After studying this chapter, the students will be able to:
Explair thal poiarization (& & phenomenon associated with ransverse waves,

Define and-apply Malus's taw [ = [, cog'B to cakulsts the miensity of ‘@ plane-palarizad
electromagnatic wave after fransmission through a pelarizing filber or a saries of polarzing fillers,
[Calculation of the effect ol & polarizing filer on the infensity of an unpolarized wave is nol
requirad.

Explain the uss of polaroids i sky pholography and siress analysts of matenials,
D&uﬂmlhmwgrmmm waves
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This chapter deals with two major areas of physics namely polarization of tfransverse
waves and gravitational waves respectively. We will discuss these one by one in this
chapter.

Physical optics with reference to polarization deals with the
behaviour of ight waves and theirinteraction with matier.

Interference and diffraction effects prove the wave nalure of
light, These phenomena, however, do not tell us whether the
light waves are longiludinal or transverse. Polarization oflight g2
suggests that the light waves are fransverse in character, K-

In transverse mechanical waves, such as produced in a
stfetmed sirimg, 13ha ﬁhmlims ol‘ ﬂ'ne particlm m‘ tha

i) bt variical plans; and

ib}ina horizontal plane
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pokarized. The plane of polarization is the plane
containing the direction of vibration of the paricles
of the medium and the direction of propagation of
the wave.

A light wave produced by oscillating charge consists
of a periodic variation of the electric field vector E
accompanied by the magnetic field vector B at nght
angle Io sach ather. Ordinary light has componants
of vibration in all possible planes. Such a kght is
unpolarized. On the other hand, if the vibrations are
confined only in one plane, the light is said to be
polarized. Unpokarized light is shown inFig. 8.2, .
Examples of unpolarized light sources are sunlight,
incandescent fight bulbs, fluorescent light bulbs, Eﬁnfm:," dcbvioad M el
light from & candle or fira. ,

Polarization is the process hy whi

are resfrictad to a single plane of vibys t : 2xhibited by h’Ena'uwst
waves nnly such aﬂ e‘ abacour for Innglludlnal waves such as sound
H Light be Polarized?

rghl can be made polarized by the following methods:
1. F'asslngllghuhm,ngha polarlzing filter (2.0, polaroid sheet).
2. Using a polarizing beam splitter.
3. Employing certainoptical crystals or materiale (e.q., calcite, guanz, olc, ).
The most comman method by which an unpolarized light can be polarized i1s by passing
it through a polarizing filter, such as a polarizing beam splitter or a polaroid sheat, When
an unpolarized kght passes through the polarized filter, only that eleciric field vector
which is parallel o the
axis of polarized filler can
pass through it, while all
ather veciors are blocked.
The resuitant kght then
becomes polarized as
shown in Fig. 8.3.
Thus, in simple words, the
process of ransforming an
unpolarized light in a
polarized light is 5
palarization.




The orientation of the electric field vector E of light
%in:MeMnﬂﬂhﬂuhﬂm of Polarization.

8.2 TYPES OF POLARIZATION

Here are the basic types of polarization of light,

1.  Linear Polarization

When the electric field vector oscillates in & ... ! n
single plane, light 1= said to be linsary polarized .. | w \\V
as shown in Fig.8.4 (a). Example is the kight v 1 ‘
passing through a polarizing filter, like 4

smagm. g iy Fig. B.4 {a): Linear polarization of fight
2.  CircularPolarization

When the slectric fisld rotates circularly, either
dockwise (right-handed), or counterclockwise
{Iaﬂ-handed) the ingh'l is said to I:a 6rcul

Spuge (30

wherethe elecinic field ver.:tortnmes an EIIPI]CEII
path is called elliptical polarization. In elliptical
polarization as shown in Fig.B8.4(c), the two
components of electric field E and E, are not
aqual andfor they differ in phass by an arbltrmy
angle 0. Example is the light passing through a
stress plate or 3 waveplate,

8.3 PRODUCTION AND DETECTION OF PLANE POLARIZED LIGHT

Fig. 8.4 {c): ENiptical polarization of light

Thelight emitted by an ordinary incandescent bulb (and also by the Sun) is unpolarized,
because its (electrical) vibrations are randomly orented in space as shown in
Fig.8.5 (a).

