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UNIT- 11 - INTERFERENCE

Interference of Light-Coherent Sources-Phase difference and path difference-Band
width-Theory of interference fringes-Interference due to reflected light-Newton’s rings-
Determination of Wavelength of Sodium light and Refractive index of a liquid-Fringes
produced by a wedge shaped thin film-Colour of thin film-Interferometer-Michelson’s
Interferometer-Determination of wavelength of monochromatic light and Difference in

wavelength between two neighboring spectral lines

Introduction

The variation in light intensity due to the superposition of two or more waves is called
interference. The amplitude of the resultant wave at any point in space is the vector sum of the
amplitudes of the individual waves at that point.When interfering, two waves can add together
to create a wave of greater amplitude than either one (constructive interference) or subtract
from each other to create a wave of lesser amplitude than either one (destructive
interference), depending on their relative phase. Two waves are said to be coherent if they
have a constant relative phase. The amount of coherence can readily be measured by the
interference visibility, which looks at the size of the interference fringes relative to the input
waves (as the phase offset is varied); a precise mathematical definition of the degree of
coherence is given by means of correlation functions.The coherence of two waves expresses
how well correlated the waves are as quantified by the cross-correlation function. The cross-
correlation quantifies the ability to predict the phase of the second wave by knowing the phase
of the first. As an example, consider two waves perfectly correlated for all times. At any time,
phase difference will be constant. If, when combined, they exhibit perfect constructive
interference, perfect destructive interference, or something in-between but with constant
phase difference, then it follows that they are perfectly coherent. As will be discussed below,
the second wave need not be a separate entity. It could be the first wave at a different time or
position.

Light also has a polarization, which is the direction in which the electric field
oscillates. Unpolarized light is composed of incoherent light waves with random polarization
angles. The electric field of the unpolarized light wanders in every direction and changes in
phase over the coherence time of the two light waves. An absorbing polarizer rotated to any
angle will always transmit half the incident intensity when averaged over time.If the electric
field wanders by a smaller amount the light will be partially polarized so that at some angle, the
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polarizer will transmit more than half the intensity. If a wave is combined with an orthogonally
polarized copy of itself delayed by less than the coherence time, partially polarized light is
created.The polarization of a light beam is represented by a vector in the Poincaré sphere. For
polarized light the end of the vector lies on the surface of the sphere, whereas the vector has
zero length for unpolarized light.

COHERENT SOURCES:

Two sources are said to be coherent if they emit light waves of the same
frequency, nearly the same amplitude and are always in phase with each other.Ilt means that
the two sources must emit radiations of the same colour(wavelength).In actual practice, it is
not possible to have two independent sources which are coherent. But for experimental
purposes, two virtual sources formed from a single source can act as coherent sources.

PHASE DIFFERENCE AND PATH DIFFERENCE

If the Path difference between the two waves is A, the phase difference=2mn.Suppose for a
path difference x, the phase difference is &.For a path difference A, the phase difference is 2 .

Phase difference= &= 2rix/ A

THEORY OF INTERFERENCE FRINGES-INTERFERENCE DUE TO REFLECTED LIGHT
Interference fringe, a bright or dark band caused by beams of light that
are in phase or out of phase with one another. Light waves and similar wave propagation, when
superimposed, will add their crests if they meet in the same phase (the waves are both
increasing and both decreasing); or the troughs will cancel the crests if they are out of phase;
these phenomena are called constructive and destructive interference.
NEWTON’S RINGS
Newton’s rings, in optics, a series of concentric light- and dark-coloured bands
observed between two pieces of glass when one is convex and rests on its convex side on
another piece having a flat surface. Thus, a layer of air exists between them. The phenomenon
is caused by the interference of light waves—i.e., the superimposing of trains of waves so that
when their crests coincide, the light brightens; but when trough and crest meet, the light is
destroyed. Light waves reflected from both top and bottom surfaces of the air film between the
two pieces of glass interfere. The rings are named after the English 17th-century physicist Sir
Isaac Newton, who first investigated them quantitatively.Newton’s rings are formed when a
plano-convex lens P of large radius of curvature placed on a sheet of a plane glass AB is
illuminated from the top with monochromatic light as shown in the figure.
The combination forms a thin circular air film of variable thickness in all
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direction around the point of contact of the lens and the glass plate. The locus of all points
corresponding to specific thickness of air film falls on a circle whose centre is at O. The
experimental arrangement for observing Newton’s rings is shown in the fig. 1. Monochromatic
light from an extended source S is rendered parallel by lens L. Itis incident on a glass plate
inclined at 45°to the horizontal, and is reflected normally down onto a plano-convex lens
placed on a flat glass plate.

Theory — (i) Newton’s rings by reflected light

In Newton’s rings , the air-film in between a plano-convex lens and a glass plate using
nearly monochromatic light from a sodium-source and hence to determine the radius of
curvature of the plano-convex lens.

Apparatus required

A nearly monochromatic source of light (source of sodium light),a plano-convex lens,

an optically flat glass plates and a convex lens & a travelling microscope
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Figure :1

When a parallel beam of monochromatic light is incident normally on a combination of a plano-
convex lens L and a glass plate G, as shown in Fig.1, a part of each incident ray is reflected from
the lower surface of the lens, and a part, after refraction through the air film between the lens
and the plate, is reflected back from the plate surface. These two reflected rays are coherent,
hence they will interfere and produce a system of alternate dark and bright rings with the point
of contact between the lens and the plate as the center. These rings are known as Newton’s
ring.
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Figure :2

For a normal incidence of monochromatic light, the path difference between the

reflected rays (see Fig.1) is very nearly equal to 2ut where p and t are the refractive index and
thickness of the air-film respectively. The fact that the wave is reflected from air to glass surface

introduces a phase shift ofw. Here, interference is due to reflected light.
Therefore, for bright fringe2 ptcos©=(2n-1)A/2 ;n=1,2,3 ...... (2)
Here, © is small, therefore cos © =1, for air, u=1;
2t =(2n-1) A/2
and for dark fringe 2 ptcos 8 =A
2t=ni;n=0,12,3 (2)

In this figure, suppose the radius of curvature of the lens is R and the air film is of thickness‘t’ at

a distance of OQ=r,from the point of contact O.
From the figure, DB=BE=r; AB=EF=t;
2R-t=2R (approximately)

2= 2Rt -—mmmmmemeee > t=r’/2R (3)
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Figure-3
Substituting the value of t in equation (1) and equation (2),

r’ =(2n-1)Ar/2

For bright rings, r = \/(2n — 1)AR /2 (4)

For dark rings, r?=nAR (5)
r=vniR (6)

When n=0, the radius of the dark ring is zero

and the radius of the bright ring is \/(/1_R/2.Therefore, the centre is dark.Alternately dark and
bright rings are produced.
RESULT
The radius of the dark ring is proportional to (i) vn (i) V2 and (iii) VR
If D is the diameter of the dark ring, D=2r=2 VniR (5)

For the central dark ring, n=0; D=2 vVnAR =0.

This corresponds to the centre of the Newton’s rings.While counting the order of the dark rings
1,2, 3,etc the central ring is not counted.
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Therefore for the first dark ring, n=1, D;=2 VAR
for the second dark ring, n=2, D,=2 V2R
For the four dark ring, n=4, D4= 2 V4AR

The difference in the diameters between the fourth and first rings,D=2 VAR .Therfore,the
fringe width decreases with the order of the fringe and the fringes got closer with increase in

their order.
DETERMINATION OF WAVELENGTH OF SODIUM LIGHT USING NEWTON'’S RINGS

In the experimental arrangement, S is a source of sodium light. A parallel
beam of light from the lens L; is reflected by the glass plate B inclined at an angle of 45° to the
horizontal. L is a Plano-convex lens of large focal length. Newton’s rings are viewed through B
by a travelling microscope M focused on the air film. Circular bright and dark rings are seen
with the centre dark. With the help of a travelling microscope, measure the diameter of the n th

dark ring.
A = (Dnsm)® =(Dn)*/4mR (6)

The radius of the curvature of the lower surface of lens is determined with the help of
spherometer but more accurately it is determined by the Boy’s method. Hence the wavelength

of a given monochromatic source of light can be determined.
REFRACTIVE INDEX OF A LIQUID

The experiment is performed when there is an air film between the plano-convex

lens and the optically plane glass plate .These are kept in a metal container C.The diameter of

h

then™ and (n+m) ™ dark rings are determined with the help of a travelling microscope.

