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CHAPTER

PHYSICAL OPTICS AND

GRAVITATIONAL WAVES

STUDENT LEARNING OBJECTIVES

) Afier uud\m" this |h-|-nr Iln uluh nis mll Iu- .|hlc o

-
,o I ~|-,...r-r|-_ jlanzal vapl i nom associated wath transvorse waves '
Vo Dt ard opph Maluss las 1= L Coni® 1o caleulate the intensity of a plane-polanized electromag ey, |
! wave altor trag rsion throcgh o polanzing hiller or a senes of polansing, lilters [Cak ulation of lhss
' ettt ot a polinang nlter on e mtonsity of an unpolanied wave 1s not reguired) I
:' baplan the use of Polarosds inshy photography and stress analvsis of materials I
g0 Desinde guahianvely pravitational wavesfas waves of the ntensty of gravity gor tedd by the !
1 aceclerated masss ol an orbital inary sy stem that propagate as waves outward from their source at ih, :
] speed of hight) p
T State thatas o gravitational wave passes a body with mass distortion in space-time can caus the L-.-j!- tes o
U stretch and comproess poricdically i
: ®  State thal gravitational wases pass through the Earth due to far off colestial cvents, but they are of o ry I
: munute amplitudy
1® Descnbe the use of inloricrometers in delecting gravitational saves [Interleronwlons are vory wn Silive |
I deteethion devices that make uwe of the interference of laser beams {working and «et up details are rcd 1
i

vore used 1o fiest detect the existence of gravitation ) waves|
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POLARIZATION OF LIGHT

1 fine the rhenomenor. of prlanization of waves. How does polarization of l'lc'('lruma;npﬁ(

wases occur? Also classifly the polarization of waves.

o

DEFINITION OF POI ARIZATION.

Volarizavon as the F‘h"nf‘ml'nrlll where the osallations of a wave are restricted to a -
single planc or a specific pattern perpendicular to the direction of wave propagation. (1
Itis a property that only transverse waves exhibit

How Polarization of Electromagnetic Waves Occurs: 21
Fecromagnetic waves, such as light, are transverse waves consisting of oscillaung )

clectric and magnenc ficlds perpendicular to cach other and to the direction of

propapation. In unpolanized light, the electric field osallates in all possible planes p

perpendicular to the dircction of travel. Polanzabon occurs when these vibrations é

are himited to a single plane or a speaific pattern. This can happen through

. Absorption  (Polarizing  Fillers): Materials like polarcad  shects have
molecular structures that absorb electnic field components vibrating in

-

ri.y 4 15w lude allowing ot A
coertun dir s wlule allowing ot r:.tup..l'.slhruu;ll 56.8:1- Transeorse waves

- Reflection: .!..n unpolariscd hight reflects off a non-metallic surface at @ enastring polarzes
spovitne angle (Browsters angle), the reflected Light s omes partially or ':’?::::;’,;‘:::,:'4
vompletely polarizcd

- Refraction. Sy rvstals, hhe calaite, can sphit an unpolanized light beamoante two retracted beams
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W does a polarizing fm-r work?
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aTE paral b e §
blacked The light that conmes et is fhen prlerizsd A
;1 . m,}e wr.-.'ds, what is polarization?

f! F..T iarizatcr s the process of charg)
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Plane of polarization

Tre plane of polanization is the flat surface thet contara both he divertion of

e partcles’ wibration and the drection the ware 5 m

An “ﬂpﬂhfllld !l}:]‘-! wave: A ligi® wave i rade ef tleetrwr Forid o

s magnete field () vectors that char gr periodically and ave at vy T —
g o each other In ordinary Light, these vibrations huppen

r,“,;adrct.n'z Suct f,;:, i called * z 2 r
Eﬂmp!ﬂ of unpolarized light sources: Surlighe, regular Ly ¥ 4 > -
aorescent light bulbs, and hight from a candle or fiee are wrarnples of - ..
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arpolarized Light s
CLASSIFICATION OF POLARIZATION OF WAVES:
The basic types of polarization for light waves ase

1. Linear Polarization: The electric firld vertor cmcilisteos back and § = 2

\_r?).‘p.'_af\' .
1. Gircular Polarization: The =lectric fi=ld vertor rotates in a ciecle. siffer ;
tleckwnse fnght-handed) or comnterclocwne fr-barded| 2 - o L *

v The mr vrrutud tof thee elwetric §

propagates ! remma _/

1. Flliptical Polarization: clectrw f versne Pra -
This 15 a general case e hades | ¢ and circolsr © - > 8. i s—— e
special cases, where the electric finld components pragit be

e an arbatrary ;_.Z'.; el

MULTIPLE CHOICE QUESTIONS

magratude or

v Which characteristic c,l'l:g;r is only explained by its tran

(2) Feflection (b} Refraction (2} oterleronce - AT LA

A9 T Ralurs”

y Answer: ()

]ffpfara!mr-‘ Pelarization mualees restrictmg o - S Wavr &7 v = - ar
L P
|' An unpolarized Light source emits light with electrie field vibratioms aceurring

f—e;.n:-\.’,‘ e plare anly
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e -(T:I‘O:Iy-p.l-_mllci to the direction of prn;;n-,_;-.-llTn? TTT = ]
. (c) In all possible planes perpendicular to propagation 1
! (d) Only circularly |
Answer: (¢) i
, Explanation: Unpolarized light has electric field vibrations randomly onented in all possible planes perpendicyly, !
| to its direction of travel §
1e If a wave's particles vibrate perpendicular to the wave's direction of propagation, it is a: !
| ta) Longitudinal wave  (b) Sound wave (c) Transverse wave (d) Stationary wave |
' Answer: (c) i
Explanation: Transverse waves are defined by particle vibrations being perpendicular 10 the wyyey |
P ¥ F B PeT} s
direchion of energy transfer ,
N The plane of polarization for a transverse wave is the plane containing the direction of vibration and; !
| (a) The wave's amplitude (b) The wave's [requency
' (¢) The wave's wavelength (d) The wave's direction of propagation !
| Answer: (d) |
! Explanation. The plane of polanzation is detined by the direction of vibration and the direction i wlich the way,
l.l:"ﬂ\_("l_ﬂ[‘,-_-___-_--_ |
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SLO BASED SHORT QUESTIONS & ANSWERS
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What fundamental property of light waves does pnlarlz—alimﬁw-l;:.ls-uﬂdcrsland? i

- — ————— — i — i —— — - -

[
| Ans:  Polarization confirms that hight waves are transverse waves, meaning their osclllations are perpendicular |
A to thetr direction of travel ' ¥
! . Give two common examples of unpolarized light sources. I
| Ans:  Sunbght and imcandescent ight bulbs are common examples of unpolarized hight sources i
N How does the electric field vector behave in unpolarized light? '
| Anst  Inunpelanzed hght, the electne field vector vibrates randomly i all possible planes perpendicular to the |
1 direction of wave propagation 1
|« Can sound waves be polarized? Briefly explain why or why not. I
Y Ans: No. sound waves cannot be polanized because they are longitudinal waves, meaning their vibrations are !
! parallel to the direction of wave propagation Polarization s a property only exhibited by transverse |
I waves s
. What is Polarization? !
| Ans:  Polanzation s the process that limits the electnic and magnetic vibrations of light waves 10 a single plane |
' Only transverse waves, like ight waves, show polarlzation. Sound waves, which are longitudinal, do nat
| o What is polarized light? |
' Ans:  If the vibrations of a hight wave are limited to only one plane, the light s called "polarized :
!- What is Physical Optics in relation to polarization? f
| Ans:  Physical oplics, when we talk about polanzaton, studies how light waves behave and interact wn.hl
' matter '
| = How do we know light is a wave? |
v Ans:  Interference and diffraction show that hight acts like a wave !
|« What does polarization tell us about light waves? . I
i Ans:  Polanization of hight tells us that ight waves are transverse waves |
e What are transverse mechanical waves? !
| Anst In transverse mechamical waves, like waves on a strelched string, the particles of the medium move |
' perpendicular to the direction the wave travels i
|« What is a polarized transverse mechanical wave? |
' Ans: A transverse mechanical wave s "polanized” if ils vibrations are mited to a specific direction (like!
! vertical or honizontal) (Fig. 8.1, Page 167) .
1 e o B e I e o o o 0o s s B
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| Ans: The plane of polarization is the flal surface that contains both the direction of the particles vibration and 1
' the direction the wave 1s moving, g
| . What is an unpolarized hght wave? |
' It wave > - : i
| Ans: A light wave s made of electric field (E) and magnetic field (B) vectors that change periodically and are at |
: right angle to each other In ordinary light, these vibrations happenan all possible directions Such light s
I called "unpolarized * (Fig 8 2, Page 168) |

