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A Epace-lrme can cause tha
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yary minstes ampliode.
Degcribethe Uea ofirterferometaming
[Interfercmelam e vary senailive Elec

g araviatonalwavae,

disvie thist make wae of e interferences of lnser

his chapter deals with two maior areas of physics namely polarization of ransverse

waves and gravilationalwaves.
8.1 POLARIZATION OF LIGHT

Physical optics with reference to polsrization deals with the
behaviour of light waves and theirinteraction withmatier.

Interferance and diffraction effects prove the wave nature
of light. These phenomana, however, do not tell us whather
the light waves are longitudinal or transvarse. Polarization
of light suggests that the light waves ara fransvarsze in
charactar.

In transverse meachanical waves, such as produced in a
stretched string, the vibrations of the partides of the
medium sre perpendicular to the direciicn of propagation
of the waves. The vibrations ¢an be confined aleng vertical,
horizental cr any other direction (Fig. 8.1}. In each of thase
casss, the transverse mechanical wave is said o be

Fig. £.1: Tnevores wavas
on & siring polurized
(@)in a veartical plane, and
{byin & horzontal plane
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polarzed. The plane of polarization |5 the plane
contgining the direction of vibration of the parlicles
of the madium and the diredlion of propagation of
thewave.

Alight wave produced by oscillating change consiss

of a perodic variaton of the slactric field vector E

accompanied by the magnetic field vector B at right

anglas to it. Ordinary light has components of

vioration in all possible planes. Such a fight is

unpalarized. On the other hand, if the vibrations are

confinad only In one plane, the light Iz sald to be

polarized. Unpolaized light isshowninFig. 8.2, E&

Examples of unpolarized light sourcas are sunlight,

incandescent Nght bulbs, fucrescent light bulos, L%, 52 (A0 Uporzsd ki, dus fo
light from a candle orfire. phrm.

Polarization is the process by which the slectric and magretic vibrations of light waves
are resltricted lo a single plane of vibration. It is the property exhibited only by transverse

waves such as light waves. It does not oceur for longifudinal waves such ax sound
wavas,

How an Unpolarized Light be Polarized?

An unpolarized lightcan be mada polafzed by the followling methods:

1. Passinglightthrough a polanizing fifter {e.g, polaroid shest).

2 Using apolarizing beam splitter.

3. Employing certan opticalerystals or matarials {e.g., calcite, quartz, sic.}.

Tha met common method bywhich an unpolarizad light can ba polarized is by passing
it through a polarizirg filter, such as a polarizing bearn splitier or a palaroid sheet. When
an unpolarized fight passes through the polarized filter, only that eleciric field vactor
which is parglle! to the
axis of polarized filter can
pass through it, while all
other vectors are blocked.
Tha resultant lighl then
becomes polerized as

Polartrad fllkar

: T Ads  Polrizaion
o .d'"N " direction

shown in Fig. 8.3. B @4 . ~ Direction
Thus, in simple words, the l\\w ‘fj"”
process of rensforming an / T e A
unpclarized light Into a ~.

polarized light is said to be >

polarization Fig. 8.5: Polerization of light usng a polarized fiter
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Tha odentatlon of the electrc fleld vaclor E of light
waves in & specific direction is the basis of Polarization.

8.2 TYPES OF POLARIZATION Y Epace (3R)

Here are the basic types of polarization of light.
1. LinearPolarization _
When the electric field vector csdilates in a ™
single plane, light is said 1o be linearly polarized
as shown in Fig.8.4 {(a). Example is the light ¥
passing through & polarizing fllter, llke  Fig. 8.4 (a): Linear polarizaion of Nght
sUngiasses.

2. Circular Polarization o
When the electric field rotates cirularly, | o | T

either clockwise (right-handed), or i ke %

counterciockwisa (lsfi-handed), the light o | Dinscton o
is said lo be circulady polarzed as ___?P‘”Flﬂm

shownin Fig.8.4 (b). Example is the light
reflected off @ CO (Compaect Disc) or
CWD (Digital Versatis Dise). Fig. 8.4 {8): Circuar polsvization of light
3. Elliptical Polarization

A combination of linear and circular poiarization,
wihera the lacinc figld vector iracas an alliptical
path |s called sliiptical polsrzation. In eliptical
polarization as shown in-Fig8.4(c), the two
components of alectric field £, and E, are not
agqual orthey diffar in phass by en arbitrary angle
4. Example is the light passing through a stress
plats or a waveplats,

8.3 PRODUCTION AND DETECTION OF PLANE POLARIZED LIGHT

The Eght emitted by an ordinary incandeacent bulbis unpolarized, because its electrical
vigrations are randomly oriented in space as shawn in Fig.8.2.