If unpolarized light is made incident an a shae! of polaroid (polarizer), the transrmttad
light will be plane p{:hnzed Ifa sa-mnd shnat of polarcid is placad in such away ihs
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perpendicular as shown iIn
Fig. 8.5(b). The light reappears on further
rotation and becomes brghtest when tha
axes are again parallel to each other,
This experiment proves that light waves are
fransverse waves. If the light waves were
longitudinal, they would never disappear
aven if the two polaroids wera mutually
perpendicular,

| Ponder Upon

lghl uram u'msvam Thnlhua Mll
armows indicate alectric vibrations of fight waves.

In 1808, Malus discovered that pdanzed lightis abhalnedvmenurdmaryhghtls reflectad
{light bouncing back from a surface) by a plane sheet of glass. If the reflectad light s
viewed through a polaroid which is slowly rotated about the line of vision, the light s

Ray Diagram
Mormial
Incident : .
View thraugh a
unpolarizad
light 3 pobriod
{erdinary lighé} i ReBacind g#
, . ight
=8| 4 ; Vibragang
T Plara pataized gt
Medium ¥ n, A a0
Medium2 &
Crown glass m
&\C




praciically extinguished at ona position of the polaroid. The most suitable angle of
incidence " iz about 57° for glazs for which the reflected ray becomes plane polarized,
asillustrated by ray diagram in Fig. (8.8), This proves that the light reflected by the glass
is practically plane polarized. Light reflected from the surface of a table bacomes darker
when viewed through a rotated polaroid, showing thatitis partially plane polarized,

Brewster's Law

The particular anghe of incidence on a transparent medium when the reflected light is
almaost plane polarized is called the polarizing angle. Let a beam of unpolanzed light be
made incident on the surface of medium 2 as shown in Fig.8.6. If the reflacted beam of
light is almost plane polanzed, the reflected and refracted beams are at right angle o
eachothar atthe polarizing angle, /=8, Thus

B+, =80°
or B, =890° -0,
From Snell's law, m
nofl NEANEONa
m, Slﬁﬂ ﬂrﬁ’lﬂﬂ Iivterasting Information

.sm n.sin “ ATl Bt G
% polarization of light in biokegical
SyelBme, guch a3 e polanzation

of light by cell mambranes.
costl,

tana,.,-—i

Thiz equation |12 known as Brewster's law. In this equation, n, is refractive index of
medium 1 and n. is refractive index of medium 2.  medium 1 is air, then equation
bacomes tantl, = n becausa n,= 1 and n, = n. Here n is refractive index of meadium on
which light is incidenl. Hence, Brewester proved thal the tangent of the angle of
palarization is numedcally equalto the refractive index of the medium 2 when medium 1
is air, In Brewster's law, the angle 't for which the reflected ray and refracted ray makes
an angle of 30" between them, is also called the Brewster angle fi_. Then tandl.- nholds.

Example B.1: A beam of light strikes the surface of a plate of glass with a refractive
index of 3 at the polarizing angle. What will be the angle of refraction of the wave of

light? ‘

¢ no= V3.8=7
As tanty = n

or By, =

i
[

Sy .




Elup!i!@ Fiysica| Opetics and Gravitanionad Waves F

LUS'S LAW

Malus's law states that the intensity | of plane polarized light after passing through an
analyzer Is diractly proporional to the square of the cosing of the angle 6 betwaen the
transmission axis of the analyzer and polanizer. Thatis; Polarized light

- with ity |,
| = I cos’8

Initial polarizer
whare /. = Intensity of the
incident polarized light (after
passing through a polarizer)

Actually, Malus's law gives a Fad
mathematical relation betwean  1eeneee
the intensity of tha Bght incidant oo o polsrtosd light el

on the first polaroid {i.e., I e dma -:.ranalyw
polarizer) and the intensity of Fig. 8.7 [a}: s;h e €l nf@ :

light obtained after passing it O @ o
5 a polari ) placed ale & gﬁ ulahunafthe analyzer afl‘eci& the

- furthar reduce tha mta:n-sll;r of ight and also

caahl& af mnﬁmng w-brahc»ns of Ilght Waves in nnry nna piana Such mmnﬂs are
called polaroids which have high directionality in crystal structure, Light can also be
polarized by natural phenamena like reflaction, refraction and scallaring.