What are the basic types of polarization of light?

TYPES OF POLARIZATION OF LIGHT

[

1 Linear Polarization: g "/

&7 W

| MICTOSCOpIc groove structures.

!
I
|
]
L

hare are three main types of polarization

Light is hnearly polarized when its electric field vector vibrates in a
single plane. (Fig. 8.4 (a)

Example: Light passing through a polanizing filter or sunglasses is
an example

Circular Polarization:

Light 1s arcularly polanzed when ils electric field rotates in a circle,
cither clockwise (right-handed) or counterclockwase (left-handed).
(Fig. 8.4 (b)

Example: Light reflected off a CD (Compact Disc) or DVD (Digital
Versatile Disc) is an example

Elliptical Polarization

Elliptical polarization 15 a combination of lincar and crrcular
polarization The electric field vector follows an elliptical path. In tus
type. the two parts of the electric hield (Ex and Ey) are not equal, or
they have a different phase angle (0). (Fig. 84 (c)

Example: Light passmg through a stress plate or a wave plate is an
example

it
e, s
e

Fig 1db) Coroule polsnaalan of lght

Fig B4 (c) Enptcal polaneavon of kght

MULTIPLE CHOICE QUESTIONS

When the elecric field ch-tt;c;iﬁg.fir;a;tiﬁal_crc;t;‘l; “Wwithin a ::1;;1: f-ix-c_d.p:n-c, the light is 1

described as: '
(a) Circularly polanized  (b) Eliptically polarized (c) Linearly polanized (d) Unpolanzed I'
Answer: (c) |
Explanation: Linear polanization occurs when the electric field vibratons are confined to a single pland i
. Light reflected off a CD or DVD is an example of which type of polarization? 1
(a) Linear polanization  (b) Circular polarization (¢) Ethptical polarization  (d) Random polarization
Answer: (b) |

Explanation: Circular polarization is often observed from hght reflected oft such surfaces duc o their

. Which type of polarization combines aspects of both linear and circular polarization, where the electric
field vector traces an elliptical path?
(a) Plane pelarization (b) Circular polanization  (c) Elhiptical polanization
Answer: (c)
Explanation: Elliptical polarization is the most general type, where the clectric field veclor traces an ellipse

(d) Unpolanzed light
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If the two perpendicular components of the electric field ll:\ and Ev) are not equal or ditter in phase by by 1

? an arbitrary angle. the resulting pelarization isc N
| (a) Lamoasr () Carcalar (<) Ellgphical () Unpolansed |
. Answer '
! Ex, lamation: Unequal amplitudes or an arburary phase dutference between the components lead 1o ellipticy) |

SLO BASED SHORT QUESTIONS & ANSWERS

-—-—--—u—-—-—-—-—-—-—-—.“

Dhistinguish Betwoen linear and circalar pelarization

-
Anss  In bmear polanzaton the elavtne Beld vibrates ina single plane. In ancular polanzation. the electric
.

neld voctor rotates it a anvie as the wnwe propag

H
L}
:
| e Provide an everyday example of linearly polanized light

'Ans  Light pasung fwough polansad sunglasses s an evenviday example of lincarly polanzad light
! . What condition leads to elliptical pelarization of ligh?

| Anss  Elpoval polanzasen oocurs when the two perpendicular components of the electrn tield are not
' equal = ase by an arbitrany angle

le Can light be "partially polarized” as a type of polarization? Explain.

. Iy polanzad” Lght s not a rusdamental ane Like binear or arcular, but rather a state
l bght & polans It means the elactne field vibrations have a prefernd |
i o ope p[.mrw orareg \.ul.u' p\nh

m magratude or difter in ph

1
|
|
'
|
|
|
L]

Ans ‘Pamn where

anon but are ot ::':..-:'.-
___.._..._-_.-_.._j

LIGH

D DETECTION OF PLANE POLARIZE

n How is plane pelanzed light produced and detected?

mary incandescent bulb s unpelanzed because s electnical vibrahons ane random

it oalled a

e mlane 1}
e plane e i
ond pelanmad shewt alled an analy zer) — il
i - i —— e w——
to the first polanzer's aus (Fig 854) '
plarowd 37 ey
- )
or arounad the 1";}11 beam, the Nm——
‘ i )
nd pelarod wall get dimmer .
n'.\'j"\“'c.“.":‘.-. telyv when lf‘.‘: ANCS ane ( ) =
r to vach ¢ 3 h o <!
tc pther | 835-b) The Light . S s
Sy PO n v -
as you keep i A vl b | e i n o | ] s v
b - W A Sr—— e G
wn it t“)\c\.‘..'\‘ P e — o —

Thus expenment proves that hight waves are transverse waves. It ight waves were longitudinal, they would not
disappear even if the two polarcids were perpendicular

ht be produced and detected? What does it prove?

PRODUCTION OF PLANE POLARIZED LIGHT:
Plane polanzed light can be produced from unpolanzed light by

1‘4‘

(e

Physios T (Sulyective, Objective and ¢ onceptual Questions) "

L'sinK Polatizing Tilters (Pol, woldsh: e most commen mwthod Wlhan snpobariccd hight puaeses
lhn'll".l' J |“‘1'”'"" Bt (ealled Ll datizen) the tilter's iy Moy ubae allpEnment allin (I

yibratiens |“'-‘”‘I L s Leas i ssion ands o s theongh posulting 1 plame ok d B

vty el ten

|“Ilulll‘“ Whoen wnpolini sl Light stribes o trans prorent e e ballic sutace (ke glass ar watvr) at a
‘I“'I" angle (Hewster's vgle) the refliscted light Becomes largely plane polacized

h.\h.l\l\i‘l\ LCertmn optically anmisotse P wrystals (ke caloite) van .l-n'll o twor el hsd rays from
\"‘I“.I‘“ wd lig e cach Pl polanzed in mutually prerpendioular plan

scaltening Scattenng of light by particles (o

1\..‘..”\ Prlang g Marized light

Iy e gy soattenng in U atimosphere) can also |-|.--.I|| '

ion of Plane Polarized 1 ipht:
I\-'In'% ed lightas detected using a sevond polarizing ilter called an analy 2

st anpwe lanized light s Passed tirouph a polarisvr to crvate plan |,\-| W
Ther thas plane polarized light is Passed through an analy zer

.Ih,-l'il

I the analyzer's ransmission anis is parallel to the plane of polarbzation of the acident Tight mas o

intensity Is transmitted

1 the amalvzer s rotated. the intensity of the teansonitted Ty bt decreases according 0 Malas s Law (=
oo