If unpolarized light is made incident on a sheet of polaroid (polarizer), the ransmitted
light will be plane polarized. If a second sheet of polaroid {analyzer) is placed In such a
way thatthe axas of ths two polarolds shown by stralght lines drawn on them are parallal
{Fig. 8.5-a}, the light is tranamitied through the sacond polarcid. if the sacond polanid
{analyzer) is slowdy rotated about the beam of light as axis of ratation, the light emerging
from the sacond polaroid gats dimmer and dimmear and uitimataly disappsears whan the
axes become munially perpendicular ss shown in Fig. 8.5(k), the lighl reappesrs on

Fig. 8.4 |a}: Elipfical polzrizalion of light
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further rotetion and becomes brightest
when the axes sre again parallel to aach
alher,

This experiment proves that light waves
are ransverse wawas. If the light waves
were longitudinal, they would never
disappear even if the two polaroids wara
mutually perpandicular.

Unpokartzad

{i1] ( fight beam
i B.S5:
Light reflacted fram amooth surfnce '-F meanial arangemant o show that
of water is parilally polanzed p WAVER A9 trangverse, Tha |ines with
parals tothe surface, _anows indicas alclric vibrations of light waves

8.4 POLARIZATION OF LIGHT. BY THE METHOD OF REFLECTION

In 1808, Malus discovered that polarized light is abtained when ardinary light is reflected
by a plans shest of glaas. If tha raflacted light is viewed through & polaroid which s
slowly rotated about the line of visicn, the light is praclically extinguished at 2 certain

Rey Dlagram
Hoerall
Wiew thiotigh &
podariod
Yiwafons
Piang polodrad Rgh

Refsmted light
Fig. B.6: Flenae polarzation by reflaction
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arientation of the polareid. The most suitable angle of incidence ' is about 57° for glass
forwhich the reflacted ray becomas plane polaized, as liusirated by ray diagram In Fig.
{B8.6). This proves that the light reflected by the glass is practically plane polanzed. Light
reflectd from the suface of a table becomes darker when viewed through a rotated
polarold, showing thatltls partally plane polarized.

Brewster's Law

The particular angle of incidence on a ransparent medium when the reflected lighl is
almozt plane polarized is called the pelarizing angle. Let a beam of unpolarized light be
made ingident on the surface of medivm 2 as shown in Fig 8.6, Ifthe reflecied beam of
light is almast plane polarized, the reflectad and refracted beams ara at right anglss to
eachotheratthe polarizingangle. /=8, Thus

8,+8, =50°

ar 8, =80"~86,

From Snall's law, I'_ § Imterursting imdommation | ]

= (Malue's law ja usad t cludy he
n;sfrﬁ_ M_"B’ ‘paianzation of light in bhological
n.8ing, =m.sinf80°-8,) systams, such as te polarzation
g of lightby cell membranse.
e, ik
cosg, o,
0, % T8 o (8)
1 o

This equation |s known as Brewster's law. (n this squation, m, Is refractive Index of
medium 1 and &, Ia refrattive index of medium 2. If medium 1 i air, then egqusation
becomes tanil, = a beciuse n, = 1 and n,= n. Hare n & refractive index of medium on
which light is |ncﬂd9r|=t. Hence, Brewastar proved that the tangent of the angle of
polarizationis numericelly equal to the refractive index of the mediun 2 when medium 1is
alr. In Brawster's |aw, the angle '8, for which the reflected ray and the refractad ray make
an angl&ufﬂﬂ" between them, is alsc called the Brewster angle 8;. Then, tang= n halds.