IT a pieca of polaroid is rotated in front of a
polarized ray of lighi, # causes a variation in the
intensity of the light that gets through. Thea
reason that causes the variation of intensity is polarizer
the angle between the initial polarizer and the
axis of second polarizer,

When the incident polarized ight of amplitude A,
sirikes the analyzer al an angle 8, it is resolved
into two componenis Accst and A sinll as
shown in Fig., 8.7{b). The component A sini is
absorbed in the analyzer. Since, only A cosd
passes through the analyzer, the amplitude A of

the transmitted tht is therefore,

A =H,}m5ﬂ @ :
Slﬁt}&iﬂtﬂﬂslly.f |$ 9 BOUDE i r&' soluthon of WMW
it can be express “; - \( components of plana polarization light.




For Your Information

or | = A'cos'a
Préarizer-2

I = leogs (v =A)

Here [ is the intensity of the

incident polarzedlighl, Incicdant Basm

There are two exireme conditions

of 0 followed by the above equation

given as,

i. Ife=0%then/=1.This means
the Intensily transmitted
through the analyzer is equal
to the initial light intensity that Light passing through crossed polarizers
passes through the polarizer.

i, If8=980° then | =0. This means the kght is exhngm G
aliowed o pass through the analyz%r)

DpﬁcalActlviiy

S DS TEERS

: o rotate the plann of polarization of light
iz detected with a pn!anzer or analyzer as shown in

p&ssmg thirow : vtz
Fig, o
Y orystals and solutions rotate

the plane of polarization of lght
passing through them. Such
substances are said to be optically
atlive, Examplas are quarlz crystals,
cinnabar (H,5), sugar water, insulin
and collagen. The amount and
direction of rotation depends on
fodlowing factors:

(I} Thetypa of substance

[ii} The concentraticn of the substance (the
amount of a substance present in a given
guantity of a mixture or soluticn).

(iii) Thedistancethe light travels through it, and
(v} Thewavelength oflight

Dptical activity occurs due to the asyr
mnlemlms mhasuhstmm such as be




wation by many degrees. Certain organic substances, such as sugar and tartaric
acid, show optical rotation when thay are in a solution. This proparty of oplically active
substances can be used 1o determine their concentration in the solutions.

Example 8.2: Find the refractive index of a medium if polarizing angle is 54 5°,
Solution:

Do you know?

o, = B4R n=7?
As tanf, = n
or n = fan#,
So n = fanS54.5"
n = 14

Exnmple 8.3: Polarized light with an intensity of 75 W
m™ passes through an analyzer with its axis al 307 to the

polarizer's axis. Whatis the emerging intensity? 1 %
Solution: a @
l = rsw%‘ﬁiﬁ

L.Iainghﬂuaslaw@% o aON o i e

Ty Are Ciosmed, wiey BRR lgh
Cuenama Frnigh
W = TScos’ 30°
75 (0.866)°

TEX0.75
/ = B625Wm”

Example 8.4: A polarized light with an amplitude of 5 units passes through a polarizer
with its electric field aligned at 60° to the orginal polarization direction. Find the
amplitude of the wave after passing through the analizer?

Solution:
A, = Sunits, 6=60"A=7
Using Malus's law.
A = A cosb Brain Teaser
or A = BeosBl” A beam of unpolarized light passes.
= Byx05 through & fogay ﬂmnﬂphm Iall'
polarization stata o 6

Impnrtnnc:gfpaiarla:; O mwo
9 e



Polarization s assamlal for applcalluns like pofarized sunglassas. LCD (Liquid Crystal
Dizplay} screens, and optical communication systems.