Similarly, the diameter of the (n+m)thring is given by

4 AR
[D2n+m 1= % ————————————— (1)
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[Dzn ]= 4(n)AR

Subtracting eq. (2) from eq. (1), we get

4mAR

[D2n+m ]_[Dzn ]=
But we know that

[ D2n+m]air_[ Dzn]air = 4p7\,R .............. (4)

(7)/(6) =

_ [D721+m]air_[D721]air

[D721+m]L_[D121]L

Thus the refractive index of the liquid is determined.

MICHELSON'’S INTERFEROMETER

An interferometer is an instrument in which the phenomenon of interference is used to
make precise measurements of wavelengths or distances.

Principle

In Michelson interferometer, a beam of light from an extended source is divided into
two parts of equal intensities by partial reflection and refraction. These beams travel in two
mutually perpendicular directions and come together after reflection from plane mirrors. The
beams overlap on each other and produce interference fringes.

Construction

The schematic of a simple Michelson interferometer is shown in the figure. It consists of
a beam splitter G;, a compensating plate G,, and two plane mirrors M; and M,.The beam
splitter Gy is a partially silvered plane parallel glass plate. The compensating G, is a simple plane
parallel glass plate having the same thickness as G;.The two glass plates G; and G, are held
parallel to each other and are inclined at an angle of 45 with respect to the mirror M,.The
interference bands are observed in the field of view of the telescope T.

Working

Monochromatic light from an extended source S is rendered parallel by means of a
collimating lens L and is made to incident on the beam splitter Gi. It is partly reflected at the
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back surface of G; along AC and partly transmitted along AB.The beam AC travels normally
towards the plane mirror M; and is reflected back along the same path and comes out along AT.
The transmitted beam travels toward the mirror M; and is reflected along the same path. It is
reflected at the back surface of G; and proceeds along AT.

E G, G, are the glass

plate
M, [} " MM, areadjustable
Mirrors
S - monochromatic
light source

L - collimating lens
T - telescope

The two beams received along AT are produced from a single source through division of

LA

&

amplitude and are hence coherent. The superposition of these beams leads to interference and
produces interference fringes.
Formation of Circular Fringes:

The shape of fringes in M.l. depends on inclination of mirror M; and M,.Circular fringes are
produced with monochromatic light, if the mirror M; and M, are perfectly perpendicular to
each other. In this position an image of mirror M,, M," is formed due to half silvered polished
plate G, just below the mirror M. The virtual image of mirror M, and the mirror M; must be
parallel. Therefore it is assumed that an imaginary air film is formed in between mirror M, and
virtual image mirror M',.The interference pattern can be considered as the rays of light
reflected, from the surface of mirror M; (real) and mirror M, (virtual). Therefore, the
interference pattern will be obtained due to imaginary air film enclosed between M; and
M',.Circular fringes can be seen by telescope because they are formed at infinity because they
are formed due to two parallel interfering rays. When d becomes zero, the whole pattern
becomes dark. Since a circular fringe is formed at the same inclination so they are called fringe
of equal inclination and also called Haidinger's fringes.
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The shape of localized fringes when M, and M, are inclined.
Convex of curved fringes near thin edge of the wedge.

Localized fringes

In case when the mirrors are not exactly parallel, fringes can still be observed in
monochromatic light for path differences not much greater than a few millimeters. The space
between the mirrors is wedge-shaped, thus the two rays reaching the eye from the mirrors are
no longer parallel and appear to diverge. The fringes are now semi-circles, with the centre lying
outside the field of view — such fringes are often called localized fringes. The reason these
fringes are almost straight is primarily because of the variation of the thickness of air in the
wedge, as that is now the main reason for the variation of the path difference between the two
beams across the field of view. One would expect all fringes to be perfectly straight, parallel to
the edge of the wedge: however, that is not the case, as the path difference still does vary
somewhat with the angle 6, especially if d is large. Depending on the magnitude of d, we can
observe different interference patterns: as we change the path difference the fringes become
straighter, until we hit point of zero path difference. At that point, if we were looking at circular
fringes, they would fill the whole field of view, become very large circles — that means that
localized fringes would become parallel lines, as if there were small sections of the
circumferences of very large circles. The association “large circular fringes — parallel localized

fringes” will be important in the next section, when we use it to locate white light fringes.
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GmsaL 6 alemene) (INnterference)

SDISSH alenene] —QUiILIenL

(PHTEIDT

pfer upiienis CaHraipsleam S DimeuseT  almBWTeaiyl  &Lbsh L6,
Simal  6hGHalSH TBIHMEOUD SO WITeVD OHTLIHE (WPATOIF CFsveumsHs  SHTEmTCUTLD.
SImeLEBTeTNd iYL Uled 6l Siemevalgaled GCFedBEHI il OFHeafe).  gerGal el
Slmeouignb @6%»  GBurmeip  alemenalemet  AHTUTTEHHOTD.QMH  @6lld  SBOBHET T
oa_HHH6 aUPWTEF OFeLabBUTSHI, Siemer  @eTenBOWTEIRI SLSG LeTeflseaied OFmnley
mBpl  CHTaEIBISBS. ®56sley IBBLD BB @6l SlemevdeT  GLBOLT(HHSHIGUSHTED
IBLGBSBSHI. GuoBOLTHHHIHL STFIOTS @F Fev Lelalsefled Gapfley Fmioorse)n
B\HEGLD. @eiaump  @amBGg CoBulL  @ealdsBanmaeT  @eatmBIQWITEIN &L SbE&GUTSI,
SleuallHH60 gBUBH B @eflFamle) wTBBL GuISH. (B allenerey ereTlILIHLD.
GBIBS_B ealemeney
AB eaiuemen & UeTell el cpeomidbel.  @euBped(hhd FIO  SHIEHEVHET(LPLD.
g0 aiF&D, Heveowmenr SULCaupumBd Osmewi @6l SlemeudeT  CHmeirmisleiment. Qslall(w
SImeLBEHD PCT o sHHe UPHWTHEF CFeoaIDCUTSHI, 2L SHH a6 HIH6THeT @aial(h
Slmeudaial  alemenalBg o L ubhSmal. aaBal  FHIF6T SEOLUWD B LGuwTES, &
SIEN6EVSHETHLD 60T SHFHE WLITD JIBUBSHSHID @)L UELWITEFufest n(BHEVTGLD. B Hemes
GuBeuTmHbaHIHD HHHeuDd (Principle of Superposition) eresui.
uLtb 1 60 yeitellds Carhmer eefl oemevullest SiBGHmenud aTLT  CamBHern
(WWHHEBMEMUD GBSHIMBI.  B(H SIMeVH6MET AIFFHBET FIOWTH EHLILSTEO, @(H Dlewevullest
SIBGBL  BBHET  (PpEbD  FHASSWOUTH, HFT SLWD @ UCUWTFS  &PwmEGLD
@eiutdeis  @h Seweoulsst OIBBG BB HT DBBLET  DILVVHI  @RH  (PHB  LOBBSHET
WWHBLET  FhHSGHLCUTH HiF6T SedLWd L UCGUWITFS  QUHLOLOTGLD. B LCuwiTE &
sPwrs  BmbTe0, geflullar OQFpley &SFWwnes HSSGL.BHmar  DNHH0 GHBISDSL (B
alleweniay(Destructive interference)aisiur.  @eueurpfesny @ LIOUWITEFS  QUCRHLDDTS  B)(HaELD
Curgl, @iy Qe QUEHLLTE BHHGD. BHmear HbHH GUIGBS. B alamena)(Constructive
interference) eISIUT.QFIG HideT SewLwjd L UOUWTFS, eiFflar B WLRGTGD.  @eflules
Qe BLUCuWTFSuler @mogdhad GCbT  aldssHde0 simwwjd. XY e Heoy
mausHILGLEUTEI,  Hevguled  BmeTULemL&EHD,  GuTedel UL &EpD — CHTarmib.
BouBenn GBISSLBL UL &6 6aiLl. @b Hobalmer GHBIHSLB alenerey 6T6iLIT.
gefluiwed eyevmiseiT(Coherent Source):