Luunwﬁ! | Abeam of light strikes the surface of a plate of glass with & refractive
Im:lnx nfsﬁalhu polarzing angle. YWhat will be the angle of refraction of the wave of

"?:t;l?tru:m 4= B , B =7

A3 tanly, =

or B = tan’ (W/3)
s = B0°

As & = 80°-8, § =90°-60°
B = 30°
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8.5 MALUS'S LAW

Malus's law statas that tha intensity [ of plana polarized light aftar passing through an
analyzer is directly proportional o the square of the cosine of the angle 8 between the
transmission axis otthe analyzer and polarizer, Thatis;  roiissd igh

I« cost Bt i
= Lmﬁzﬂ Inkial poksrirsr

whaere /, = Intensity of the

incident polarizedlight.

Aciually, Malus's law gives a
mathamatical relation between . "%
the intensity of the ightincident 1ght

on the first polaroid (i.a., Componant of polarzod lipht paralie
polanzer} and the Intensity of b B F W WRycne

light obtained aler passing it Flg 8.7{a): Smnmﬂcmmﬂualmw
through the sacond polaroid (i.e., analyzer). This is shown in Fig. 8.7(z). An analyzeris
also a polarizer that is placed aftar a polarzer. Rotation of the analyzer affeclts the
intansity of the polarized light. It iz used to further raduca the intensity of light and alsc
adjustit by adjusting the angle of the analyzer with respact o the polarizer,

Certain ansparent crystalline materials, ke tourmaline, calcite crystals, elc., are
capable of confining vibrations of light waves in oniy ong plane. Such materials are
called polaroids which have high directionsiity in crystal structure, Light can also be
polarized by natural phenomenalike reflaction, refraction and scattering.

If a place of polarold & rotated In front of a Plara of

polarized ray of light, it causes a varigtion in the polarizer

intanaity of the light that gets through. The

regson that causes the varation of intensily s

the angle belween the inilial polarizer and the

axis of sacond polarizer,

When the incident polarized light of amplitude A,

atrikas the analyzer at an angle §, itis resolved

Into two components A,coef and Agsing as

shown in Flg. 8.7(b). The component AsinB I8 4z
absorbed in the analyzer Since, only Ajcosb

paseas through the analyzer, the amplitude 4 of

the transmitted light is therefore, Fip8 7{b): Resolution of amplitude inte
components of plane polarizedtion Ight

Pluna of

A=A cozb SOV, .=
Since intensity ! is proportional io the square of the smplitude A, [tsan be expressed as:
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te sorimiA ey o) N
wherek=1, wecanwrite; | = A*
or f = A cos'e Polirizon-2
Poanzsr-1
= Leose (=A% wummL

Here [, is the intensity of the InsdeotBeam

incident polarizedlight. M """{ e

There are wo extreme conditions

of & followed by the above squation

given asg,

i. Wg=0",thenf={. Thizmsans
the Intensity transmited
through the analyzeris equal
to tha initial light intansity that
pasges through the polarizer.

..an
[

L@tpﬂs:l_rfg Ii!rqél'gh CIossad polarzers

i. If&=90" then f=0. This means the light is exiinmiﬂled completely, L.e., nolightis
allowed to pass through the analyzar.

Optical Activity

Optical aciivity is the ability of 2 substance forotate the plane of polarization of light passing

through i The rotation is detacled with a polarizer or analyzer as shown in Fig. 8.6,

Many orystals and solutions rotate E H’“{mg i

the plane of polarization of light _ Opdeally

pessing through  them. ~Such : e

subsiances ars said to ba optically [ ; { Analyzer
actve. Examples are quartz cryetals, s '~
cinnabar (4,8}, sugar water, insulin %f ./df Az
and collagen, The amount and I I E
dirgction of rotation depends on . [ s t
following ram Flg. 8.8 Optical actl«ity .

(i) Thelypsof substance I @inseresting micrmation ) 1
(il The concentration of the substance (tha :hmlariaad f’tlaﬂaﬁ
amount of a substance present in a given e o

guantity of a mixture or aclution. *O @
(i) Thedistancethe light travelsthrough L and BeigAr Roikion
Falarizar .ﬁnalmr

(iv) Thewaveiengthoflight. Bugar solution rolstes ihe plane

F o . D at o iaen g 20 Bt
Optical activity oceurs due to the asymmetric shape of P hi"w" ok F’;;':‘ i

mclecules in the substance, such a8 baing helical. Afew  anglsa.The analvzerthus sinss the

| light when rotated from the vertical
milimetrs thickness of such crystals will rotate the plane (318 En FHEEC