2. Imaging and Microscopy

Polarization enhances image quality. reducing glare (unwanted light that interferes with
vision) and improving contrast, espedcially in microscopy and medical imaging.

3. Medical Applications

Polarization is used in cancer diagnaosis, tissue imaging, and laser surgery, leveraging
its ability to distinguish between different tissue typas.

4, Astronomy

Polarization helps us to analyze cosmic phenomena, like the polarization of light from
dislant stars or the cosmic microwsave background radiation,

5. Miscellaneous Fields

Polarization has importance in mmc@ B
imaging and microscopy, blnhg-_.,r and efemis

Two Main Ap ¥

a which is usad to photograph the
clouds is fitted with a Mam. The Ilght Action of polanzed sunglasses
coming from the sky is polanzed by the Wavas vibrating

polaraid. it
In sky photography, polarizers are used o
reduce the glare and haze which are
produced by the scattering of light by
small partides of molecules present in the
atmosphera. Polarizers also enhance tha
contrast by clocking the excessive bright
white light whila allowing the other colours
iz pass through, thus creating a brighter - :
detailed mage. Thus, allows to improve Pedarizad light
the overall image quality,

2. Stress Analysis of Materials

In materials scance, polarzers are usg d@ 1! l matanals
such as plastics, metals, and gl
| materia \-ﬂ‘; ura changes, affecting the way, it
AL\

Light wanes wibrasing
paralial io tha
. highway
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i
qualitative information about the material. By shining polarized light through the
transparent material and analyzing the changes in the light's polarization, the
researchers can:

= with light, and interference patterns on fringes are formed which in turn gives

s detarmine the material's stress patlerns
s jdentify potential weaknesses or defecls
= analyze the matenal's oplical properties
» understand how the matenal will behave under diferent conditions. This technigue

is known as “"photoelasticity” and is widely used in figlds like engineering,
materials science, and quality control.

In both cases described above, polarizers play a crucial role in manipulating light to
achieve specific goals, whether it is enhancing image guality cr anziyzlng miaterial
properies. ;

space and can be
length betwaan

Gravitati

Albert Einstein [1878-1
fabric of spﬂmtimn produced by violent o, bér:{munﬂ

cosmic events, like coliding Black hobes or neutron stars Phyakcist

that travel at the speed of light, carrying information about  One of the Workf's most

their sounce.” Tenowned and the most
irfluential scientists of all

The simplest example to understand GWs is given below: e,

If we throw a stone into 8 pond, the stone creates ripples on the water surface

(spacetime). These npples travel outward, carmying information about the stone (the

cosmic event). They can be detected on the shore (by gravitational wave

observatores), revealing the stone's presence and properties.

Prediction and Detection

Gravitational waves are a prediction of Einstein’s theory of general relativity which is
confirmed by observations and s opening & new window inte the universa's mast
axtreame phenomena.

According to Einstein's general theory of relativity, gravity is not a force, but a cur

uf spacetime causad by massive hudlﬂs Gravlty is IIk& ad da m@@




obegarvation of ls kind: the detection of
gravitational waves, produced from two
colliding neutron stars. In this type, there is a
gradual increase in frequency and amplitude of
Gws.

A Binary Systam (BS) in the contaxt of
gravitational waves refers to "A system
consisting of two compact objects, such as
black holes, neuiron stars, or white dwarfs,
which are crbiting each other and emitting
gravilational waves,”

Four Basic Types of Gws

Thera are four basic types af gravitational
waves, each with different sources and
characternstics:

1. Continuous Gws

When a single rn@
cnnllnunus GWs a

When a binary system, such as binary
neutran stars, binary black holes, ora
neutron star and black hole orbiting
each other, compact inspirational
GWs are producad.

3. BurstGws

These are produced by violent evenls
like zupermovae, gamma-ray bursts,
or cosmic strings.

4. Stochastic Gws BS Maodel

Stochastic GWs are weak, random signals of GWs which are produced by superpasifion
of many waak gravitational wave sources, such as distant binary systems, Thesa G\Ws
are the most difficult to detect.

airplanes, elc. are included in it. Th& ma

are oo small to maka gravit
instrumants.