Om @l cpeomisefledmha CoHTaIBID 6l DiMeLEH6eT FIO  HIEMEVHET(LD, &FLO
aiFad Hemsowimerr UL CoumumBd OBTRIQHHSHTED,  Dleual(h @61l LPeUHISMET 66N uluIed

CLPGVMRIGBGIT  6T6IILIT.
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@uyetefuledmba  GeueflOw  GCpread  HamHWDOUTEH  HTB 6
Floelt  FITe BT HBHBG. FSTBE O VGHMS  @almB BB el
CuTedeyl BOBUTEHI  UWIGHH60 EHEWIL  6UemeTULIMIGEHD  CHTeTmIs 6sTseot. BOFHMeT  (LpSH6T
(PSHeVUTH JIUTL. 2 B°d  elaTleUT  HewIL BIHSTIT. BULL LG E)6IaIN6TLIMIGSEMET  (LPeMLILILY
SUIe| CFUIgl, eumeTWmISIaET DTHMmSB Slemall LmT.  61eGeu @eweu BIULL L 6T GUEN6TULIRIGEIT
aILGHBEH.ETBL  GweuLevdHer  CuBuriisud,  Sueluginiend  eHGrTeailliumL b
&FHTH6T  GWIGS. B aleverneysl & o L UBaUSHTe0, @eleuenenimiber GaHmermislenmet — eTeor
STD6Y0 WEI aleNdbdlD HHSHTT.
Garzmemen SjenLOLIL:
Bl L6 euememUmBeT OUBIUSBETE CFrHamen el LLLD 260 ST LLILIGET6NSI. L
aSILH DIFH euemeney QI OFBTeWIL  Fo Hend Gl alevemeowm@Gd. @bhsH  allsvensoulsd
@l  ugly, FoHeNed Sewienoimy P—er 15&H UGLIB  MeusbsLILL (HeTeng). afl6LemEVLLLD,
gogHens  seweumould O aaip  yeTefulled OHTRHBHLS6IAIB  @BedB BB @6rflepeold
Galaleoeney L1 &1 @alwgHHed eweusbsLILIL (BeiTeng. allebeneouled(hbdl UIHLD  Benentd
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SMEBH6IT 45 “FTLTUTS  WeubBLILL (BelTen  Sewienmg  aHOITaNlLMLbS  HBEOBUITETS
al6LMELBHGID, HTMITHGHD @wL B o eTem STHBYR60 RSB, STBM  CLOGTLIL 605 66T
Gupurliievid, Sprugtiievd eHeyTefliuemLbs BB GHBIGSL G almenalBE o L LS B
agogmealss sHliTeemen b HewCauTos OoTeni® CohToHEGLOUTSH BULLL 6T  6UM6TUIRIS6IT
Qg &6t

<>

(1) PwlLer auenemumisetr CHTaiplouBBITE 6l6mBLD:

alevemev L —60 el  eaip uGsHflenenis sm@iGaurd. C aaip  LsiTefullsd e
ugd aFHgmeiisgs Gwed GCrrédslujd, wm uGHH oam@Bmel &S CHTEHuD CFSBS
oarhmals O &sHT D aeam  yeteluleoul’ B edHopmefliiiuenL bgl, eubs eubuinss
FH(HYSBSI. ®eieuty @ UGsHAembH O  BBewBEHeT  CHTETmIS T360T. Bemer
@rewihd  GLSSLH  almeralBEd 2 L LGHBSH. Om sBOBILIMLCW 2 a6
utenaCaupim@ 2CD. C  eep  yetefluled gmupB e1HOrmeily SILTGHmB o261 &&HHe0
giuBeuBTeL, UL IBBD CoHraimeudlevemev opermed D 60 gBuUBD erdhopmefiiny oI moE
oa_HHHL GBUBSHTEL,SL L CoumimrBn gBuUBHBEH.  DHemed gBUBL uUTend GCeumium®

M2. S Qurss uteng Geupium® =2.CD+A/2
BBV GBS B alenenalBg
2.CD+M2=nA
2.CD=(2n-1) M2 (1)
OINHFH0 GBHS.H alemenalBg 2.CD+HA/2=(2n+1)A/2
2.CD=nA (2)
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allebemeVU|LD, FLOFHeNSH SHewieiTould CHTHS B LsTaiuled STHB®I GO 60SHH T HlgloasT FHiLf.
aeGou @l yeitell HHeWLWTS EHEGWD. BlyeTeluledmba OeualGuw Grréad mHamHDGUTS,
&TBBI G vHH60 SHweT FJTd DHBNHEBH  MOWSHHBHH @B GSBEI L D
CaTeni® euedFWILGLD Ul LI UGHUTeL Sienould STBSle HIgLoeT FIOWTGD.  BSHHIQLON6TF
gnibg. D& @6l el LorsGar oevevd @ Ul LworasGar Siemoujd.  STHRI6T  HigLoest
Fme  oHeMiugdted, @@ HubdHmersepd  omsl Tl SlewLULD. a5Ca  B\mei
QUEMGITULIMIG@GHLD, 6T  GUENGNTUWIMIGEHLD Lompsl oTml Sieww|d.  @eleuTml MDWSHHED & (HEMLD
yetefwlb oipementd  gmm  Oumedey  aUEDENTWLIMISEHID, E(HET  GUEN6TLMIGEHD  ompl  Lomns)
SIGMLOW|LD.

(2) ouemenwmseilest b UL OFBG  aaugs o CatanddHear Gmisd Geul (B
Gaxmmon@. OFG  eaeip  allsbeney B&CaTensHHel(HbaH Gl ly abBdHsiUlLHTGW. O ereis
yelTerfluled eflebemeou]ld Fogenm Silgujl el OHTBHMSH.  eteiBeu @l eiellulled & mHBsiel SHigLoesT
aPwrgbd. uLsdHHe CD  aemp m Uetaismers smsHGard. @mEgOC=0D. oizmag
C mow, D maeb GwBm o sfen &STHBHI  OLOGILLVHHET  HIQLOGT FLOLDTGLD. SISHTAUS
CG=FD. Guwaib FG eeiug O g evwowionds OQsmemil eul L SHetr el L Lb.

OC=0D=EF

ObH IHmS I eienid COdmeTGeumid,eul L Saesr LewiLledhbg

OE.EB=FE.EG

OE(2R-OE)=EG® (BF=EG)
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(Or) 2R.OE=0D? (FE=0D)
2.0EZ0DYR e, (3)
®mEg R eaaiug alsvemwevuien euemerne) oy, OE=FD=t @nmBfled HigloesT elercs CHTEUWIL M6V,
2t=0DYR=r/R s (4)
OrE GUIHS.(H almere aHosTalshs SBmBUWTED gBLBST OLTede) aUM6TILISSBEHT6
BILIHSHemeot
20t COSr = (2n-1)M2 (5)
@mig n=0,1,2,3......... ter wFHly FBWSTS SHLILISTEO COS I=1=1 o6m &b STBBI 6IGTLISHTEV
p=1
S Quredey euenenwSHBE 2= (2N-1)M2 e (6)
Bt euemenusH i, 2t=r’/R
(2n-1)M2 =r*IR

r’=(2n-1) ) AR/2

r=VRn-DAR2 e, (7)
2t=ni

n = /R

r=NnRA (8)

@eleuTm B(HeT aUmeTSHEB LTD. euflens erewieniler @HLOG cPeLHHMBE CHT aldHdHde0
SIMLOHBG!.