I thpis |i,_|' —"@)‘-"—-‘;m«neer{n Physical Opthes and Gravhatonsl Waves [0

of polarization by many degreas. Certain organic substances, such as sugarand tartaric
acid, show oplical rotation when they are in & selutien. This property of opfically ecive
subetances can be used o detemine thelr concentration In the solutions.,

| Example 0.2 [ Find the refracive index of 8 medium if polarizing angleis 54.5°,

B i
= me=—1m

As tang, = n
or L = fanég, P e ",,-ﬁi.,ll
So n = tanbd.5" s P
n =14 'f N =t
[ Exampic 5.3 [ Polarized ight with an intensity of 7§ W TR ey~
m* passes through an gnalyzer with s exis at 30° o the — ' .f.
polanzer's axis. Whatis the emarging intensity ? 1 / o 5
L, = 75WmSe=301,1=2 |
Using Malus's lae: _i ] !
! = Lm.,‘ 8 & _-NMT-:' Leokng thiowgh twe polafzecs  when
I = 75Nm® mfaﬂp mﬂhw vary itbe: light
= 75Nm"® (0.866)
= 75Nm°x0.75
| = 5625Wm’

i Exarepic 8.4 Jii Apﬁ@l&fﬁﬁght with an amplitude of 5 units passes through a polarizer
with [ts electric fieid aligned at 60° to the original polarization direction. Find the
amplitude of tha wave aftarpassing through the analizar?

Wsousianfl, (2,

VA, = Sunits,9=60",4=7
Lising Malus's law:
A = A, cosk . W Fadbit '
or A = GeoosAD" A beamn of unpolardzad lighi pazese
) theough & fogoy atmosphese. Tall the
= Sx03 polarization stabe of the seabisred By,

A = 2.5units
Importance of Polarization
The immense significance of poiarization of light mey b justified by various fields:
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1. Optics and Photonics

Polarization is essential for applications like polarzed sunglasses, LCD {Liquid Crystal
Display) screens, and optical communication systems.

2. Imaging and Microscopy

Poladzation enhances image quality, redusing glare (unwanled light that interferes with
vislonjand improving contraet, espaclally Inmicroecopy and medical Imaging.

3. Medical Applications

Polarization is used in cancer diagnosis, issue imaging, and Iasaraq.rm levaraging
Its bty to distingulsh between different tissue types.

4. Astronomy

Polarization helps us to analyze coamic phenomeana, ke thes pu_fi'l'izétinn of light from
distant stars orthe cosmic microwave background radiation.

5. Miscellaneous Fields

Polarization has importance in miscelianscus figlda such as optics and photonics,
imaging and migroscopy, biclegy and chemisiry, cemmunication aystem, ete.

Two Main Applications of Polarization

Polarizers, also known ag polarizing ilers, have twa main applications:

1.  SkyPhotography

Acamara which is used to photographthe

clouds s fitted with a polaroid. The It
r.:umhg from the sky is polarzed by the m%;l‘:uﬂ*;w

polaroid. o e g by
In sky photography, polarizars are used o
reduce the glare and haze which are
produced by the. scattering of light by
small particies of molecules prasent in the
atmosphera. Polar|zers aleo enhance the
contrest by clocking the exceasive bright
white llght while allowing the other colours
to pags through, thus creating a brighter
detailed image. Thus, allows to improve
tha overall Image quality.

r Stress Analysis of Materials

In materials science, polarizers are uzed to analyze the stress and strain on materials,
such as plastics, metals, and glass.

Yhen a material is stressed, its molecular structure changes, affecting the way, it
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interecta with light, and interference patterns on fringez ane formed which in tum gives

gualitative information about the materal. By shining polardzed light through the

transparent malsrial and analyzing the changes in the light's poladzation, the

resesrchers can:

= detetmine the material's stress patterns

= |dentlfy potentlal weakneszes or defacts

=  analyre the material's oplical properies

= undarstand how tha mataral will behave under different conditions. This technigue
ls known as "photoelasticlty” and is widely used in fields like enginesting,
materials science, and quality contrel. \

In both cases described above, polarzers play 2 crudal role inmanipulating light o

achieve specific goals, whether it is enhancing image quality or analyzing material

properties.