When e analyzer's axis is perpendicular to the plane of polacation (crossed peloonds

Bghtis completely extimguished (Cero fntensity)

Wy e

As the analy cer s motated turther lightreappears and reaches masimumy intensity g shen the aves
ane r,u.\”fl (0 or 1807

aclusion: l‘l\'h.ll does it provel)

his pn\iu\lh‘l\ and detection expenment \'\]‘\\l.!“\' thae uul\|'|- te extine tion of hpht swhen the polarizer anld

gaalvaer anes are perpendwcular, detimitively prroves that H, It waves are transverse waves

I gt waves were

1.,\k,n.‘{xml (abrating parallel o the direction of propagation). they would aliway s b abide o pass gt
‘n.\‘lld hlter, reg wrdless o its orient. vy andd n'l'l\|.‘Tt e st Bon would ot owvour

' ]
= Why s light reflected from a smooth surface of waler partially polarized  mEERCSTITTREE
p.u‘.ﬂ.]d to the suiface?
Ans 111.“' retlected from a smooth surtace of water is practially polarized parallel to
the surtace Bevause the components of the elesc e ield prarallel to the surlane
are retlected more strongly than components perpendicular o the surface
espevtallv at certam angles of incidone [ —
TR Il
MULTIPLE CHOICE QUESTIONS
- -— - —— - ® e - - - — - ———
\ t\h.ll is Ih\' pmn-!r\ tunction ot a polarizer in an optical setup? '
(0 To rellect hight (b)Y Lo refract ligght |
' (©) Tocomvert unpolanzed hght mto plane-polaried light [l
| () T incnease light intensity |
FApswers () ’
|[;rl.uul n: A pobainzer selesctively transmits el toe bield vibrations in one dirvstion. thereby polarnizing, |
L]
qul\'Im ol hight l
i If an ul1.|‘t\|.lll'..'nl 1I"‘.h| passes lhn-u!;h twin [ou].unhlw. that are “crossed” (axes p\'lprnull. wlar), the Hight 3
l emerging from the second polaroid will be: |
(2) Mavmmunyaintensity (D) Flall intensity (1) Zero intensily (B Chrendarly potaniscd %
| Answer: () |
L]

tEplanation: When polaronds are crossed, the analveer Blocks all the polarized hight transouitted By the Giest

| L\‘I.lr\.'l'r e wllm-- "y

——— - — -
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SLO BASED SHOKRT QUESTIONS & ANSWERS
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Hoswr cans ars verelinary b -mhu et bull/s g l:- deseribind bon torens of polarization?

" - ——————— —
|

) Al Lightt frean s ondivary gre anddescent balb b despilad a5 -H-]hL-l‘lﬂ o beranw iy "th..I

| vibations see tanudranly ey thed i all prasible planes .

te Wl using P-.Iulu'! and an analyrer, whal chservation Indicates that the bneidept light tn Ve #

| arial pror e plans polariped? |

' A W i iitenmity o light o g Whrcasgh thae avslyzeer varnios feean mazimam Vo it frig 2000 uy!

! Vhar mrnalyzon bu prdatesd, it jpudic ates thae Ii/‘|Ji'ad‘l-'*dli'l\]-fﬂlx li,!,unn'i | |
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I fiha |

‘e Wihy would light med disapgear i 0 were longitudinal vaves passing, thrvugh Ve oty !

I perpendicalar pularaids? | :
iﬁ!-' " ’I{'I! t Wit ",.'.4-1-11’” .L M vikrariemis weisld a h‘ﬂ; 3 b 14 ralle) W is ehiree e vl [t apeagation, ’
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OF LIGHT BY THE METHOD OF REFLECTION

POLARIZATIO|
I . = —— i

Hevwr can prlarized Lght be ginained by reflecyion?
—_—

84

LAns]

Ins Ve, Malu

s el What geddanize d highit can Ve preabiae edd wben cadinary Dght peflocts cfl a flat glass surface Jf
refleeted Lt theeagh a gedarend and shealy
retate i, the light will alinest dis dprpar ab o cxtain atigle
angle of ancidenes s abeait G700 AL thas
atiphe, thae peflected hight Ve coras plare geilariond fhiy, B4,
Page 170 Vins sherers that light reflected by ylass bs mently
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INTERESTING INFORMATION il’&(:f‘ l'?l)
] What is Malus's Live used tu study in bislugical systems? “ -y
Arr Malus's law --,-.f-T‘f-'-.-i_.lr--j.-!nrz' an el Degghitan bnrideagie al oy stermy ’;“' ' ;;_", e
weh gy beve o ll et as s pralanie highw 7B g4 g 1 e s

FMULTIPLE CHOICE QUESTIONS
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( fm—rG\I.Tu..r (20°) W each other . 1
‘e Brewster's Law states that the tangent of the polarizing angle is equal to the medium's: '
|| () Angle of incidence  (b) Angle of refraction (¢) Refractive index (d) Critical angle |
| Answers (<) o . i
¢ Explanation: For lightinadent from air, tantp=n. where nis the refractive index of the medium :

I Light reflected from the surface of a table is often described as: |

2 (a) Completely unpolanzed (b) Completely plane polarized '

| (<) Partsally plane polarized (d) Circularly polarized |

; Answer: (¢) [

; Explanation: Most reflections from non-metallic surfaces result in partially polarized light, where som.-_-!

| components are more dominant than others. I

‘e If the refractive index of a medium is 1, what is its polarizing angle? '

| (a) 0" * (b) 45° [

: (€) 90° (d) It cannot have a polarizing angle '

! Answer: (b) |

e R e e s i R

SLO BASED SHORT QUESTIONS & ANSWERS

— —

!¢ T T Define the term “polarizing angle.” RS SRS R —.
| Ans:  The polarzing angle (or Brewster's angle) s the specific angle of incidence on a transparent medium ar |
' which the reflected light becomes almost completely plane polanzed. '
| = What happens to the reflected light at the polarizing angle when unpolarized light is incident on a |
: transparent surface? : 1
| Ans: At the polarizing angle, the reflected light becomes almost completely plane polanzed, with its electnc |
' field vibranons parallel to the surface !
{ . According to Brewsler's law, how is the polarizing angle related to the refractive indices of the tw01|
| media? |
¢ Ans: Brewster's law states that the tangent of the polanizing angle (tan@p) 1s equal to the ratio of the refractive
| index of the second medium (n2) to the first medmm (n1), ie, tanOp=nln2 |
‘e Why does light reflected from a smooth road surface often cause glare? :
| Ans: Light reflected from smooth surfaces like roads becomes predomunantly horizontally polarized. This |
: o ilp:hi -\_flﬂ\.:.[ E".“E‘l_lf.’i!'.t. 15 perceive d _.u_];lirc_lﬁa_ui it can .lfe * very intense EIE' u_:h.‘_rlc_rv with 1 vision

State Malus's law, Explain the intensity formula.