Dirad ARy
it NI

: binary systems (also termad as
binaries) orbit each other, they emit
gravitational waves, which can be
detected by observatories like LIGO
(Laser Interferometer Gravitational wave
Dbservatory) which iz situated in USAand
Virgo, a large =cale gravitational wawve
cbservatory in Cascina, lialy. The waves
carry information about the system's

mass, spin, and marger dynamics, : '

i . ; : Ficture of a series of concentric sphemes, with the
aﬂ'an_ng hlns:ghlﬁ intg Iha.sa BXITAME Lo evetsm at the cariber, fadiating gravity waves
cosmic objects, and move with the speed  pwward into the cosmas.

of light.

waves thal ¢ i | IF-a
1 bourd by the l:rrrl-alr:.r
5 gra'-.rlt)r instead, they travel freely

through spacetime at the speed of light. The
waves propagate through the universe,
weakening in intensity as they distance

themselves from the source.
The characteristics of GWs depend on the 4. prees cairy the malbematical signatirs of
system’s properties, such as: gravitational waves

+ Massesof the ohjects
» Drhital perod and frequency

o Ecceniricity of the arbil: Eccentrcily ¢ 1s ameasura of the amaunt by which an object
deviates fram a perfact circla.

g =0 Circular orbit

g8 =1 Parabdlic trajecto @ \\\

Hyperbolic
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ENEHII‘NE Distortion / Tidal Forces

Gravitational waves passzing
through a body with mass can cause
tha body o experiance periodic
stretching and compressing, also
known as "spacetime distortion™,
This effect is known as "idal forces®
and is 8 result of the gravitational

wave's oscillating nature. As the -
gravitational wave passes through Spacelime curve of an artificlal and a natural aatallite

the body, it causes the spacetime around the body to oscillate, leading to & periadic

stretching and compressing of the body in the direction perpendicular o the wave's

propagation. This effect is similar to how the fides on Earth are caused hy lhe

gravilational pull of the Moon and Sun, a0
((\

The amount of stretching and compressing deperbds W@dgﬂ@p’f tlj&g?’awtatlunal
wave, as well as the mass and s{ze of (b bty | xmﬁrpﬁﬂanl prediction of
Einstein's theory :)féaneral m}aﬁu\n#
Gravitational waveg g \gﬁqe ‘l;ecl\h\ A\
rarn!’rcalesﬁq Pﬂ\ﬁ\\ﬁ E;tnaame
rﬁfgﬁws D black holes or

lars, pass through the
Earth. However, the amplitude of

these waves is extremely small,

typically of the order of 107 1o
10~ metres. This means that the Spacelime curve shown by twe sabollles

distortion causad by the gravilational wave is incredibly ting, and raquires axtremely
sensitive instruments to detect.

7 )/r\\

Despite their small amphtude, gravitational waves offer a unigue window info
the universe, allowing us to study strong-field gravity, test general relativity, and
gxplove the universe in ways previoushy impossible.

8.7 INTERFEROMETER

An interferometer is an optical tool used in detecting gravitational waves. It is a very
sensitive detection device that may use the interference of LASER (Light Amplificaton
by Stimulated Emission of Radiatoin) beams. The basic Michelson's :nteﬁergm&tef@ﬂ
be seen in Fig, 8.9, r’m Z \

An interferometer that detects g grawta‘m:y\ad waws 15 El ﬁ'ghl? s&nsiﬁrva 1n5trument that
uses LASER light to measure !m:.n' mgnges i disl/aht:ﬁ be:u‘m&n mirrors, caused by
gravitational wam@)passnjg Mrﬁugluqe deleelors. These intedferometers are called

N “ JI ”“
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L (LASER Interferometer g . e
Gravilational Wave Observatory).