8.6 GRAVITATIONAL WAVES (GWs) _ 7~

A gravitational wave is a streiching and compressing of
space-timea and can ba obsarvad by measuring the change
in length between two objectz, o
Gravitational waves [GWs) are actually: ‘.
"Ripplas in the fabric of space-lima, produced by viclent
cosmic events, like eclliding black holes or neuiren stars

Albart Eh‘lllill‘! I{'I BETa-1 ﬂﬂ-}
A Genman bom Theoretica|

that ravel at the speed of light, carmying information about Phywiniat
thairsource.” Ine of the Word's renowned
seinndists.

The simplest exemple to understend GWsis given below;

If we throw a stone Into a pond, the stone creatas ripples on the water surface (spaca-
time). These ripples travel outward, camying information about the stone {the cosmic
swvant], They can be detected on the shors by (gravitational wave obsarvatories),
revaaling the stone's presence and propertles.

Prediction and Detection

Gravitational waves are a pradiction of Einstain's thaory of ganeral relativity which is
canfirmed by observations and is opening 2 new window into the universe's most
extreme phenomena.

According to Einstein's genaral theary of ralativity, gravity is not a force, but a curvatura
of space-ime cauvsad by massive bedies. Gravily i ke a dent in a melireas. Heavy
things wrap the space around them, and thal is why we feel gravity.

Gravitational waves, as initislly predicted by Albert Einstsin in 1916, ars ripples in
spacetime that wers first detected in 2015, but announced in 2018, the fimt
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obsarvation of its kind: the detection of =T

gravilational wavaes, produced from two
coliding neutron stars. In this type, there is a
gradual increasa in frequancy and amplituda of
GWs,

A Binary System [B3) in the context of
gravilational waves refers to "a system
consisting of two compact objects, such as
biack holes, neufron stars, or white dwarfs,
which are orbiting each other and emitting
gravitational waves "

FourBaslc Types of GWs

There are four basic types of gravitational

waves, each with different sourges and

characteriztice: Aatrophysicta st MIT knawn for her work
grawvitalional wenves

1. Continuous GWs ey e "

Whan a single massive objact spins with a constant rate, such as a nautron star,
continuous GWs are produced with a constant freguency and amplitude. White dwarf
binary systems produce confinuous GWs.

2. Compact Binary InspirationalG\Ws

¥hen a binary system, such asbinary
nautron stars, binary black holes, or a
neutron star and black hole orbiting
each other, compasct inspirational
CWsare producad. )

3. BurstGWs

These are produced by violen! events
like swq\rﬁﬁ, garmma-ray bursts,
orcosmic sirings. - . '
4, Stochastic GWs 85 Model

Stochastic GYWs are weak, random signals of GWs which are produced by superposition
of many weak gravitational wave sources, such as distant binary systems. These GWs
are tha most difficult to datect,

Every physical cbject that accelerates, produces gravitational waves. Vehicles,
airplanes, etc, are includad in it. The masses and acceleration of objects on the Earth
ara too small to make gravitational waves big enough to be detectad with our
insiruments.
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As the binary systems {also termed as
binaries) orbit each other, they emit
gravitational waves, which csn be
delecied by cbservatories like LIGO
{Laser Interderometer Gravitabonal wave
Obsarvatory) which is situated in USA and
Virgo, a large scale gravitationa! wave
observatory In Cascing, Italy. The waves
carry Information aboul the syslem's
mass, spin, and merger dynamics,
offering ingights into these extreme
coamic abjects, and move wilh the spaed
of light.

The binary systeme are significant sources of gravitational waves, and their meroans
{ecllision and unicn of two massiva objects resulling mors massive single object) are
among the most intenss cosmicavants. \

As the masses orbil and accelerale, their
gravitational intensity fluctuates, generating
waves that radiste outward in all directions:
These waves are not bound by the binary
system's gravity; Instaad, they travel frasly
through spacetime al the speed of light. The
waves propagate through the universe,
weakening in intensity as" they distance

Picture of 2 5enes of concentric Sphers, with the
binary system at the center, radiafing gravity waves
outwardintothecosmos. |

thamsalvas from thasourca.
The characteristics of GWs depend on the e forcas camy the mathematics: signaturs of
systemn's properfies, such as: pravitational wavas