Ansd

Malus’s law state?
Malus's law states that the intensity (1) of plane polarized light after
passing through an analyzer is directly proportional to the square of
the cosine of the angle (0) between the Iransmission axis of the
analyzer and the polarizer
Formula for Malus's law
1 & cos?0
I'=lycos0
Where 1y is the intensity of the inaident polanized light. (Fig. 87 (a),
Page 172)Actually, Malus's law gives a mathematical relation between

Corgarvert ol poar o0l byt po sl
0 o

Fig 07 [s) Schematc represents onof Mabn bles
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the intensity of the l:r,ht (incident hght) on the first polaroud (1e polarizer) and the intensity of hight obtamed

gfter passing it through the second polaroid (ie, analyzer)

Role of an Analyzer

Ananalyzer is also a polarizer that is placed after the first polanzer Rotating the analyzer changes the intensity

of the polarized light. It is used to further reduce and adjust the light's Intensity by changing its angle relative

o the polanzer.

polaroids

Certain transparent erystalline materials, like tourmaline and calcite crystals, can restrict hight wave vibrations

o single plane. These materials are called polaroids because their crystal structure is highly directional

Light Polarization

Light can also be polarized by natural processes like reflection, refraction, and scattering,

How does changing the angle between polaroids affect light intensity?

lfa Pol.uoid is rotated in front of a polarized light ray, the intensity of the light that passes through chanpes

This change 1s due to the angle between the first polanizer and the axs of the

second polarizer. i

MALUS'S LAW DERIVATION FROM AMPLITUDE

When polarized hight with amplitude Ay hits the analyzer at an angle 0, its

amplitude is split inlo two parts:

1 Component parallel to the analyzer's axis: Tlus component is Ao Cos0,
where Ag 1s the amplitude of the incident polanzed light This
component is transmitted through the analyzer.

2 Component perpendicular to the analyzer's axis: This component 1s Ay
Sin 0. This component is blocked or absorbed by the analyzer
So, the amplitude (A) of the transmitted light is:

A=Ay CosB(Equation 8.2)

Since intensity ([) is proportional to the square of the amplitude (A2), we can write:

1=kAZ (where k=1, so I=A3)

Fig B Tt} Hescifion of amolh.te s
cownponenis of plane polar g o it

Substituting A=A Cosd:
1=(As Cos0)2
1=Ag? Cos0
Since lo=As? (inital intensity), we get:
I=1ecos?0
Extreme Conditions For Malus's Law?
1; If 8=0": Then 1=1eCos*(07)=ls*12=1, This means the intensity of light transmitted through the analy zor is

equal to the initial light intensity that passed through the polanzer
2 1f 0=90": Then 1=l Cos*(90)=Ip*0?=0. This means the light is completely blocked, and no light passes
through the analyzer

n What is meant by optical activity? Discuss it,
¢ Posinng e
%é @.ﬂ s
I
Ay ree
L
. }

OPTICAL ACTIVITY
Fig. 8.8 Opicsl actty

Optical activity is the ability of a substance to rotate the plane of
polarization of light as it passes through it. This rotation is detected
using a polarizer or analyzer. (Fig. 8.8)

What types of substances show optical activity?

Many crystals and solutions can rotate the plane of polarization of
light. These substances are called optically active. Examples include
quartz crystals, cinnabar (H,S), sugar water, insulin, and collagen.

-

L T

\
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Factors Affect the Amount and Direction of Rotation in Optically Active Substances
The amount and direction of rotation depend on:
(1) The type of substance
(1) The concentration of the substance (how much of it is in a mixture or solution)
(1) I'he distance the light travels through the substance
(1v) The wavelength of the light
Reason of Optical Activity
Opuical actvaty happens because the molecules in the substance have an asymmetric shape, like a helix A few
millimeters of such crystals can rotate the planc of polarization by many degrees. Some organic substances, |3,

sugar and tartanc aaid, show opucal rotaton when in a solution. This property can be used to fingd the
concentration of these substances in solutions

- -
Question: What happens when light passes through crossed polarizers?
Answer: When light passes through two polanzers that are ‘crossed” (their axes
are perpendicular). very hittle to no hght passes through.

. — e e s,

—

Interesting Information (Page 173)

Question: How does a sugar solulion rotate the plane of polarization, and
how does an analyzer detect this?

i ] Poarirne
Answer: A sugar solution rotates the plane of polarization of incident ight The ‘:“OD P
analyzer then stops the ight when rotated from its outial vertical (crossed) .

position, indicating the rotation Do S,

g whe e Yo D verucal

e & The anan e Pus wics e
' | e Dwmeay

Do you know? (Page174)
Question: What happgns when you look through two polarizers that are “crossed™? ===
Answer: When two polarizers are “crossed” (their transmission axes are perpendicular),

very little hight passes through them :_?‘T‘e‘ﬂ

Question: A beam of unpolarized light passes through a foggy q

Tidbit v

atmosphere. Tell the polarization state of the scattered light.
Answer: When unpolanzed light passes through a foggy atmosphere, A beam of unpolarized light pesses
the scattered hght will be partially polanzed. This is because light mrou_gh & foggy atmosphere. Yol e
scattening by small particles (like water droplets in fog) can lead to it

polarization, especially when viewed at 90» to the incident light.

L
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NI’ORT'\*\CE OF POLARIZATION
f;i;rl»‘du"" of light 1s very important in vanous fields
L Optics and Photonics: Polanzabon is cruaal for thungs hike polanzed sunglasses LOD (Laguid Crvetad
Display) screens, and optical communicabion svstems
e Imagine and Microscopy: Polanzation improves image quality by reduang glare (
= interferes with vision) and making contrast better, espeaally m nugoscopy and med 3ZINg
L Medical Applications: Polarization 15 used m diagnosing cancer imaging tssues. and laser surgen
) because it can tell the ditterence betwoen vanous tssue hvpes
" Astronomy: Polanzation helps saentists study cosuc events. such as the pelanzasen of Lght trom
distant stars or the cosmic microwave background radiaton
5 Miscellaneous fields: Polanzation 1s also important i ancas ke opies and photorucs. mmaging and

microscopy, biclogy and chemustry, and commurucabon systems
TWO MAIN APPLICATIONS OF POLARIZATION

polanzers, also known as polanzing filters, have tvo mamn applicabons __jm
1 Sky Photography r—

Cameras used to photograph clouds are fitted with a polarcsd. The .
;ci.m:‘id polanzes the hight coming from the sky —

In sky photography, polanzers reduce glare and haze caused by Iight
sattenng, from small particles in the atmosphene They also improve contrast b
Hacking too much bnght whate hight while letting other colors pass through
which creates a brighter, more detalled 1mage and improves overall image
wality.

;3 Stress Analysis of Matenals

In matenals saence. polanzers are used to analvze stress and stramn i matenals ke plasoes mretals
and glass.

When a matenal is stressed, its molecular structure changes, which atrects how it mivracts w wth I
This creates inlerference pattemns or nnges. mving informaton about the matenal By shoung pola
through ransparent matenal and analvang changes in the light's polanzaton, researchers can
o Find the matenal's stress patterns

Spot possible weaknesses or detects

o

v
¢ Analvze the matenal's optical propertes
¢ Understand how the matenal wall behave under ditterent condihons

This method is called “photoelastan™ and s wadely used in engineenng, matenals saenee 2 wl quality
t\':lhn‘l

In both these cases, polanzers are essenbial for controlling hight to achueve speanc goals whether its
making images better or analvang matenal properbies

What is a polaroid? Explain two main applications of polarization.