N-SLI%H aUMETWSHH G QUTID I 6T6o1d O\BHTEuTL 60

2R =(2n-1) M2 (Gumedey euememiwitd)

r/R=n A (B(H6IT  GUEMAITULILD)
®Cs Gumaliy M- LeuFHl GUMETUWIGHHID DI Im  6eTevTleor
m2/R=(2m-1) M2  (Gumedey euemenwILD)

rm2/R = m\ (B m6iT suemeNTLILD)
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A= - T2 IR(NGM) e (9)

dn,dm eteiiieney (penmBU N Leugk M SLaIGI aUMETLIGSH T il L RIG6T 6l6ddh GBTewIL 60
o16018  GlsBmensTLmev

dn-dn?/4R = (n-m) A, A=dnZAnZ/AN-MR s (10)

GBnsS._ B alemenajraiser (Interferometer)

GBISSLH  almere HHHUHMS ~ SIPLLUMLWTES Ty  OCFwBUBL — SHelenw
GBIGS.BH  alleneTaomel&eT  6T6IILIT. Assmalulenerl UwWeUGSHSH — eumuy,  SHlyeuld
o FweuBpleir  eellaleudsd elawienent LGB  OIIPSHIEIBMNEID  SH6wTL 5IUI6VTLD. R
Bssmalsmen  eflalevssd  erewiomed (refractrometer)  eresmu. BILUUD  QBTewTL
BiBoTeevoTelgeT  LweUbBHd  Gupsamigul  (PReyHeT  sasemer el e FHs
H16060WILDTGTH).

mdHFe GUbSL G alememajworei (Michelson Interferometer)

MDSHVFTT  GBISBL (B allevenaomeiulle SiewlL UL SHHe0 ST LLIUL BeTengl. B &lev
M1 M, eiaiiB &H Fogen SigHet o etenerr.  P,Q ereiiuenen @By geflulwiedyb, FIo Higlognid
OBTEWIL.  FID HENBH  HEWIGITIQHE. Aemeu  @af OFsbed UTMHDHEG 45 KHM  gTuiuTs

meUSBLILIL (HeiTeE.

5 G, G, arethe glass

A plate

e RS
{ } c M,.,M, are adjustable
mirrors

S - monochromatic

light source
L - collimating lens
T - telescope

L
E Lo M Mz

M,

L2

P-sliged Qeweu Gprésdlw  udbsld UGH JFD LI (BHeTeng. M; Plensowins
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SImHSLILL [BHeTengl. Mz @ BamHD DdWLLIENSH MeubSULL (BeTendl. @@  H(HE eIl
LwSuBSHH M2 & WaCETEACWT  olevevg  LISICHTESBWT  HHTHHETD.Sel(HbEH — eIHLD
BB BB @elssBamsp SeameuuTdslul L 1T ugd JaFb YFuulL SHeuenmpd H3B P 60
alwspg. P o alwbs spon o6 UGH eamalu sBonp Mg aHogmaldss sbeps
Mz sub  ellpal,adHOrmeflliumLbd Om SBoBSEHD  CHTemelhThd Ty CHTEHHF
Czeodmpal. Mz B Osaim HELUFSB SBBWTEIEH.  Hawewimy P eufwrs Qyen®
(weop eapmalsF OFevsBeuemiBd. BFHmens Ffl Gaulusmares Mi & CEpréeslsF GFevdems
utemauied Q 6IFIB  Hewiewimy  MEUSBBLILIL B6iTeN). Q oeteveum  auemBBeileID P ulement
RSHITGLD. BBurgr M; 3 Crradls Ogodas asmes Q & Bk (WodB  &Llbhd
CF60SBGI. 56 B SBOBHEHD  OCFLONID  OHTENHEVFHET  FLODTGLD. Mi1,M;
S FWweuBpled e1H0ITalSHs SBOBHEHL GBIHS. B almenalene gBLUBSHIHBH. GHBIGSL (B
afleemen  OFHTemeVBHTHS  cLpsVD  LITTSHSHEVTLD. Gnss 6 aflser Caraimiusng Mi,M:
D9&H6IT aMIBOsT Flwns CFhGHHTE BHbH Ceuewi(BL.

aflaer BGxrBmIalssed (Production of Fringes)

P a1 UeusssHelmbhal Bh SLgHEHD FI0 SHMTHH0 Semwujorng  FheauiuwGeaiemtHLb.
allebemevd@ID, M Bl Cw @ oadfld STl MaISHH, DISHIHIMETMU QBB BB
eafepeold  Oamewi®  Oumeleyl L Geuet(HLb. CaTemeuBBTaaluled  LMTh@GHOUTEH  2adlg
glewenuiler &m @rlenL UbumiseT Osflujbd. @ @rlenl & (el Leu@adHuled gmubBLD
agdogreiiuTed, SIBHs Slenll Nbub &  UeugdHuled gBuBL  eagHermeafiiumebd
GHTemISH MBS Siguilelr  LeTUSHITS  iewbhHleen HmBlemenF FhOFuIgkH Sm I
iburkigeT @eenbdl, @ DI o uwnssd Craipd OFuiwCoewibl. @bhs HubHemer g
CeuiwtuELCUTEI, GBIGSL.H eufleeT GHmeirmisement.

i I )

(
The shape of localized fringes when M, and M, are inclined.
Convex of curved fringes near thin edge of the wedge.

g/

N \\\\\\

il
I
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au’Leuflweir (Circular Fringes)

BB BB eeflemuin UweuBHSH el L eauflser CaxrBmialdseord. el euflsel
Caxmpmielsseord. el euflser CamamousBE ope M2 b M o160 Gameiipid CxHrmmLl
Wioub  Mi'b @evemtwuns Smés Geuewio. Mib My @b el L ugdHedw Fymeor
FIPLo6  OFBTeWIL Gl suonddh  Gdmeteneumd.  @UIGuUTgH CaHTaipid eufldenen B Eha T
auflser(Haidenger fringes) owbevg g gruley Ostewii  euflsei(equal inclination fringes)
aailT.  @emen el L eaufldenmg. Mo e Mi'Be BoLBu @55 Usieafulsd ed0rmeaisHs
sBeBaeT, aThislu’. CaTandhdled CUmLHme CaHTBBIeIlLSBETET BILIbHSHmT

2d cosO =ni

Mz b Mi'b QarEbGuTsd utens Gaumpiun@h sPwrg. SUGurgd BGHTIBID LjeuD E)HeTH
Bmdan. My = Mi'ar bpussd paTsHeamed Wewihd eufl Bameis  ewowidhd 60 (Hha
oIFH &M ESma.

(1) Al L eufldenenl LWTLGSHSH eeluled SImeVHETLD SHT6IT60TLD.

) eluller sBenB HIBSH HETEHOMUI  QLTTUIGOTLD.

3) uTlsefer Benentd SHeTenDenU! DLTTUIGOTLD.

4) alentfaiseier Camemt @il LMibemem S|email6UTLD.

o ool L euflmel oigdem M1 My b sflwrss QFRgGHHTE Be0eorsCUTHI g M)

b M1 9160 Gamaipid Gammmrl bub Uy 1D FTUITS SDOUD. Deausl & SewL Ll L
STBW Q] eugauoTGld.  CaHraipiFam eufleer sTmpsler  HlgloeneTud, LIGEHT6mT&HmSHUILD
gnihsal.LUeoBaup’ L. s L Coupunhasl @ Coreamideam eauflsefler  eugeud UL S0
STLL UL (BeiTeng. M; o emienouiGeoBuw Mi g enwwdHHed Geul HGUTH  (LpLDeDLOWIT 6T
CrTBaTLBH ouflmel CHTaIBBEH. BH SL9HEHD LILSHHO STLIQUIITH FTUIITS DIHLOULD
Gurngl, euemeneurerr eufldel Gapmapidleaimer. emenale GHal LGH Sl eugele (LPeneTen
CrTeHdls SjenLowLb.