« Massesofthe bbjects
» Orbital pariod and fraquency

= Eccentricity of the orbit Eccantricity & 15 @ measurs of the amount by which an
objectdeviates from a perfect cirale.

e=10 Circular orbit
a=1 Parabolic trajectony
ex=1 Hypertolic rajectory

O=e =1 Elliplical orbit
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Space-time Distortion/Tidal Forces

Gravitalional waves passing
through a body with measa can causa
the body to experience pericdic
siretching and compressing, also
known as "space-time distorlion”,
This effect is known as "lidal forces®
and is a result of the gravitational
wave's oscillating nature. As the i

tha body, it causas the space-ime around the body to oscillate, leading to a periodic
siretching and compressing of the body in the direction pemendicuiar io the wave's
propagation. This affect iz similar fo how the tides on Earth are caused by the
gravitational pull of the Moon and Sun.

The amount of siretching and compressing depends on the strength of the gravilational
wave, a3 wall 23 the masa and aize oftha body. Thia aeffectia an important pradiction of
Einstein's general theory of relativity.
Gravitational| waves generated by
faroff celestial events, such as the
merger of two black holes or
neutron stars, pass through the
Earth. However, the amplituds of
these waves Iz exiramaly amall,
typically of the order of 107 to
10® melres. This means that ihe Spacatima cunve shown by o sstelllies
distortion caused by the gravilafional wave is incradibly tiny, and requires axiremaly
sensltdve Instrumenisto datect.

Despite their small amplitude, gravitationsl waves offer a unique window inlo the
univaraa, allowing us to sludy strong-fiald gravity, to tast ganaral ralativity, and to explore
the universe in ways previously impozsible.

8.7 INTERFEROMETER

An interferometer is an optical tool used in detedting gravitational waves. Il is a very
senslive detectlon devica that may ues the Intarferenca of LASER (Light Ampliication
by Stimulated Emission of Radiatoin} beams, The basic LIGG interferometar can be
seshin Fig. 8.9,

An interfercmeter that detects gravitational waves is a highly sensitive instrument that
uses LASER Kght to measure tiny changes In distance between mirrors, caused by
gravitationz| waves passing through the detectors. These interferometers are called
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LIGO (LASER Interferometer o ... e

Gravitalional Wave Observatory).

The main difarences batwaen LIGS

and convertional Interfercmetars

ang!

{a) LIGC is 1000 times largar than
conventional device, and

(b LIGO uses LASER Whereas poeer  momor
conventional intarferomatar mﬁw-ﬁa N Fabry-Pasol caviy
has normal light source.

midor
Basic Components of | hq‘=‘ j='

GW Interferomater /’T *~ Inutimimor

Bearn gplitter
The basic components of a
gravitational wave interferometer

are; Fig. 8.9 Basic LIG‘G Inbarerometsr
1. Laser that produces astable and high intensity bagam of light.

2. Powar recycling mirror confinually reflecte LASER light that has already travelled
through the instrument back info the inteferometer and hence the term recyeling is
usad.

3. Beamaplitterdivides the LASER beaminto two perpendicular beams.

Mirrers refiect the beams, ereatling two perpendicular arms.

5. Fabry Perot cavity consists of two minors facing each other. The purpose of the
cavily izto enbance the pathlength.

8. Photodetectors measure the returning beams, detecting finy phase shifts (ifany).

7. Armcavitles anhanca tha L ASER light, increasing sensitivity.

Working of Interferometer

A laser beamils-split into two perpandicular beams, each travelling down two idantical
paths {arma) of the interferometer. Tha beame bounce off mirnors at the ends of sach
arm and return to the starting point, wherae they are recomhbined. i a gravitational wave
passas through, ! causaes a tiny disturbance In the distance betwsen tha mirrors,
resulting in a phass shift between the two beams.