POLAROID
A polaroud (or polanaing filter) 15 a matenal or sheet that polanses hght 1tatiows iy

Tht waves vibrating

m a spaanc direction (its transmission anis) to pass through while absorbmg or Blocking bght waves vibrating
in other directions  Polarmds are typically made of stretched polvmier sheets contaning ahgnad long~ham
molivules or microscopic ervstals
Two Main Applications of Polarization:
L Sky Photography: §
¢ How it works: In sky photographyv. a pelann
scattered by atmesphenc particles (hke air

ng flter s attachad to ¢

acules) avomes parh ally
i P At i Law T |
from the sky are etten due to this scattered. partaliv polansad fght

-

- WIS iy
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o Benefit: The polaroid allows pholuu \ph\ rs Lo selectively bl.\l\ or u-duu this scatte ltd Polanizey
Light By rotating the nilter, they can control the amount of glare and haze, making the blue shy Appea
dee per and clouds stand out more vividly It enhances contrast and color saturation by re Moving
unwanted light
2 Stress Analysis of Materials (Photoelasticity):

2 How it works: This application invelves transparent materials (like plastics or glass) that bocom,
optcally active when stressed. When polarized light is passed through a stressed matenial, the streg,
patterns cause the light's polarizabon to change. The Light then passes through a second polaroud (3
analyzer)

¢ Benefit: The changes in polanzation create visible interference patterns (like colored Innges) When
viewad through the analvzer These pattems reveal the distribution of stress and strain within i,
matenal Engineers and scientists use this techmque to identify potential weaknesses, defects, or arey
of high stress'in components, ensuring thetr structural ntegnty and safety It's a non-destructive way
to analyvze matenal behavier

8.6 ' GRAVITATIONAL WAVES (GWS)

A gravitatonal wave is a s-lrclchml; and compressing of space-time. We can observe it by measunng clung\‘s in
length between two objects. .

Gravitational waves (GWSs) in simple terms

Cravitational waves (GWs) are like ‘nipples i the fabric of space-time” They are
created by powerful cosmuc events, such as colliding black holes or neutron stars
They travel at the speed of hght and carry information about thetr source.

Simple example to understand GW's

Imagine throwing a stone into a pond. The stone makes nipples on the water's surface
(which 1s like space-time). These ripples travel outward, carrying information about
the stone (the cosmic event). These npples can be detected on the shore (by
teling us about the stone's presence and

Albert Einsteln (1879.195%)

A German born Theoretical
Fhysicist

Ono of the World s rencwnad

sciontsts

gravitabonal wave observatorics),
Froperhies
Prediction and Detection
Gravitational waves were predicted by Albert Einstein in 1916 as part of his theory of
general relativaty,
Gravitational waves were first detected in 2015 and announced in 2016, This was the first observation of its
kind, specifically from two colliding neutron stars. In thus type of event, the frequency and amplitude of the
GWs gradually increase.
What'is a Binary System (BS) in the context of gravitational waves?
A Binary System (BS) is a system of two compact objects, like black holes,
neutron stars, or whute dwarfs llut orbit cach other and release gravitational
waves,
Four Basic Types of GWs
There are four basic types of gravitational waves, each with different sources
and features
1. Continuous GWs
Continuous GWs are produced when a single massive object, like a
neutron star, spins at a constant rate. They have a constant frequency and .lm[‘ll.hldt‘ White dwarl
binary systems also produce continuous GWs

LA

1~

Compact Binary Inspirational GWs
Ihese are produced when a binary system, such as binary neutron stars, binary black holes, or
neutron star and a black hole, orbit each other
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Burst GWs

Burst GWs are created by violent events like su pernovae, gamma-ray bursts, or cosmic stnngs
Stochastic GWs

Stochastic GWs are faint, random signals of gravitational waves: They are made by the combination of
many weak gravitational wave sources, like distant binary systems. These GWs are the hardest to

fad

detect.
Accelerating Objects Produce Gravitational Waves
Every physical object that accelerates produces gravitational waves, including velucles and airplanes
However, the masses and acceleration of objects on Earth are too small to create gravitational waves strong
enough to be detected by our instruments
tlow do binary systems relate to GW detection?
As binary systems orbit cach other, they emit gravitational waves. These
waves can be detected by observatories like LIGO (Laser Interferometer
Gravitational-wave Observatory) in the USA and Virgo in Haly. These
waves carry information about the system’s mass, spin, and how they
merye, piving us msights into these extreme cosmic objects They travel
at the speed of hight.
How do gravitational waves propagate?
As masses orbit and accelerate, their gravitaonal intensity changes,
creating waves that spread outward in all directions. These waves are
not held by the binary system's gravity; instead, they travel freely through space-time at the speed of light. The
waves become weaker as they move farther from their source

Tdal forces carry the mathematcal wgrahim of
graviatonal waves

What is the significance of binary system mergers?
Binary systems are important sources of gravitational waves, and their mergers (when two massive objects
collide and combine into one larger object) are among the most intense cosmic events.
What do the characteristics of GWs depend on?
The features of I:mvif.tlinml wWaves tlcp\'nd on the binary system's propertics, such as:
e Masses of the objects
e Orbital period and frequency
e  Eccentricity of the orbit Eccentricity (¢) measures how much an object’s orbit ditfers from a perfect arcle
o e=0: Circular orbit
o 0<e<l: Elliptical orbit
o e=1: Parabolic trajectory
o ¢>1: Hyperbolic trajectory
Dr. Nergis Mavalwala (Page 177)
Information: Dr. Nergis Mavalwala is a Pakistani-American astrophysicist at
MIT, well-known for her work on gravitational waves,
Space-time Distortion/ Tidal Forces
Gravitational waves passing through a body with mass can make the body
periadically stretch and compress. This effect is known as "space-time distortion”
or "tidal forces."
How do tidal forces arise from gravitational waves?
As a gravitational wave moves through a body, it causes the space-
time around the body to vibrate. This leads to the body periodically
stretching, and mtnpn‘ssm' in the direcion perpendicular to the
wave's movement. This is similar to how the Moon and Sun's

gravitational pull causes tides on Earth.
What factors influence the amount of stretching and compressing?

Or Nevge Mavetwnia i &
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I'he amount of stretching and compressing depends on the strength of the gravitational wave and the Mass any

size of the body This effect is an important pn-dlrlt_iauu! Finstein's general theory of relativity.
Do gravitational waves from far-off events .lf'chlll-:.ulll?

Gravitational waves generated by distant cosmic events, like the
merger of two black holes or neutron stars, do pass through the
Farth. However, their amplitude is extremely small, typically
around 1077 to 10°# meters, This means the distortion caused by the
pravitational wave is mcredibly tiny and needs extremely sensitive

Spscetmae curve of nn saficial and & natursl selefing

instruments to detect
What is the significance of deteeting these tiny gravitational waves?
Despite their small amplitude, gravitational waves provide a vnique way o study the universe. They allow gy
to study strong-ficld gravity, test general relativity, and explore the universe in ways thal were Prl.'\-'il}m.Iy

impossible

8.7 INTERFEROMETER

What is an interferometer? Describe the basic LIGO interferometer in detail.

@

INTERFEROMETER?
Ananterferometer is an optical tool used to detect gravilational waves. Itis a very sensitive device that uses the
interference of LASER (Light Amplification by Stimulated Emission of Radiation) beams. The basic LIGO

interferometer is shownin Fig 89 (Page 179)
tlow do Interferometers detect gravitational waves?
An interferometer that detects gravitational waves is a very sensiive instrument that uses LASER light 10
measure tiny changes in distance between mirrors, These changes are caused by gravitational waves passing
through the detectors These interferometers are called LIGO (LASER Interferometer Gravitational Wave
Observatory)
Differences Detween LIGO And Canventional Interferometers?
(a) LIGO is 1000 times larger than a conventional device.
(b) LIGO uses LASER light, while conventional interferometers use normal light sources.
Basic Components of GW Interferometer
The basic components are
L Lasen Produces a steady and high-intensity beam of hight l]
2. Power recycling mirror: Contnuously reflects LASER {!
light that has already traveled through the instrument
back into the interferometer, thus "recycling” it
3. Beam splitter: Diwvides the LASER beam into two o

