’s law of refraction is proved via the
application of Huygens’ Principle. This proves the first
law of refraction.

AT 1 FRigerd dedi & fas a1 & AT & UdA®
fag RfTep134T BT ATd & 31 M ot feem o 3 fa

INCIDENT
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WAVELENGTH
v’

N
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&1 & fAgeid & ufdfdd & gl o1 Aifad

B & fety @] fosat 511 Ahar &1 3WIad i U
WRIddd AdE ¢RI 3mafad fhrur &b Riafda s &t
yefRia srar &l
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Rigerd & areny i fosar 371 Jehdr 8

<]

A & Ocuid 3WIiad 3@ & T8Il o
auaﬁg%ﬁﬁ’aﬁfﬁgamﬁmmm
T &l

AdE W dATY BC ATUfdd &I & ¥ 3%d §Y, 89
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Ans-

BT, 7 o fob feta mam |my ¢ &1

AT BC=Vt ARAD=Vtl

1751 ABC 37R ADC T &1 & Tl g, 89 UTd el &
sini _ BC . AD

sinr ~ AC = AC
_BC
AD
_Vt
Vat
-V
W

=4

T8l, y TP 37°R &l 98 39 O1eA9 & 3qda-icd &l
yfaffea oear € s aream I yopner fHor g
IR T8 &l U 31RR 89 37dmop U8 & b 3mufad 3k
3ruafed aomy 31 ee & I dod R RIg 8 81 78
UG &l gIRT ad fage el &l

aqaﬁq?gm?ahmgggmﬂima;
3T orery o Yah12T 3UTd & ¥
oft BT SATAT 21

AU, ¥ & 3T & a0 & e & Fgeia
& 3T o H1ead A gy fopar mar &1 g8 379ad
&1 yyH fFran fage dar 8l

Explain the principle of Young’s double slit
experiment for Young’s interference and derive the
formula for the width of the interference fringes.

g & aAfdestor & Ay a1 & & B wa &1
fRgaid w9y _aar Afdasor fe=n & 951§ &
0 o e A5 |

Young's double-slit experiment uses two coherent
sources of light placed at a small distance apart.
Usually, only a few orders of magnitude greater than
the wavelength of light are used. Young's double-slit
experiment helped in understanding the wave theory
of light, which is explained with the help of a diagram.

D

_] ¥ !
e
Screen with Opﬁcai
two slits screen

Derivation of Young’s Double Slit Experiment-

Consider a monochromatic light source ‘s’ kept at
a considerable distance from two slits s and s, s
is equidistant from s and s, s and s, behave as two
coherent sources as both are derived from s.

The light passes through these slits and falls on a screen
which is at a distance ‘D’ from the position of slits s and
s, ‘d"is the separation between two slits.

If s, is open and s, is closed, the screen opposite to s  is
closed, and only the screen opposite to s, is illuminated.

FWMEIRA. — N IF-Te-3R T e RAawor ¥ (2024)
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The interference patterns appear only when both slits s,
and s, are open.

5 -t
Monochromatic
light source

X = L+D

When the slit separation (d) and the screen distance (D)
are kept unchanged, the light waves from s and s, must
travel different distances to reach P. This means that
in Young’s double slit experiment, the path difference
between the two light waves is froms and s,

In Young’s double slit experiment

D » d: Since D » d, the two light rays are considered
parallel.

d/\ »1: Often, d is a fraction of a millimeter, and A is a
fraction of a micrometer for visible light.

Under these conditions, & is small. Thus, we can use the
approximation sin @ =tan 8 =0 =\/d.

.". path difference, Az =\/d

It is the path difference between two waves meeting at
a point on the screen. Because of this path difference
in Young'’s double-slit experiment, some points on the
screen are bright, and some points are dark.

We now discuss the position of these light, dark fringes
and fringe widths.