Qeusit@emmerl  eufigsit(VWhite light Fringes)
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Geuem@enmefll LWSTLGSSLILGLCUTE, UTemg Coumpiunh WsdH GmBeuTsd EHHSTOHTE
auflser  GameirmiL. WOTBILLL  GUEITENT  GUENGTULIKISET  QEIBILH @6l  LIT(HbHSHIUSHT6V,
GMDBHSH  CTeNINNHMS OIBTERHIL. 66T CUMGTLIKISETSHTEN CHTAIBISOBe.  ewowill  Lisierl
G menmaay, BB eaufleeT euetienioTda Db HIGW. &FWLUTmd Coupuml igensT SIETULSBE

QeueitGemmel eufldei LWETLGHBS.

mdHFE GBS G alemenajworaiuier LwerseT(Uses of Michelson’s Interferometer)

(1) gBemp BB gefluilesr Semevpend smemeo(Determination of Wavelength of

Monochromatic light)
Mi,M; o &fl Gsuig, el eaflser CamBmielssBaeBd.  CFHTameCHTEHEB MU  HHTH
DFHIT GBIHGS ST @l  euflullar  wwHHO  Siewwougory  GFuIw  Geuemi(BLD.
OaTemeuBpTasiuier auflwuns eauflsemers uUTTHHS OCaTemi(h, g 0 COFHTMeve| HIHTHSD
GouewiBld. Reileurl  BHTHHNDCUTSHI, GHBIBGHSHIOL MOWGHMSH HLEGD eufldenern ereuwrenid
OareitenGauewiBo.  BHewer ‘N’ eeids GsmeiiGaurid. M; & d OmTeeve] BBTHSHHIDBUTHI,
CaHraIdas LTens WIBBD 2d SyEID.
2d=n}, A=2d/n

B H(BHGH DIEMEVHENTD A SHEwThE L 60TLD.
Bm gemepenmis Sen B 2 sien GeaumiumenLd smewied (Determination of difference in
wavelength)

Ww&Heded e L euflaet BHTBmIalsasCouemiBd. eeflepeuld A,A, 61018 E(H SIENEVHETHIGHEN
CaTewiLHTHd  CdmenGeauribd. A>A)  Beoveu @pewiGl Gamguud D euflset  Gumesim
OBmESLTE  OHLUUSTES  0FT6eTCaumd, @bhsH (b DIMEVHEVHIGBEHD Helld — Heollwmen

GueS G  aufl  smwiysmensd  Caripiel b Ba. SO0 ALA,  opduiemar  10H
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OBmHEHOTEAD. &STBHWI  OW&LLSHHGT  Hgwer FPwsTaald SmlugdTed &b eurfl
SIS EHD Bl (penpulsd  eamiwemwdng. St My & OQwgeurs BSTHHermen, @
auflwenliseEpd  Gogleursll  Lfl@Bg. STBBI QSTUL uSHH 6T SHYLOSHT  @(H  GSMILILIL L
SleTuTd  BHEGWeUTEH A, & smow eufl A, @1 Outede] euflulem 15H SDiMWLBMBSH
@pBleneoulsd euemen SieMWLIL  LOMBHSHIAIBLD. AiBurgr o M1 & Guoab BHHTHH
SIBHSH QIm6TUl SIEMIOLIL] WBUD BenevdGHd GCameanhely GouswiG. M, paibs &myd d
aais QamenBeutio.  @bad Beneouled A, gefl oemev N (POBEHEHD, A, @afl Sewev (N+1)
(pBULD Sl CuBBIeTeNHTEdS ClaTeTGauTLb.

2d=nA;: 2d = (nt1) A2

n=2d/A, (nt+1) =2d/ A,

(n+1)-n=2d/ A, - 2d/ &, =2d(A,A) AN,
ooeg A - A, =AA/2d =2%/2d

a9 M1 91655655 B GUBD WoBWD Bameasl @ baidd. boTssiurL smb deg
el Geouewild d O fbamTed, B(H Diemev Henmisl Sl Bui 2 siten GoumILIm e

BT 6UITLD.
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UNIT - III - DIFFRACTION

Fresnel and Fraunhofer diffraction - Diffraction at a straight edge-Fraunhofer
diffraction at a single slit-Double slit-Plane transmission grating-Theory-Width of
principal maxima-Dispersive power of a grating-Resolving power of a prism and
grating-Comparison of Prism and grating spectra.

DIFFRACTION
Diffraction of lightis defined as the bending of light around corners such that it

spreads out and illuminates areas where a shadow is expected.

[++t]111]]]]

WrHE >>>)>>>>

In the single-slit diffraction experiment, we can observe the bending phenomenon

Fig:1 —Diffraction Effect

of light or diffraction that causes light from a coherent source interfere with itself and produce
a distinctive pattern on the screen called the diffraction pattern. Diffraction is evident when the
sources are small enough that they are relatively the size of the wavelength of light.
FRESNEL DIFFRACTION
Fresnel diffraction can be observed if the source of light and the screen at which

the diffraction pattern is formed are kept at a finite distance from the diffracting obstacle. In
this situation, the wavefronts falling on the obstacle are not planes.Similarly; the wavefronts
leaving the obstacle are not plane.
Fraunhofer diffraction

Fraunhofer diffraction can be observed if the source of light and screen at which

the diffraction pattern is formed is placed at an infinite distance from the diffracting obstacle.
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This can be done by using two converging lenses.

Fresnel Vs. Fraunhofer diffraction

Fresnel Diffraction Fraunhofer diffraction

1. If the source of light and screen is at a finite distance | 1. If the source of light and screen is at infinite
from the obstacle, then the diffraction called Fresnel | distance from the obstacle then the diffraction is

diffraction. called Fraunhofer diffraction.
2. The corresponding rays are not parallel. 2. The corresponding rays are not parallel.
3. The wavefronts falling on the obstacle are not plane. | 3. The wavefronts falling on the obstacle are planes.
4, 4,
Fresnel Diffraction
= Fraunhofer diffraction
_--'-""'-'-.
~ ._r__d-r"" "
%\ i A
5. — > | * f b
‘i'%:ﬂ.‘w: = IS I —
a :-\-"-L\_\__ | 1 J =
_\-\-_""--.: }
Source L] | Screen Source at convex lens
Slit | * | Screen
Slit

DIFFRACTION PATTERN DUE TO A STRAIGHT EDGE

Let S be narrow slit illuminated by a source of monochromatic light of wavelength, A. The
length of the slit is perpendicular to the plane of the paper. AD is the straight edge and the
length of the edge is parallel to the length of the slit. XY is the incident cylindrical wavefront.P is
a point on the screen and SAP is perpendicular to the screen.The screen is perpendicular to the

plane of the paper.Below the point P is the geometrical shadow and above P is the illuminated

portion.

”

P
- ==k
e S | B il o
R S-==- - - - ==~
e |
& = STRAIGHT
—— EDGE

Fig.1

Let the distance AP be b. With reference to the point P, the wave front can be divided into a

21
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number of half period strips, as shown in figure. XY is the wave front, A is the pole of the wave
front and AMy, M1M, M;M; etc measure of the thickness of the 1%, 2", 3" etc half period

strips. With the increases in the order of the strip, the area of the strip decreases.

In the above Fig, AP=b
PM,=b +§ and PM,=b + % etc.

Let P'be a point on the screen in the illuminated portion . To calculate the resultant
effect at P’ due to the wave front XY, join S to P'.This line meets the wave front at B. B is the
pole of the wave front with reference to the point P’ and the intensity at P’ will depend mainly
on the number of half period strips enclosed between the points A and B.