The main differences between LIGD

and conventional interferometars

ara:

(a) LIGO is 1000 timas larger than
conventional davice, and
; Input
(b) LIGO uses LASER whereas o e

> Fatry-Peral canily

conventional interfaromatar Eering \*‘ / Fabry-Parmt carvity

has normal light source. i
Basic Components of o H
GW Interferometer e ﬂmr/-’ Crie End

The basic components of a
gravitational wave interffercmetar
are:

2. Power recycli
through the

litter divides the LASER beam inlo two parpendicular beams.

4. Mirrors reflect the beams, creating twio perpendicular amms.

5. Fabry Perot cavity consisis of two mirmars facing sach other, The purpose of the
cavity is to enhance the pathlength.

6. Photodetectors measura the returning beams, detecting liny phase shifts (if any).

7. Arm cavities enhance the LASER light, increazing sensitivity.

Woerking of Interferometer

A lazer beam I split into two perpendicular beams, each ravelling down two identical
paths (arms) of the interferometer. The beams bounce off mirrors at the ends of each
arm and return 1o the starding point, where they are racombined. Il a gravitational wave
passes through, it causes a tiny disturbance in the distance between the mirrors,
resulting in & phase shift between the two beams,

When the beams recombine, they create an interference pattern, which is measured by
a photodetector, Tha lmy phase ahrﬂ cauaad by the gmvlta' B

Gnmpla:LDnM S le . s/uhiveres's g v&awereuhsmadfﬂt
the very first time By \LI wikatd




years for the waves to amrive at the LIGO detector in the USA, On their work on
chservation of GVWs, Rainer Weiss, Barry C. Barisk and Kip 5. Thraone received nable
prize in 2017 It is intaresting to note that one of the leam mambers, Mergis Mavalvala a
professor at MIT (Massachusetts Instituie of Technology), belongs to FPakistan.

Virgo Detection

Similar to LIGO, there is another faclity for measuring gravitational waves. This is called
Virgo, which works under the European Gravitational Observatory (EGO) Cascina near
Plza, ltaly. Virgo ks alss an interferometer with two arms of 3 kmwhereas LIGO has 4 km
arms, The Virgo Observatory is named after the Virgo constellation, which is visible in
the night sky during the months of March, April and May. The Virgo cluster is a group of
about 1,500 galaxies about 50 mLYs (Million Light Years) away. Remember one Light
Year (LY) is a distance which Bght travels in one year, The approximate value of
1LY = 9.5 billion km. Virgo has been involved in detecting gravitational wava EC@IW‘I

the first detection in 2017, EA‘ @

Example 8.5: If the gravi WavBs v (l)'n, find thair
frequency. &
Solution: 3 =4 B3

As
g
0 f = {ev=g
3 4 )
¢ ax10° I'E_ﬁ_"
4x10"m
= (0.75x10°%"
f = 75Hz
Example 8.6: A binary systam emits gravitational For Your Information
waves with a frequency of 10" Hz. What is the THI
wavelength of these waves?

Solution: f = 10'Hz=10"5", ¢ =3:10°ms', A =7

As v o= fi

or L=

¥

| e
—
=

1]
[-=]
o
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@ QUESTIONS

| Multipie Choice Questions [

Choose the correct option.
8.1 Tha phenomenan of polarization of ight is:
(a}the process of scattering oflight
{b} the propearty of light 1o vibrate in a specific plane
{c) the ability of light to travelin a straight line
(d} the phenomenan of light changing colour
8.2 Malus's law states that:
{a)} the intensity of light is directly proportional o the square of the cosine of the
angle betweaean the light wave and the analyzer
(b} the intensity of light is directly proportional to the square of the sine nr

batween the light wave and the analyzer
{c) the intensity of light is drrecﬂy L4 ht Wave
and the analyzer '

{d} the MtEnsI@ the angle between the light wave
and lha AN

T passes mmugh a polarizer:

(b)dacreases
(d) becomes 7ero
8.4 The angle betwean the light wave and the analyzer is caled:
a) paolarization angle (b} refraction angle
b) reflaction angle {diazimuth angle
8.5 Thekey purpose of ananalyzer ina polarization axperimeant is:
{2} to polarize the ght {b) to measure the intensity of light