Position of fringes in Young’s double slit experiment
bright edge position

To form the maximum intensity or bright fringe at P
path difference, Az=n\ (n =0, 1, 2,.)

ie,xd/D=n\

either

x=n\D /d

The distance of the n*" bright fringe from the center is
x_=nAD /d

Similarly, the distance of (n-1)*" bright fringe from the
center is

X, ,=M-DAD/d

Fringe width, 8=x_-x,_, =n\AD/d - (n -DAD/d =\D/d
(n=0,%1,+2,.)

dark fringe position

For the minimum intensity or dark fringe formed at P,
Path difference, Az = (2n + 1) (\/2) (n = 0, 1, +2,..)
i.e,x=(2n+1)\D/2d

The distance of the n™ dark fringe from the center is

x, = (2n+1)AD/2d

(1959)

Similarly, the distance of (n-1)'" bright fringe from the
center is

x(n-1)=(2(n-1)+1DAD/2d

Fringe width, 8 = x - x = (2n + 1AD/2d

n (n-1)
-(2(n-1) + DA\D/2d =AD/d
(n=0,41,%2,.)
fringe width

The distance between two adjacent bright (or dark)
fringes is called the fringe width.

B=\D/d

YT BT 3TcA-[TeAc YT YT3! G W IW UBRT &b &l
TR AT ST 3TANT AT &l 377 AR TR, TehIRT
T e 3 31fere ufHToT & Haw Ho HHT T 3uTT
T FTAT B AT & ST-Reie TANT 3 UHIRT & T
Rigerid &1 FHgH 1 Hee &, {513 31E B Fergdar
AT T &l

—2

It

Screen with
two slits

411 P 39 T yamT B efa-

<) f&cts, 3R s, A HThT gl IR 3 YHaviT Ui

A s R R il s, S, SZ@TW%IS 3-ﬂ?'s2

gwmﬁaamﬁwaﬂﬁ%aﬁrﬁsaﬁﬁs
g

BT 3 FHACH 3 B1hR 1[5RA] & 3R U Vb IR

firaT 8 311 ffcd s, 3R s, HI AT A D B A W2

o a1 FieTcd & g I gl 8l

e s YATE 3R s, 9& &, Al s & fqudiad BHH 9 8 3R

A 5, b [AURIA Th1 JepTIRIe 8l SfciehRT Hfdey

Tt Uhe 81T & 519 a1 XG5, 31k s, G el

P

Opﬁcai
screen

5 -t
Monochromatic
light source

X = L+D

519 faTe 3Ta (d ) 3R BhH &l (D ) &Y 3rufafdd
RGT STTT 8, @1 P O Uga— & foiU s1 37R s2 A Uap1ar
T BT ITAT-3AT G g AT AU SHBT dredd
P g RS i s 3R s2 AT ysprRT AT B
CIERPIGEE]

FHMEIRA. — e IF-He-3R T e RFaRor ¥ (2024)

122

o)



B B &B e
D>>d: fu D>>d, & f b b
dA»1L ~ . d o f . MinB
& i 3
¢ t 0 ® f sinf =
tanfd=60=\/d B t e
b, Az=\d
B L6 f hM o f tC bt
b B - B &B e v t
. h M 6t 1t h M
t ot
& , " @t D ¢ 9l
K e
B B &B l@@b\\@ 90 6t
fob 61yl P 0 E B ° (D
bt % JAZ=n\(n=0,+1, £2,.)
B ,xd/D=n\
B
x=nAD /d
K InCle’ f@s GH
x_=n\D /d
@ KB Kn-1Cle’ s GH
x(n -)=(n-DAD/d
1%} .8 =xn - x(n-1) = NAD/d - (n -1)AD/d = AD/d
(n =0,#1,+2,.)
g 6 19l
P IC % h E B M T2 B S
\Y% Az=(2n+1)(M2) (n=0, 1, £2..)
B ,x =(2n+1)\D/2d
KB inCle * (& GH
x_=(2n+1)AD/2d
& KB Kn-)Cle” s GH
X(n-1)= (2(n-1) +1)AD/2d
1%} , B = xn - x(n-l) = (2n + 1) AD/2d
-(2(n-1) + )A\D/2d = \D/d
(n =0,%1,42,.)
1%}
- (yC "D b GH
1%} b
B=\D/d
15) What is meant by diffraction of light? Explain
diffraction by a narrow slit. Explain the formation of
fringe-patterns on the screen and draw a graph to
show the variation of fringe intensity with angle 4.
& a = 0 042 ¢ 40 s A
A @ 6w~ & , k G -&0
2z b 0 h 6 E b€
g &#f84d z & o oW |
Ans- Diffraction of light is de<ned as the bending of light
around corners as it spreads and illuminates areas
where shadows are expected.
In a single-slit diffraction experiment, we can observe
the phenomenon of bending of light or diffraction which
HeiT-12 (ftfaadn

(1o2)

causes light from a coherent source to interfere with
itself and produce a characteristic pattern on the screen
called the diffraction pattern . Diffraction is apparent
when sources are so small that they are relatively the
size of a wavelength of light. We can see this effect in
the picture below. For large slits, the dispersion is small
and generally not noticeable.