¥hen the baams recombine, they create an interference pattern, which is measurad by
a photodetector. The tiny phase shift caused by the gravitational wave aiters the
interfzrence patlemn, allowing the detector to sense the wave's presencs,

Figure &.92 s a simple figure of an interferometer, but in reality, it is much more complex.
Cn 14 September 2015, the universe's gravitational waves were obaerved for the
very firsttime by LIGO. The gravitational waves which were predicted by Albert Einstein

YFabry-Perot cavity

FPhoto deleclor

-
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100 years ago, came from a eollision betweentwo black holes. lttook 1.3 billion years for
the waves to arrive at the LIGC detector in tha USA. On their work on observation of
GWs, Ralner Welss, Bary C. Barlek and Klp S. Throne recelvad Nobsl Prize In 2017. It
ig interesting to note that one of the tearm members, Nergis Mavalwala a professor at
MIT (Mazseachuastts Instilite of Tachnology), balongato Pakistan.

Virgo Detection

Similar to LIGO, thereis ancther facllity for measuring gravitational waves. This is called
Virgeo, which worka under the Eurapaan Gravitational Observatory (EGO) Cascina near
Fiza, ltaly. Virgo is also an inlerfercmeter with two arms of 3 km whereas LIGO has 4 km
arms. The Virgo Observatory is named after the Virgo constel lation, which is visible in
the night sky during the months of March, April and May. The Virgo cluster Is & group of
about 1,500 galaxies about 50 MLY's (Million Light Years) away. Remember one Light
Year (LY} iz a distance which light travels in one year. The approximate value of
1LY =9.5billian km. Virge has been involved indetecting gravitational wave evenls, with
the first detaction In 2017.

| Example 5 [ If he gravitational waves have a wavelength of 4000 kam, find their
frequency. \
Hsomtionl & =4000 km =4 =10°%m , e =3408mg?, F=7

As v = fi
or F =;E {-v=cj
¢ - 30mg
411? m
f = 075210°s’
f = 78Hz

 Exampiz 8.4 [ Ablnary systam amits gravitational
waves with ‘@ frequency of 10" Hz. What is the
wavelength ofthese waves?

{solutlenP f = 107 Hz=10"98", c= 310" ms', & =7

As v = T
(#]
= W
ar : { ¥ c}
310 ma'
& 107 g
2 = 3x10'm
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[ Multipie Choice Questions ]

Tick ('} the correct anawar.
8.1The phenomenan of polarization of lightle:
(&) the process of scattering of light
{b) the property of light to vibrale in a specific plane
{c)tha ability of light to travel in a straight lne
{d} the phenomencn of light shanging colour
8.2 Malua's |aw atates that: :
fa} the intensity of ight is directly proportional to the aqunmni]ha cosine of the
angle between the lightwave and the enalyzer
(b} the intensity of light is directly proportional to Ihesquarguf lhe sine of the ange
betwaanthes light wave and tha analyzer ‘
(c) the intensity of lightis directly proportional tathafangia Eetwaen the light wave

and the analyzer
{d) theintensity oflight is inversely pmpmﬁu‘;aﬂu the angle between the light wave
and the analyzer
8.3 Thea Inleneity oflight when [t passes !hmtigl'r a pnla rizer
() increases {b) decreases
{c) remains the same {d] becomes zero
8.4 Thaangle batween the Ilghtm-u'ﬁ and the analyzeriscalled:
{a) polarizationangle -  (b)refraction angle
(c) reflectonangle -~ (d)azimuthangle
8.5 The key purpose Dfaﬂﬂnﬂlymrln a polarization sxperiment is:
(8] te polarize thslight i) to measurs the intensity of light

(c)tochange the directionoflight {d) tofilter out unwanted light
8.6 The mathemtival representation of Malus's law is:
@at= .fts:baﬁ {p) I=f,sin'8
(ch/=1tan* D {d)/=f.cot’'
8.7 The effect of increasing the angle between the light wave and the analyzer on the
intensity of ightis:
{a] the IntensliyIncreases ib) the Intenslty decreases
{cithe imensily remains the same(d) the intensity becomes zeno
8.8 The conditicn for maximum intensity of ighl in a polarization experiment is when;
{a) thelightwave andanalyzer are perpendicular
{b} the lightwave and analyzer are parallel
() thelightwaveandanalyzerareatanange of45’
(d} thelightwaveand analyzar are &t an angle of 60°
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8.8 Thaunwarted lightthal interferes with vision istemed as:

(a)haze {b)glare {c) contrast {d}flare
8.10 Who predicted the existence of gravilational waves?