The effect at P’ due to the wave front above B is same at all points on the screen
whereas it is different at different points due to the wave front between B and A. The point P’
will be of maximum intensity, if the number of half period strips enclosed between B and A is
odd and the intensity at P’ will be minimum if the number of half period strips enclosed
between B and A is even.

FRAUNHOFFER DIFFRACTION AT A SINGLE SLIT

To obtain a Fraunhofer diffraction pattern,the incident wavefront must be plane and
the diffracted light is collected on the screen with the help of a lens.Thus,the source of light
should either be at a large distance from the slit or a collimating lens must be used.

In Figure, S is a narrow slit perpendicular to the plane of the paper and illuminated by
monochromatic light. L; is the collimating lens and AB is a slit of width a. XY is the incident
spherical wave front. The light passing through the silt AB is incident on the lens L, and the final
refracted beam is observed on the screen MN. The screen is perpendicular to the plane of the
paper.L1 and L2 are achromatic lenses. A plane wave front is incident on the silt AB and each
point on this wave front is a source of secondary disturbance. The secondary waves travelling in
the direction parallel to OP viz. AQ and BV come to focus at P and a bright central image is

observed.
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The secondary waves from points equidistant from O and situated in the upper
and lower halves OA and OB of the wave front travel the same distance in reaching P and hence
the path difference is zero. The secondary waves reinforce one another and P will be a point of
maximum intensity.

Now, consider the secondary waves traveling in the direction AR, inclined at an
angle 0 to the direction OP. All the secondary waves traveling in this direction reach the point
P’ on the screen. The point P" will be of maximum or minimum intensity depending on the path
difference between the secondary waves originating from the corresponding points of the wave

front.Draw OC and BL perpendicular to AR. Then, in AABL

) AL AL
sinfg =—==—
AB

AL =asin® e (1)
Where a is the width of the slit and AL is the path difference between the secondary waves

originating from A and B.

In general, a sinf, =nlA sin@, = nf (2)

Where 0,, gives the direction of the n™™ minimum. Here n is an integer. If, however, the path

difference is odd multiples of1/2, the directions of the secondary maxima can be obtained. In

this case, a sinf, = 2n+1)1/2 sin@, = (2n24;1)/1 a)
Where n=1, 2, 3.,
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Thus, the diffraction pattern due to a single slit consists of a central bright maximum at P
followed by secondary maxima and minima on both the sides. P corresponds to the position of
the central bright maximum and the points on the screen for which the path difference

between the points A and B is A, 24 etc correspond to the position of secondary minima.

FRANUHOFFER DIFFRACTION AT DOUBLE SLIT

M
% — P’
+ |
b — ;,-/—']P
:
4
|
Y N-

In figure, AB and CD are two rectangular slits parallel to one another and perpendicular
to the plane of the paper. The width of each slit is a and the width of the opaque portion is b. L
is a collecting lens and MN is a screen perpendicular to the plane of the paper .P is a point on
the screen such that OP is perpendicular to the screen.Let a plane wave front be incident on the
surface of XY. All the secondary waves traveling in a direction parallel to OP come to focus at P.
Therefore, P corresponds to the position of the central bright maximum.In this case, the
diffraction pattern has to be considered in two parts (i) the interference phenomenon due to
the secondary waves emanating from the corresponding points of the two slits and (ii) the
diffraction pattern due to the secondary waves from the two slits individually.

i) Interference maxima and minima
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FIG-3

Consider the secondary waves traveling in a direction inclined at an angle 8 with the

initial direction.In the AACN (Fig-3), sin@ = NN
AC a+b

CN = (a+ b)sinb
If this path difference is equal to odd multiples of 1/2, 0 gives the direction of minima due to
interference of the secondary waves from the two slits.

CN=(a+b)sin0n=(2n+1)§ ............... (1)

Putting n=1,2,3,etc, the values of 6,,0,,05,etc, corresponding to the directions of

minima can be obtained.From equation(1)

. _ ¢en+pp2
sin @, = 2aiD) (2)

On the other hand, if the secondary waves travel in a direction 8’ such that the path

difference is even multiples of 1/2 , then 8’ gives the direction of the maxima due to

interference of light waves emanating from the two slits.CN = (a + b) sin6’,, = Zn'%

. po_omA
sinf’,, = @ (3)

Putting n=1, 2, 3, etc, 6';,60',,0';,etc corresponding to the directions of the maxima

. . . 31 . 51
can be obtained.From equation (2), sin 8; = 2@tby sin 6, 2(a+b)
. . _ A
sinf@, —sin§; = ™ (4)

Thus, the angular separation between any two consecutive minima (or maxima) is equal to

@tD) .The angular separation is inversely proportional to (a+b), the distance between the two

slits.
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GRATING

A diffraction grating is a device consists of a very large number alternative narrow slits and
opaque spaces.

When a wavefront is incident on a grating surface, light is transmitted through the slits and
obstructed by the opaque portions. Such a grating is called a transmission grating.

THEORY OF PLANE TRANSMISSION GRATING

In Fig, XY i1s the grating surface and MN is the screen. Here AB is slit and BC is an opaque
portion. The width of each slit is a and the opaque spacing between any two consecutive slits 1s b.

Let a plane wave front be incident on the grating surface. Then all the secondary waves travelling
in the same direction as that of the incident light will come to focus at the point P on the screen. The
screen 1s placed at the focal plane of the collecting lens. The point P where all the secondary waves
reinforce one another corresponds to the position of the central bright maximum.Now, consider the
secondary waves travelling in a direction inclined at an angle 6 with the direction of the incident light
(Fig.). These secondary waves come to focus at a point P; on the screen. The intensity at P; will depend
on the path difference between the secondary waves originating from the corresponding points A and C
of two neighbouring slits.

In Fig, AB= a and BC= b. The path difference between the secondary waves starting from A and
Cisequal to AC sin 8, But AC=AB+BC= a + b, Path difference = AC sin 8= (a + b)sin 6

The point P; will be of maximum intensity if this path difference is equal to integral multiples of
the wavelength of light. In this case, all the secondary waves originating from the corresponding points
of the neighbouring slits reinforce one another and the angle 6 gives the direction of maximum intensity.

In general, (a+b)sin6,=n1r (1)

where 6, is the direction of the n™ principal maximum. Putting n=1, 2, 3, etc, the angle 6, 6,, 65,
etc., corresponding to the direction of the principal maxima can be obtained.

WL

Let A and A + dA be two nearby wavelengths present in the incident light and 6 and 8 + d be the
angles of diffraction corresponding to these two wavelengths. Then, for the first order principal maxima
(a+b)sind =2
(a+b)sin(6+db) =21+dA
In equation (1), n=1 gives the direction of the first order image, n=2 gives the direction of the
second order image and so on. When white light is used, the diffraction pattern on the screen consists of
a white central bright maximum and on the both sides of this maximum a spectra corresponding to the
different wavelength of light present in the incident beam will be observed in each order.
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Secondary maxima and minima:
The angle of diffraction 8,, corresponding to the direction of the n™ principal maximum is given
by the equation
2.54

(a + b) - 15000

Now, let the angle of diffraction be increased by a small amount df such that the path difference
between the secondary waves from the point A and C increases by A/N (Fig).

Here N is the total number of lines on the grating surface. Then, the path difference between the
secondary waves from the extreme points of the grating surface will be (A / N)N = A.

Assuming the whole wave front to be divided into two halves, the path difference between the
corresponding points of the two halves will be /2 and all the secondary waves cancel one another’s
effect. Thus,(n + df) will give the direction of the first secondary minimum after the n™ primary

cm

maximum. Similarly if the path difference between the second waves from the points A and C 1s 26/N,
30/N etc, for gradually increasing values of d6, these angles correspond to the direction of 2™, 3“ etc

secondary minima after the n™ primary maximurh.
INTENSITY

CENTRAL IMAGE

de
The intensity distribution on the screen is shown in Fig. P corresponds to the position of the

central maxima and 1,2,etc, on the two sides of P l?epresent the 1%, 2™, etc principal maxima. a, b,etc are
secondary maxima and d, e etc are the secondary minima.
DISPERSIVE POWER OF A GRATING

Dispersive power of a grating is defined as the ratio of the difference in the angle of diffraction
of any two neighbouring spectral lines to the difference in wavelength between the two spectral
lines.