¥ atey Pered tasty

perpendicular beams ¥ atey Porot cavty

tyhin
4. Mirrors: Reflect the beams, creating two perpendicular ol %4 '
arms YN = of 1t 1 == ~=uf)
: Lives
5. Fabry-Perol cavity: Consists of two mirrors facing cach [
Ty y ¥ L [ “ T ingast M nnet

other Its purpose 1s to increase the path length of the hight
6. Photodetectors: Measure the returning beams and detect
tiny phase shafts
7. Arm  cavities: Enhance the LASER  light, * increasing,
sensitivaty (g 89, Page 179)

o [ Prass gerasior
Fig 89 Base LIGO interdaromelas

L sul i
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working of Interferometer
A laser beam I.l."l’hl nto twao [‘I'I’[Pl'ik“t ular beams Tach beam travels down two ddentical paths (arms) of the
ipterferometer. The beams bounce off mirrors at the ends of each arm and return to the starting point, where

they are 1 ombined

Ifa |:l'-“"“"’"’lhl| wavee passes throuph, it causes a tiny change I the distance between the mirrors This resalts

ina "I'll““' shift” between the twao bears. When the beams recombine, th y Create an interference pattern,

which is measured Il)’ " ]'Jllnlr)du-ln tor, e small pfm-.f- shift cauned by tw I:r.w;!,lilun.d wavee changes

inlrrh'rl'l“" pattern, l‘”l’erl}', the dletector o sense the wavie's presence

Gravitational Waves First Observed By LIGO (The Laner Inteeferometer Gravitational-Wave

Observatory)

On September 14, 2015, the untverse's pravitational waves were observed for the very fiest tune by 1IGO . These

waves, predicted by Albert Finstein 100 years ago, came from a collision between two black holes Tt took 13

pillion years for these waves 1o reach the LIGO detector in the USA

Nobel Prize For the Observation of GWS (Gravitational Waves)

Rainer Weiss, Barry C. Barish, and Kip S. Thorne received the Nobel Prize in 2017 for their work on observing
ravilational waves. It's nulu-wolllly that Nergis Mavalwala, a professor at MIT, 15 from Fakistan and was part

of the leam.

Virgo Detection

Virgo is another ['“i“l}’ for measuring gravitational waves, similar to LIGO. It operates under the Juropean

Gravitational Observatory (EGO) near Pisa, Italy. Virgo is also an interferometer, but it two arms are 3 ki

fong, whereas LIGO has 4 ki arms

The Virgo Observatory is named after the Virgo constellation, which is visible in the night sky during March,

A.prll, and May. The Virgo cluster is a group of about 1,500 galaxies, about 50 MLYs (Million Light Years)

away.

Light Year (LY)?

One Light Year (LY) is the distance light travels in one year Its approximate value is 9.5 billion km

Virgo first delect gravitational waves?

Virgo has been involved in detecting gravitational wave events, with its lirst detection in 2017

MULTIPLE CHOICE QUESTIONS

The phenomenon of pc‘:l;r-lul ion of lir,l;l-is?
(a) the process of scattering of light

' (b) the property of light to vibrate in a specific plane
() the phenomenon of light changing colour |

i (c) the abulity of light ta travel in a straight line

i Correct Answer: (b) ]
|« Malus's law stales that: |
' (a) the intensity of light is directly proportional to the square of the cosine of the angle between the hght !
| wave and the analyzer ) |
! (b) the intensity of light 1s directly proportional to the square of the sine of the angle between the hight ;
| wave and the analyzer :
: (c) the intensity of light 1s directly proportional to the angle between the light wave and the analyzer I
! (d) the intensity of light is inversely proportional to the angle between the light wave and the analyzer s
| Correct Answer: (a) -f 1
Al The intensity of light when it passes through a polarizer: '
| (a) increascs (b) decreases (¢) remains the same (d) becomes zero |
) Correct Answer: (b) '
| * The angle between the light wave and the analyzer is called: |
1 {a) polarization angle (1) refraction angle {c) reflection angle () azimuth angle [

| Correct Answer: (a) (Note The angle between the polarizer and analyzer axis 1 usually denoted by 0 in Malus's |
* law, and this 0 s often referred 1o as the polarization angle in this context, although “azimuth angle” can also refer i

lo rotation.)
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[ (a) to polanze the light (1) B measure the wtensity of hight ]
' (<) to change the direction ot light () o ndter out unw anted bight '

ICor'r*d. Answer: (b) (An amalyzers primary role w o determune the state of polanzation and measurye lhel
i intensity of the polanzed light)

. The mathematical representation of Malus's law is:

| (a) 1=Lcos (1) I=Lsin0 (<) I=Ltan@ W) =Lt
y Correct Answer: (a)

1* The effect of increasing the angle between the lisl'u!\; ave and the analyzer on the intensity of light iy
\ (a) the intensity increases (1) the ntensity devreases

| (¢} the intensity remains the same (1) the ntensity becomes sero

1 Correct Answer: (B) (As 0 increases from Os to Qe cosX devreases, so Ldevreases )

le The condition for maximum intensity of light in a polarization experiment is when:

' (a) the light wave and analvzer are perpendicular () the hight wave and analy zer are parallel

| (€) the Light wave and analyzer are atan angle of 45¢(d) the light wave and analy zer are at an angle of o0s
! Correct Answer (b) (Maximum intensity ovcurs when 0+0s, meaning parallel aves)

! . The unwanted light that interferes with vision Is termed as:

| (a) haze () glare (<) contrast () are

, Correct Answer: (b)

l* Who predicted the existence of gravitational waves?

' (2) Galdeo Galile (b) Albert Einstein (€) Isaac Newton () Leonardo da Ving

| Correct Answer: (b)

‘e What are gravitational waves?

(a) Electromagnelic waves
(d) Rupples in the fabnec of spacehme
Correct Answer: (d)
B Which is the primary method used to detect gravitational waves?
(a) Opuical telescopes (€) LASER terferometry (1) Radio telescopes
orrect Answer: (¢)
Which of the following is a primary source of gravitational waves?

() Ocean waves
() Mechanical Waves

(1) Gravitational lensing

e i s — —— — A —— ——— . ——

P e e o — - —

(a) Binary black hole merger(c) Earthquake (1) Solar Nares (d) Solar wind
on«h\nswcr.{a]___ R, .
(& (o (o e (o]
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K he corre b answer,
The phenomenon of poladization of Hght is
W the prosess of seattening o light
(1) the propedy of Hght to viboate in a
specitic plane
() the abibity of light to travel moa straight
Tow
) the phenomenon ot hight changing colour
ot Answer (18]
a2 Malus's law states that:
(a) the  dntensity  of  light  Is divectly
|*|\!|‘ﬂ|limul to the square of the cosine of
the angle between the lght wave and the
analy e
(M the mtensity o light s dinethy
proportional W the square of the sine of the
angle Between the light wave and  the
analyzer
() the mtensity o of Hight s dinstly
proportional o the angle Between the light
wave amd the analy zer
() the mtensity of - light ds mwversely
proportional to the angle between the light
wave and the analy zer
Correct Answer: (a)
83 The intensity of light when It passes
through a polarizen:
(2) Increases
(¢) remains the same
Correct Answer: (b)
84 The angle between the light wave and the
analyzer bs called: -
(@) polanization angle (1) retraction angle
(&) retlec tion angle (h) s muth angle
Correct Answers (a) (Note The angle between the
polarizer and analyzer axis is usually denoted by 0in
Malus's Taw, and this 0 is often refermad o as the
pelarization angle in this context. although “azunuth
angle” can also refer to rotation )
85 The key purpose of an amalyzer in a
polarization experiment is:
() to polarize the light
(1) o measare the intensity of light
(¢) to change the direction of hight
() to nlter out unswanted light
Correct Answer: (b) (An analyzer's pomary role is o
determine the state of polanization and measure the
ntensity of the polarized hight )
8.6 he mathematical vepresentation of Malus's
law is

i

(1) dhex reases
(1) Bevomes zern

T BOOK EXERCISE WITH SOLUTION

(M) I=laos )