Al
i)

Single Slit Diffraction Formula

We shall assume the slit width a « D. D is the
separation between slit and source.

Narrow gap

Large diffraction effect

We will identify the angular position of any point on the
screen by § measured from the slit center which divides
the slit by a/2 length. To describe the pattern, we'll <rst
look at the position of the dark fringe. Furthermore, we
divide the slit into regions of equal width a/2.

The path difference represented by the top two rays
shown is:

We can consider any number of ray pairs starting at a
distance a/2 from each other like the two rays in the
diagram below.

For a dark fringe, path difference must cause destructive
interference; The path difference should be out of phase
by M/2. (A is the wavelength)

for the <rst edge,

For a ray emerging from any point in the slit, there
exists another ray at a distance of a/2 that can cause
destructive interference.

Thus, destructive interference occurs at 8 = sinA/a
because any ray emanating from a point has a pattern
that causes destructive interference. Hence a dark
fringe is obtained.

For the next fringe, we can divide the slit into 4 equal
parts of a/4 and apply the same logic. Thus, for the
second minimum:

Similarly, for the n*" fringe, we can divide the slit into 2n
parts and use this condition as:

n\=aSind
central maximum

The minima lies between the width of the minimum

b — He - -q & [:an (2024)
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and the central maximum, the distance between the
<rst order minima from the center of the screen on
either side of the center.

The position of the minimum given by y (measured
from the center of the screen) is:

tan@d=0=y/d

for small 6,
sing=0

=\ =asin f=ad
=0=y/D=\Na
=y=AD/a

The width of the central maximum is only twice this
value.

= width of central maximum = 2\D/a
=> Angular width of central maximum =26 = 2\/a

The diffraction pattern and intensity graph is shown

below.

0
a/2 I (3

af2 I 2

The path difference represented by the top two rays
shown is:

AL = %Sinﬁ

We can consider any number of ray pairs starting at a
distance a/2 from each other like the two rays in the
diagram below.

Fora dark fringe, path difference must cause destructive
interference; The path difference should be out of phase
by M/2. (\ is the wavelength) for the <rst fringe,

AL :%:%sinﬁ
A=asind

For a ray emerging from any point in the slit, there
exists another ray at a distance of a/2 that can cause
destructive interference.

Thus, destructive interference occurs at # = sin*\a
because any ray emanating from a point has a pattern
that causes destructive interference. Hence a dark
fringe is obtained.

For the next fringe, we can divide the slit into 4 equal
parts of a/4 and apply the same logic. Thus, for the
second minimum:

%: L ind
2A=asin 0

Similarly, for the nth fringe, we can divide the slit into 2n

(1o4)

parts and use this condition as:
n\=aSiné
central maximum

The minima lie between the width of the minimum and
the central maximum, the distance between the <rst
order minima from the center of the screen on either
side of the center.

The position of the minimum given by y (measured
from the center of the screen) is:

tangd=6=y/d

for small 6,

sin 6=0

= A=asinf=af
=0=y/D=\Na
=y=AD/a

The width of the central maximum is only twice this
value.