(g} Galileo Galilei {RiAlbert Einstein

{c) Issac Newlon {d) Lecnardoda Vinc

B.11 What are gravitativnal waves?
(a) Elactromagnetic waves {b) Mechanical Wavas

(e} Ocsan waves id) Ripplas inthe fabric of spacalime
.12 Which Is the primary method usad to detact gravitational waves?
(a) Optical telescopes (5) Redic telescopes

(c}LASER interferometry (d) Gravitational lenging
8.13 Which of the following 18 a pimary sourca of gravilational waves?
(a)Binary blackhole menger (b)) Solarflares
(c)Earthquake (ed) Solarwind
@ Short Answer Questians |
B.1 Why are tha polarold sunglasses bettar than the ordinary sunglassas?
8.2 Islightiromthe sky partially polanzed? Hawis It 567
8.3 HowisMalus's law usad hmryﬂarjiﬁ? :
84 ‘Whalare theapplications of Brewsfer's anple?

8.5 Whatisthespace-time curvature?.

81 Write down some applications of plane polarized

82 Would It be possisle to use a polarizer as an analyzer? If yes, give at lzast two
axamples.

8.3 Explain how Malus's law is used in the design of polarized suriglasses, How do
these surfaces reduce glare from refiective surface? Provide an example io
illustrate your answer.

8.4 Howwillthe sky appearifthere had been no atmosphere?

A5 Whatisthe significance of detecting gravitaional waves?

5.6 Howaretidalforcesformed?

(@l Comprehensive Questions B

8.1 Deafine the phenomanon of polanizafion of waves. How doaa polarization of
glectromagnefic waves ocour? Algo classify the polarization of waves,

8.2 Howcanthe plane polarized light be producad and detected? Whatdoesit prove?

8.3 How can polarized lighthe obtained by the mathod of reflaction? Explain.

8.4 State Malus'slaw. Explainthaintenaity formula.
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85
8.6
87
Ba

8.1

8.2

83

84

85

86

87

8.9

8.9

Whatls a polarold? Explaln two main applications of polarzatllon.
What are gravitational waves? Describe the basic types of gravitzional waves.
What is an interferometer? Describe the basic LI GG interferometer in detail.
Whatis meantby optical activity? Discuss it.

§__ Numerical Problems ||
When an unpolarizad light of inensily ( is incident on a polarizing shaet, find the
Intansalty of Hght which doas not gat tranamittad. {Ang: —é }

A polarized light beam passes through g polarizer at an angle of 45° Find the
intensity of the transmitted light if the iniialintensity is 100Wm*. {&as 50Wm")

Alight wave passes through a polarizer with its electric field aligned at 30° to the
herizontal, I the amplitude of the wave is 10 units, what is the amplitude of the

wave passing through the polarizer? (Ans. 8.66 units)
What angle Is required between the direction of polaroid light and the axis of a
polarid ilter to reduce its intensity by 88%7 (Ans: 67.57

An unpolarized light hawving intensity of 15 W m™ is incident an a pair of polarizers.
The first polaroid filter has ita transmission axis at 607 from Ihe vertical. The second
polarcid filter hae |tg franemizslon axle at 20" from the vartical. Calculato the
intansity of light ransmitted to both filters. (Ans: 7.5 W m™, 5.6'W m™ | respactively)
Two polarizing sheets have their polarizing directions paraliel so that intensity of
emitted light is maximum. Through what angle must alther sheet be mtated If the
intensity s to be dropped by half? {Ans: 45%)
We wizh to uze a glass plaie of refractive index of 1.5 in airas a polarzer. Find the
polarizing angls and angle of refraction. {Ans: 86.3", 3.7, rezpectively)
Atwhat angle ofincidence, willlight reflected frem water be completely polarized?
(Ans: 53%)
Abeamof unpolanzed light |3 incident on a stack of four polarizing sheets that are
lined uprso that the charactaristic dirgction of @ach is ratated by 30° clockwise with
respect to the preceding sheet. Whal fraclion in percentage of the incident
intenaity be tranamitted? {Anm: 219

8.10A polardzer and an ahalyzer have thelr axes aligned at §0°. What ks the fraction of

theinitial intensity thatemerges? {Ans: 0.25)

8 11 If the gravitational waves have a wavelength of 3000 km, then find their frequency

asaumingit moves with tha spead of light? {Ans: 100 H2}