(A I=Lban
Coresd Answer (a)
Lo The effect of Incivasing the angle between

the lght wave and the analyser on the

Intensity uf Hght Is

() the intensity i reases

(LR BTN
(1=l ot

(1) the imntensity devivases
(o) ther intensity romains the same
() the mtensity Iss omes sere
Cormeet Answee (D) (As O increases Trom (s o W
ol din reases. so dovreases )
AN Ihe conditton for masimum  intensity of
Hght by a polarization expedment is when
(@) the Dight wanve and
perpendicular
(1) the light soave and analy zer are paralicl
(o) the Dbt swave and analy zor are at anangle
ol Ahe
() the bight wave amd analysor ae ot an
angle o v
Corret Anawer: (B) (Masimuom intensity soones when
D=t mvaning parallel ases )
LR The unwanted Hght that interferes with
viston bs termedd as
(a) hase
() comtiast
Corredt Answer: ()
810 Wha predicted the existence of gray iational
waves!
() Gaalileo Galiles
(o) Isame Newton
G0 Lemando da Vi
Corredt Answer (v
B What are gravitational waves?
(A} Dl tromagnetic swaves
(19 M hamical Waves
(W Ovwan waves

analyrer e

(1 plare
(0 e

(1) Adbsert Bt

(1) Rapsples in the fabiic of space time
Corredt Answer (d)
B2 Which s the primary method wsed to detedd
pravitational waves?!
() Optical telescopes
(1) Raddio telescopes
() LASER interterometry
(1) Gravitational lensing
Cormect Answens (v)
LA R Which of the tollowing Is a primary soane
of pravitational waves?
() Binary Black hWisle meipes
(1) Ssolan Hlanes
() Larthguake
Correcl Answern (a)

() ssolar wnd
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SHORT ANSWER QUESTIONS

Why are polaroid sunglasses better than
ordinary sunglasses?

Polaroid sunglasses are better because they
reduce glare, which 15 unwanted light
reflected from surfaces like water or roads
They do thus by blocking horizontally
polanzed lLight, allowing you to see more

clearly and  comfortably.  Ordinary
sunglasses  only  reduce  the  overall
brightness.

. Is light from the sky partially polarized?

How is it so?

Yes, light from the sky is partially
polarized.  This happens due to the
scattering of sunhight by air molecules. The
degree of polarization depends on the angle
relative 1o the sun. Light scattered at 900 to
the incident sunlight 1s most strongly
polarized

How is Malus's law used in everyday life?
Malus’s law 1s used in designing polarized
sunglasses and 1. CD screens. In sunglasses,
it helps control the amount of hight that
passes through, reducing glare. In LCDs,
it's used to control the light passing through
pixels to create imayes

What are the applications of Brewsler's

angle?

Brewster's angle 1s used in:

®  Desigrung polanizing hilters and devices
that block retlected glare, like those
sunglasses.

e  Creating “Brewster windows” in lasers
to minimize reflechon losses for a
specific polarization

® In optcs, to understond how light
reflects  and  refracts ot interfaces
benween ditferent materials

What is the space-time curvature?

Space-ume curvature is the adea from

Einstein's general theory of relativity that

massive objects (like planets or stars) warp

or “dent” the fabric of space-time around
them. Due to this warping we experience
gravity

How are tidal forces formed?

Tidal  forces are  formed when a

gravitational field is not uniform across a

body. For example, in the context of

T—
pravitational  waves, as o GW Passes
through a body, it causes different party of
the body to experience shghtly differen
gravitational pulls, leading to  periodic
stretching and compressing,. On Earth,
Moon's gravity pulls on the side of Eany
closer to it more strongly than on the fa,
side, creating ocean tides
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Write down some applications of plane

polarized light,

Applications of plane polarized light include:

e Tolarized Sunglasses: To reduce glare
from reflecuve surfaces

* LCD Screens: To
transoussion for displaying images.

® Stress Analysis  (Photoelasticity): To
visualize stress patterns in tmnsp.‘:runt
materials like plastics.

®  Optical Instruments: In microscopes and
scientific equipment for specific light
manipulation

e Sky Photography: To enhance contrast
and reduce atmospheric haze

®  Maedical Imaging: In certam techniques to
distinguish tissue types

Would it be possible to use a polarizer as an

analyzer? If yes, give at least two examples,

Yes, it is possible to use a polarizer as an

analyzer. An analyzer s essentially a second

polanzer placed after a primary polarizer to
examine the properties of the light that has
already been polarized.

Examples:

1. Detecting Plane Polarized Light: If you
have an unknown light source, you can
use a polarizer as an analyzer If rotating
it causes the light intensity to vary from
bright to dark, it indicates the light is
plane polarized

2. Determining Concentration of Optically
Active Substances: In a lab, a polarizer
can act as an andly?cr lo measure the
rotation of polanzed light caused by a
sugar solution. The amount of rolation
helps determine the sugar's concentration

Explain how Malus's law is used in the

design of polarized sunglasses. How do

these surfaces reduce glare from reflective
surfaces? Provide an example to illustrate
your answer,

control

light
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’.F'T;‘w Malus's Law |y us;'d in Polarized

Anst

84

Ans:

85

Ans:

Sun}'.l-““"’:

Polarized sunglasses are designed using the
prmuplv-‘ of polarization and Malus's Il.uv
Glare from horizontal surfaces (libe water,
snow, ©of roads) is mostly  horizontally
polarized. Polarized sunglasses have a special
filter (a polanizer) with s transmission axis
oriented vertically. This vertical orientation
means they block a large portion of the
horzontally oscillating Light waves that cause
glare, while allowing vertically oscillating
light waves  (which  carry  useful  visual
information) o pass through

How they reduce glare: When unpolarized
light huts a reflective surface at a certain angle
(near Brewster's angle), the reflected hight
becomes largely  horizontally polanized
Polarized sunglasses act as an analyzer that is
“crossed”  or  nearly  crossed  with  this
horizontally polarized glare According to
Malus's law  (1=10c0s20), if the angle 0
between the horizontally polarized glare and
the vertically aligned transmission axis of the
sunglasses 15 90e, then cos2(90¢)=0, and the
intensity I becomes zero. In reality, it's rarely
a perfect 90, so the glare s significantly
reduced rather than completely eliminated
Example: Imagine you are driving on a sunny
day, and the sun reflects off the wet road
ahead This reflected Light couses a bright,
blinding  plare. This  glare s mostly
horizontally polanzed. If you wear polanzed
sunglasses, the vertically aligned filters in the
lenses will block most of this honzontally
polarized light  As a result, the glare
disappears or is greatly reduced, allowing
you to sce the road markings and other
vehicles clearly without straining your eyes.
This is a direct application of Malus's law,
where the sunglasses act as an analyzer that
significantly  reduces  the antensity of the
unwanlted polanized light

How will the sky appear if there had been
no atmosphere?