It can also be defined as the difference in the angle of diffraction per unit change in
wavelength. The diffraction of the n th order principal maximum for a wavelength A is given by the
equation,(a+b) sin 6 = nA

Differentiating this equation with respect to 6 and d6 and A (a+b is constant and n is constant
in a given order)

(a+b) cos® d6 = n dA
a0 _ n do _ nN’

r = r —=—
© dA  (a+b)cosO ° dA  cos0
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: o . . . ,
In the above equation, - Is the dispersive power, n is the order of the spectrum, N’ is the

number of lines per cm of the grating surface and 0 is the angle of diffraction for the n th order principal
maximum of wavelength.
RESOLVING POWER

Resolving power is the ability of an imaging device to separate (i.e. to see as distinct) points of an
object that are located at a small angular distance or it is the power of an optical instrument to separate
far away objects, that are close together, into individual images.
RAYLEIGH CRITERION

To express the resolving power of an optical instrument as a numerical value, Lord Rayleigh
proposed an arbitrary criterion. According to him, two nearby images are said to be resolved if the
position of the central maximum of one coincides with the first secondary minimum of the other and
vice versa.Rayleigh condition can also be stated as follows. Two images are said to be just resolved if
the radius of the central disc of either pattern is equal to the distance between the centres of the two
patterns.
RESOLVING POWER OF A PRISM

The term resolving power applied to the spectrographic devices (using a grating or a prism) signifies

the ability of the instrument to form two separate spectral images of two neighbouring wavelengths, A4
and A+dA in the wavelength region A.

“"_I:S' - d

~1_

In Fig, S is a source of light L, is a collimating lens and L, is the telescope objective. As two wave
length A and A+d A are very close, if the prism is set in minimum deviation position would hold good for
both the wavelengths. The final image I; corresponds to the principal maximum for the wavelength A
and I, corresponds to the principal maximum for the wavelength A+d A. I, and I, are formed at the focal
plane of the telescope objective L,. The face of the prism limits the incident beam to a rectangular
section of width a. Hence, the Rayleigh criterion can be applied in the case of a rectangular aperture.

In the case of diffraction at a rectangular aperture, the position of I, will correspond to the first
minimum of the image I, for wavelength A, provided.

ads=210r ds=% (1)

a

Here § is the angle of minimum deviation for wavelengthA.
From the Fig,

«=[5)-(5)]
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sin a = sin [(g) _ (ATJFS)] _ cos (A ;r 5)

. s
But sina = %; COoSs (A—; ) = % (2)
Also sint=2L 3)
2 21
. A+S
. SIin——
In the case of prism, y = —=
ln;
sin A—;"S =U sin% (4)

Here pu and § are dependent on wavelength of light A.
Differentiating equation (4) with respect to 4, we get

1 A+8\dS _du( . A
sos() =% (smy) e ©)
Substituting the values of dd from equations (2) and (3), we obtain
1(a\ds _du(t
Da-a ©
Substituting the value of dé equation (1) we get
A_ g d
=t (7

.2 : . . :
The expression —; measure the resolving power of the prism. It is defined as the ratio of the wavelength A

to the smallest difference in wavelength dA, between this line and a neighbouring line such that two lines
appear just resolve, according to Rayleigh’s criterion.

So, resolving power of a prism =¢. (;—'; ¢))

It means that the resolving power (i) is directly proportional to the length of the base of the prism and (i1)
rate of change of refractive index with respect to wavelength for that particular material.
RESOLVING POWER OF A PLANE TRANSMISSION GRATING

The resolving power of a grating is defined as the ratio of the wavelength A of any spectral line to the
smallest difference in wavelength dA, between this line and a neighboring line such that the two lines
appear just resolved, according to Rayleigh’s criterion.

A

So resolving power of a grating =

e

(rmmmm e m e X g

In Fig, XY is the grating surface and MN is the field of view of the telescope, P, is n™ primary
maximum of a spectral line of wavelength A at an angle of diffraction 8, P, is the n® primary maximum
of a second spectral line of wavelength A + dA at a diffracting angle 6, + d6. P; and P, are the spectral
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lines in the n™ order. These two spectral lines according to Rayleigh, will appear just resolved if the
position of P, also corresponds to the first minimum of P;.
The direction of the n™ primary maximum for a wavelength A is given by,

(a+bsinb,=nr (1)
The direction of the n™ primary maximum for a wavelength 1 + dA is given by,
(a +b)sin(8, +d0) =n(A+dr) 2)

These two lines will appear just resolved if the angle of diffraction (8,, + d6) also corresponds to the
direction of the first secondary minimum after the ng primary maximum at P, (corresponding to the

wavelength). This is possible if the extra path difference introduced is %, where N is the total number of

lines on the grating surface.

(a +b)sin(6, +d0)=nA+ A/N e (3)
Equating the right hand sides of equations (2) and (3),
n(A+dl)=ni+ A/N orndd= A/N orAd/dA=nN s 4)

The quantity A/dA = nN measures the resolving power of a grating. Thus, the resolving power of a
grating is independent of the grating constant. The resolving power is directly proportional to (i) the
order of the spectrum and (i1) the total number of lines on the grating surface. For a given grating, the
distance between the spectral lines is double in the second order spectrum than that in the first order

. : o de N .
spectrum.The dispersive power of a grating is given by, o (a+b;1cos 5= cr;S 5 and the resolving power

of a grating is given by, % = nN, where n is the order of the spectrum and N is the total number of lines

on the grating surface. N’ is the number of lines per cm on the grating surface. Here 6 gives the direction
of the n™ principal maximum corresponding to a wavelength A. From the above equation, it is clear that
the dispersive power increases with increase in the number of lines per cm and the resolving power
increases with increases in the total number of lines on the grating surface (i.e. width of the grating
surface).High dispersive power refers to wide separation of the spectral lines whereas high resolving
power refers to the ability of the instrument to show nearby spectral lines as separate ones
Comparison of Prism and Grating spectra:
(1) With a grating, a number of different orders can be obtained on the two sides of the central
maximum whereas with a prism only one spectrum is obtained.
(2) The spectra obtained with a grating are comparatively purer than those with a prism.
(3) Knowing the grating element (a+b) and measuring the diffraction angle, the wavelength of
any spectral line can be measured accurately. The angles of deviation are dependent on the
refractive index of the material of the prism, which depends on the wavelength of light.

(4) The intensities of the spectral lines with a grating are much less than with a prism.
. : .. do . .
(5) The dispersive power of a grating is i :0—1\; and this is constant for a particular order. Thus,
the spectral lines are evenly distributed. Hence, the spectrum obtained with a grating is said to

. : . ... d . . : .
be rational. The dispersive power of a prism is uTul and this has higher value in the violet

region than in the red region. Hence, there will be more spreading of the spectral lines
towards the violet and the spectrum obtained with a prism is said to be irrational.
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UNIT - IV - POLARIZATION

INTRODUCTION - DOUBLE REFRACTION - NICOL PRISM - NICOL PRISM AS POLARIZER &
ANALYZER - QUARTER AND HALF WAVE PLATE - PRODUCTION AND DETECTION OF PLANE,
ELLIPTICALLY AND CIRCULARLY POLARIZED LIGHT —OPTICAL ACTIVITY - SPECIFIC ROTATION -
LAURENT’S HALF SHADE POLARIMETER.