= width of central maximum = 2AD/a
=> Angular width of central maximum =20 = 2\/a

The diffraction pattern and intensity graph is shown
below.
Single-slit diffraction pattern

Intensily —s

@ tfcc bbb @ t }
n € m» B if B
Opt & b B 6 Q
-@ CCli&B | & B {CC G &6
b6 f O b e
é i eB X0t }
LG iC F i - Hcc
ol fcc & F ée t
bt &t D & 6 it
bt & C Hop et e
B i, of ~
HBIUB 0

]] Wide gap
Small diffraction effect

) Narrow gap
Large diffraction effect

y B o~ tu

.8 — Ha - -q & [:an (2024)

124}



é t GH n\=aSind
= BB
ff @ hu BB | 6 t
VO, Bt bf b6 t Kt ]
b~ f 1 GH
[ y fIYF 6190 (-6 t ¥ )
l tan 0=0=y/d
AR NI
sin 6=0
=\=asinf=af
: =0=y/D=Ma
LG f M 6 Byl 6 B
§ &40 e & an =y=\b/a
ifC ‘ G C i T t BB U 6 t1C
ihes éj T;%J t *}ﬂ:*e f *g/’z i = &8 | 6 =2\D/a
b = KB | 6 B =20=2\a
fCC G i E I if B B
/ Single-slit diffraction pattern
)
a/2 0
> T
=
al2 I =
s
=
f bl f b @ F a0 o
AL=Gsind 0—
f T Kk Bl [C tie o .
H /2 GH 1+ n et 1t 16 What do you understand by polarization of light?
f e How does this prove the transverse nature of light
et 9" i 0 waves? Explain.
v w .
f % y)\/z 1 ® aY = ba & - G
f (}\ i) 2¥T & U &b ? ba |
17, R ST Ans- light waves that vibrate in more than one plane are
2 referred to as unpolarized light such as the light emitted
AL=%= %Sinﬁ by the sun, a lamp, or candle =ame is unpolarized light.
A= asind Such light waves consist of an electromagnetic wave
) that vibrates in a variety of directions. However, it is
N y
b AlE Mt Icf bo possible to transform unpolarized light into polarized
a/2 GH f hu fc light.
XUt
& f=sin-IMa [C wl >if
WM f Icf f & n
iC wl
s &
1% N | a/4 t4 bl
fC te i h te
: H & h i
% = %sin 0
2A=asin 0
& . nC¥d i, : i 2n b Polarized light waves are the waves in which the
fC t e ™ B @ vibrations occur in a single plane. The process of
tie transforming unpolarized light into polarized light is
PHefT-12 (1HfahD — b-fe - -q e 0:&n (2024)




HefT-12 (ifadn

known as polarization.

The phenomenon of restricting the vibration of
light (electric <eld) in a particular direction (plane),
perpendicular to the direction of wave motion is called
polarization of light.

The polarization of transverse waves.

Let a rope AB be passed through two parallel vertical
slits S and S, placed close to each other. The rope is <xed
at the end B. If the free end A of the rope is moved up
and down perpendicular to its length, transverse waves
are generated with vibrations parallel to the slit. These
waves pass through both S and S, without any change
in their amplitude. But if S, is made horizontal, the two
slits are perpendicular to each other. Now, no vibrations
will pass through S, and the amplitude of vibrations will
become zero. i.e the portion S,B is without wave motion
as shown in the <gure.

Fig: Polarization of transverse waves

On the other hand, if longitudinal waves are generated
in the rope by moving the rope along forward and
backward, the vibrations will pass through S and S
irrespective of their positions.

2

This implies that the orientation of the slits has no
effect on the propagation of the longitudinal waves, but
the propagation of the transverse waves is affected if
the slits are not parallel to each other.

A similar phenomenon has been observed in light when
light passes through a tourmaline crystal.

Lt _{’f'f}"fﬁf,”"

[E1]

Source

i
d==

L

1b)

No Light
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&

Fig: Polarization of transverse waves

Light from the source is allowed to fall on a tourmaline
crystal which is cut parallel to its optic axis (Figure: a).

The emergent light will be slightly coloured due to
the natural color of the crystal. When the crystal A
is rotated, there is no change in the intensity of the
emergent light. Place another crystal B parallel to A in

(1oR)

the path of the light. When both the crystals are rotated
together so that their axes are parallel, the intensity of
light coming out of B does not change. When the crystal
B alone is rotated, the intensity of the emergent light
from B gradually decreases. When the axis of B is at
right angles to the axis of A, no light emerges from B
(Figure: b).

If the crystal B is further rotated, the intensity of the light
coming out of B gradually increases and is maximum
again when their axis is parallel.

Comparing these observations with the mechanical
analogue discussed earlier, it is concluded that the light
waves are transverse in nature.
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