If there were no atmosphere, the sky would

* appear black, even dunng the day. This s

because there would be no air molecules to
scatter sunbght The sun would appear as a
very bnght disk against a dark, star-filled shy,
similar to how space looks from the Moon.
What Is the significance of detecting
gravitational waves?
Detecung  gravitational
significant because it

waves 15 highly

® Confirms Elnstein's General Relativity
It provides strony obsery ational evidence
for o key prediction of Linstein's theorny
strengthening our  understanding — of
pravity

®  Opens a New Window to the Universe: It
allows us 1o “hear and “see
cosmic events (like black hole mergers)
that are invisible to traditional hght-based
telescopes This s a new way 1o study the

ealreme

universe

®  Studies Strong-Tield Gravaty: It provides
a way to observe pgravity an ats most
extreme forms, where black holes and
neutron stars distort space-thne strongly

o Helps Understand FEarly  Universe:
Gravitational could  potentially
carry information from the very early
universe, before hight could frecly travel

o  Tests Fundamental Physics: It offers new
ways to test fundamental theornies of
physics under condimons that cannot be
rephicated on Earth

Wodvis

COMPREHENSIVE QUESTIONS

8.1

82

83

84

8.5

8.6

8.7

8.8

Define the phenomenon of polarization of
waves How douvs polanzation of
electromagnetic waves occur? Also classify
the polanization of waves

How can the plane polanzed hight be
produced and detected? Whal does 1t prove?
How can polarized hight be obtamned by the
method of reflection? Explain

State  Malus's law  Explain  the
formula

What 15 a Polaroid? Explain two main
applications of polanization

What are gravitational waves? Describe the
basic types of gravitational waves

What is an interferometer? Describe the basic
LIGO interferometer in detail

What ts meant by optical activaty? Discilts it

intensity

+ 'SOLVED EXAMPLES

EXAMI'LE 8.1

A beam of light strikes the surface of a plate of glass
with a refractive index of /3 at the polarizings
angle. What will be the angle of refraction of the
wave of light?

Solution:

Given Refractive index n= /3
We need to find the angle of refraction Or
Using Brewster's Law . tanBy=n
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tan0B=\3
O=tan-1(+/3 )
Oy = 60°
At the polarizing angle, the reflected and refracted
beams are at 90¢ to each other:
Or = 90"-0s
0,=90"-60"
0,=30"
Answer: The angle of refraction will be 30°.
EXAMPLES.2
Find the refractive index of a medium if the
polarizing angle is 54.5%
Solution:
Given:
Polarizing angle Bp=54 5o
We need to find the refractive index n.
Using Brewster's Law: tanO;=n
n=1an(54 5')
n=14
Answer: The refractive index of the medium 1s 1.4,
EXAMPLLS3
Polarized light with an intensity of 75 W m™? passes
through an analyzer with its axis at 30" to the
polarizer's axis. What is the emerging intensity?
Solution:
Given:
Initial intensity 10=75 W m™?
Angle 0=30"
We need to find the emerging intensity |
Using Malus's Law [ =1, Cos0
1=75 W m~=Cos*(30")
1=75 W m-2x(0.866)?
[=75 W m"x0.75
1=56.25 W m?
Answer: The emerging intensity 1s 56.25 W m~2.
EXAMPLES4
A polarized light with an amplitude of 5 units
passes through a polarizer with its electric field
aligned at 60 to the original polarization direction.
Find the amplitude of the wave after passing
through the analyzer. ’
Solution:
Given:
Initial amplitude
Angle 0=60s
We need to find the transmitted amplitude A
Using the amplitude relation from Malus's law:
A=Alcos0
A=5%cos(60s)
A=5+05
A=25units
Answer: The amplitude of the wave after passing
through the analyzer is 25 units.

AD=5 unils
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EXAMPLE 85
If the gravitational waves have a wavelength of
4000 km, find their frequency.

Solution:

Given:

Wavelength A=1000 km=4x10* m

Speed of light c=3x108 m s=1 (since GWs travel at the
speed of light) N

We need to find the frequency f.

Using the wave speed formula: v=c=Q\

<
So, f 7

. 310 ms
4x10" m
. F=0.75x10s!
f=75Hz

Answer: The frequency of the gravitational waves js
73 Hze
Example 8.6
A binary system emits gravitational waves with
frequency of 10" Hz. What is the wavelength of
these waves?
Solution: o
Given:
Frequency =107 Hz=10"7 5!
Speed of hight ¢=3x10° m 57! (since GWs travel at the
speed of ight)
We need to find the wavelength A
Using the wave speed formula: c=fA

So, A=<
/

{

(:v=e)

_3710° ms'/
107 s
A=3x10""m
Answer: The wavelength of these waves is 31015 m.

NUMERICAL PROBLEMS

8.1 When an unpolarized light of intensity
is incident on a polarizing sheet, find the
intensity of light which does not gel
transmilted.

A

Given
Intensily of unpolarized light = I,
Intensity of polarized light = 1 = I, cos? 0

2
1 1 1
=lscos?45 = I.‘[‘:ff) - l.n[s]'- '—:‘*
Intensity of untransmitted light = I, = |
= ]0. _‘."_P- .IL
2 2
82 A polarized light beam passes through
polarizer at an angle of 45° Find the

intensity ofthe transmilled light if the
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jnitial intensity is 100 Wmn'2,
jven
f:wn_m)r of unpolarized light = I, = 100 W m2
Angle of polarization = 0 = 45
Intensity of polarized light = 1 =7
I=1,cos20

1 2
= 100 cos? 45 = 100 [3] =100 [-;—)- 50 W m?

3 A light wave passes through a polarizer
with its clectric field aligned at 30° to the
horizontal. If the amplitude of the wave is
10 units, what is the amplitude of the
wave passing through the polarizer?

Given

Amplitude of unpolarized wave = A, = 10 units

Angle between the electric field and the polarizer =

g=3

mpmu.ly of polarized wave = A =7

Solution:

A=A, Cos )
A =10 cos 30°

3

A 10 _— 8.66 unils

84  What angle is required between the
direction of polaroid light and the axis of a
Polaroid filter to reduce its intensity by
85%?

Intensity of incident light = [, = 100% =
Intensity of tansmitted light = |
=100-85=15%=0.15
Angle of polanizanin =0
by using Malus’s law
D15 = 1eos'
Cosi0=01

Cus 0 .
0 s 't W) = 67,5
85 An unpolanized light having intensity of

15 W m? is incident on a pair of polarizers.
The  fust  polaroid  filler  has  its
fransmission av =0 from the vertical.
the second  Polaroid  filter  has ils
transmission axis at 207 from the vertical.
Calculate the intensity of light transmitted
to both filters.

Given

Intensity of unpolanized light = 1, = 15 W m?
First polarization angle =0, =50

Second polarization angle = 0 = 200

Angle of polarization = 0 = () = 0; = 50 - 20 = 30

To Find

Intensity of final transmitted Jight = 1= ?

Solution

intensity of light becomes half  after  passing
through first polarized filter

50

loy= L~ —=-75wm"

Now using Malus's law
[=1,c0s70)
I=75c08230 =75 [-‘QJ -75 [3J m

2 1

=560 W

8.6  Two polarizing sheets have their
polarizing directions parallel so that
intensity of emitted light is maximum
Through what angle must either sheet be
rotated if the intensity is to be dropped by
half?

Given
f

1

1

Solution
t#hy using Malus's law
I=1,cos?0

= =1,cos?0
2

Cos?(= L

2

!
Cosll= —
‘ V2

1
0= cos == =45

8.7 We wish to use a glass plate of refractive
index of 1.5 in air as a polanizer. Find the
polarizing angle and angle of refraction.

Given
Refractive index of glass plate = n = 15

To find
Polarizing angle = 0= ?

Angle of refraction = 0,- 7
Solution
By using Brewster's law

TanUp = n
Op = tan'n
0. = tan '(1.5)
Up =563+

Now Op + 0= 90
B,= 9 nl
0= 90 - 56.3% = 337