() 1o change the direction of light {d) 1o filer out unwanted light
8.6 The mathematical representation of Malus's law is:
{a)}l=] cos’@ {byl=1 sin B
{e)l=1itan’8 {dyi=1 cot’6
8.7 The eflect of iIncreasing the angle between the Eght wave-and the analyzer on the
intensity oflight is:
{(a)the intansity increasas (b) tha intansity decreases
(c) the intensity remains the same(d) the intensity becomes zero

8.8 The conditben for maximum intensity of Bght In a ﬁdanzatmz 7

{a} the kghtwave and Bnalj.rzarare ar -




8.8 he unwanted hight that interferes with vision istermed as;

ia)hare {b) glare {c) contrast (d} fiara
8.10 Who predicted the existence of gravitational waves?

(@) Galileo Gallel (b)Albert Einstain

c}ssac Newlon (d) Leonardo da Venci

8.11 Whal ara gravitational waves?
(a) Electromagnetic waves (b} Mechanical Waves

(o) Oceanwaves {d) Ripples in the fabric of spacetime
8.12 Which is the primary mathod used {o detect gravitational waves?
(@) Optical telescopes (b) Radiotelescopes

(c) LASER interferomeldry {d) Gravitational lensing
8.13 Which of the following is a primary source of gravilational waves?

{a) Binary black holemerger  (b) Solar flares

{c] Earthquack {d) Supernovae

8.1 Why are the pﬂlamld
8.2 |slightfrom tHeks

8.3 Howis Malys's ‘& : ‘ ifa?
HW applications of Brewster's angle?
8.9 /N is the space-time curvatura’?

|@ Constructed Response Questions ) |

8.1 Write down some applications of plane polarized and circularly polarized light.

8.2 Would it be possible to use a polarizer as an analyzer? If yes, give at least two
examples.

8.3 Explain how Malus's law iz used in the design of polarized sunglasses, How do
these surfaces reduce glare from reflective surface? Provide an example fo
(ustrate your answer.

8.4 Howwill the sky appearifthere had been no atmospherse?

8.5 Whatisthe significance of detecting gravitational waves?

8.6 How are tidal forces formed?

[] Comprehensive Questions )|
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What is & polaroid? Explain iwo main applications of polarization.

H & What are gravitational waves? Describe the basic types of gravitational waves.
8.7 Whatis aninterferometer? Describe the hasic Michelson's interferometer in detail,
8.8 Whatis meantby opticalactivity? Discuss it

| Numerical Problems ||

8.1 When an unpolarized light of intensity | is incident on a polarizing sheet, find the

intensity of light which does not get transmitted. LAnE: -%'- )
8.2 A polarized light beam passes through a polarizer at an angle of 45°. Find the
intensity of the transmitted kght if the initial intensity is 100Wm", (Ans: 50Wm™)
8.3 AlNght wave passes through a polarizer with its electric field aligned at 30° to the
horizontal. If the amplitude of the wave is 10 unitz, what is the amplitude of the
wave passing through the polarizer? 3
8.4 What angle is required between the diraction of polass)
polarcid filter to reduce s intansi

o

amiuad I|_ght B maxlmum Thmugh what aﬂgla must aither shaal ba rnl,atad if the
imtensity is to be dropped by half? tAns 45"

8.7 We wish to usa a glass plate of refractive index of 1.5 in air as a polarizer. Find the
polarizing angle and angle of refraction. 1Ans 563, 33.7 respectivaly)

8.8 Atwhatangle of incidence, will light reflected from water be completely polarized?
{Ans; 53°)
8.9 Abeam of unpolarized light is incidant on a stack of four polarizing sheets that are
linad up so that the characteristic direction of each is rotated by 30" clockwisa with
respect to the preceding sheet. What fraction in percentage of the in::i:lent

intansily be transmitted? (Ans: 21%)
8.10A polarizer and an anakyzer have their axes aligned at 60°. What is the fraction of
the initial intensity that emearges? (Ans: 0.25)

8.11 Iif the gravitational waves have a wavelength of 3000 km, fi r i
assuming it moves Mlhth&apaedcﬂlwr? ;\\W

Q