INTRODUCTION

The phenomena of interference and diffraction demonstrated that light is propagated in the form of waves. They did
not specify whether the light waves are transverse or longitudinal. The phenomena of interference and diffraction are possible in
both transverse and longitudinal waves. The phenomenon of polarization distinctly proves that light waves are only transverse
in nature. Light is propagated in the form of electromagnetic waves.

POLARIZATION
The phenomenon of restricting the vibrations of light (electric or magnetic field vector) to a particular direction
perpendicular to the direction of propagation of wave is called polarization of light.

POLARIZER AND ANALYZER

Let us consider an unpolarized beam of light. The vibrations can be in all possible directions all of them being
perpendicular to the direction of propagation as shown in fig. When this light passes through Polaroid P1 the vibrations are
restricted to only one plane. The emergent beam can be further passed through another Polaroid P2. If the Polaroid P2 is
rotated about the ray of light as axis, for a particular position of P2 the intensity is maximum. When the Polaroid P2 is rotated
from this position the intensity starts decreasing. There is complete extinction of the light when P2 is rotated through 90°. On
further rotation of P2 the light reappears and the intensity increases and becomes a maximum for a further rotation through 90°.
The light coming out from polaroid P1 is said to be plane polarized.

The Polaroid (here P1) which plane polarizes the unpolarized light passing through it is called a polarizer. The polaroid
(here P2) which is used to examine whether a beam of light is polarized or not is called an analyzer.

If the intensity of the unpolarised light is I then the intensity of plane polarised light will be I/2 . The other half of
intensity is restricted by the polariser.

Unpolaris
7 lignt ?/
H ¥ II |

Source Polariser Analyser

BREWSTER'S LAW

It states that at any particular angle of incidence, reflected ray is completely polarized; and the angle between reflected
and refracted ray is 90°.

when reflected wave is perpendicular to the refracted wave, the reflected wave is a totally polarised wave. The angle of
incidence in this case is called Brewster’s angle and is denoted by /5. We can see that 7 is related to the refractive index of the
denser medium. Since we have ig+7 = /2, we get from Snell’s law

sini sini sini . .
=—B-__28 —=2"8—(an i, This is known as Brewster’s law.
sinr sm(E—LB) cosip
MALUS LAW

‘When a completely plane polarized light is incident on an analyzer. The intensity of emergent light varies as the square
of the cosine of the angle between the polarizer and analyzer. (i.e), I = Iy Cos> 0.

DOUBLE REFRACTION
Erasmus Bartholinus, a Danish physicist discovered that when a ray of unpolarised light is incident on a calcite crystal,
two refracted rays are produced. Hence, two images of a single object are formed. This phenomenon is called double

Dr. S. Snega Page 43



refraction as shown in fig. Double refraction is also called birefringence. This phenomenon is also exhibited by several other
crystals like quartz, mica etc.

When an ink dot on a sheet of paper is viewed through a calcite crystal, two images will be seen. On rotating the crystal,
one image remains stationary, while the other rotates around the first. The stationary image is known as the ordinary image O,
produced by the refracted rays which obey the laws of refraction, called as ordinary rays. The other image is extraordinary image E, produced
by the refracted rays which do not obey the laws of refraction, called as extraordinary rays. The extraordinary ray is found to be plane
polarised. Inside a double refracting crystal the ordinary ray travels with same velocity in all directions and the extra ordinary
ray travels with different velocities along different directions. A point source inside a refracting crystal produces spherical
wavefront corresponding to ordinary ray and elliptical wavefront corresponding to extraordinary ray. Inside the crystal, there
is a particular direction in which both the rays travel with same velocity. This direction is called optic axis. Along the optic
axis, the refractive index is same for both the rays and there is no double refraction along this direction.

Extraordinary

ray

Ordinary

Unpolarised — ray
L
C; i

Crystals like calcite, quartz, tourmaline and ice having only one optic axis are called uniaxial crystals.

TYPES OF OPTICALLY ACTIVE CRYSTALS

Crystals like mica, topaz, selenite and aragonite having two optic axes are called biaxial crystals.
HUYGEN’S EXPLANATION OF DOUBLE REFRACTION IN UNIAXIAL CRYSTALS

Huygens explained the phenomenon of double refraction with the help of his principle of secondary wavelets. A point
source of light in a double refraction medium is the origin of two wavefronts.

For the ordinary ray, for which the velocity of the light is the same in all directions, the wavefront is spherical.
For the extraordinary ray, the velocity varies with the direction and the wavefront is an ellipsoid of revolution.

The velocities of the ordinary and extraordinary rays are the same along the optic axis.

Consider a point source of a light S in a calcite crystal fig (a). The sphere is the wave surface for the ordinary ray and
the ellipsoid is the wave surface for extraordinary ray.

The ordinary wave surface lies within the extraordinary wave surface. Such crystals are known as negative crystal. For
positive crystals like quartz, the extraordinary wave surface lies within the ordinary wave surface fig (b)

For the negative uniaxial crystals, po > pg,. the velocity of the extraordinary ray varies as the radius vector of the
ellipsoid. It is least and equal to the velocity of the ordinary ray along the optic axis, but it is maximum at right angle to the
direction of the optic axis.
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For the positive uniaxial crystals, pg > o, the velocity of the extraordinary ray is least in a direction at right angle to the
optics axis. It is maximum and is equal to the velocity of the ordinary ray along the optic axis. Hence, from Huygen’s theory,
the wavefronts in uniaxial crystals are a sphere and an ellipsoid and there are two points where these two wavefronts touch each
other. The direction of the line joining these two points (where the sphere and ellipsoid touch each other) is the optic axis.

UNIAXTAL CRYSTALS

The crystals for which the velocities of the ordinary and the extraordinary rays are the same along a single optic axis,
are called the uniaxial crystals. For negative uniaxial crystals, u, > ug, for positive uniaxial crystals, pg > .

NICOL PRISM

A Nicol prism is made from calcite crystal. It was designed by William Nicol in 1820. A rhomb of calcite crystal about
three times as long as it is thick, is obtained by cleavage from the original crystal. The ends of the rhombohedron are ground
until they make an angle of 68° instead of 71 with the longitudinal edges. This piece is then cut into two along a plane
perpendicular both to the principal axis and to the new edge surfaces.

The two parts of the crystal are then cemented together with Canada balsam, whose refractive index lies between the
refractive indices of calcite for the o-ray and e-ray. po = 1.66, p. = 1.486 and pcanadabaisam = 1.55. The position of optic axis AB is
as shown in the figure. The refractive index for e-ray depends upon the direction in which e- ray is propagating in the crystal.

Linerly polarised
Un polarised light

light

Optic axis

Uses of Nicol prism

(1) It produces plane polarised light and functions as a polariser

(1) It can also be used to analyse the plane polarised light i.e used at an analyser.
Drawbacks of Nicol prism

(1) Its cost is very high due to scarity of large and flawless calcite crystals

(i1) Due to extraordinary ray passing obliquely through it, the emergent ray is always displaced a little to one side.
(ii1) The effective field of view is quite limited.

(iv) Light emerging out of it is not uniformly plane polarised.

Nicol Prism: Unpolarized light is made to fall on the crystal as shown in the figure at an angle of about 15°. The ray after
entering the crystal suffers double refraction and splits up into o-ray and e-ray.

NICOL PRISM AS POLARIZER AND ANALYSER

Nicol prism is widely used for the production and detection of linearly polarised light.

Dr. S. Snega Page 45



When two Nicol prisms P and A are placed adjacent to each other as shown in the figure, one of them acts as a
polarizer and other acts as an analyser.

If an unpolarized ray of light is incident on the Nicol prism P, a linearly polarized e-ray emerges from P with its
vibration direction lying in the principal section of P. The state of the polarization of the light emerging from polarizer P can be
examined with another polarizer A, called an analyser.

Let now this ray be incident on the second Nicol prism A, whose principal section is parallel to that of P. The vibration
direction of the ray will be in the principal section of A and hence it is transmitted unhindered through the analyser A.

If the Nicol prism A is gradually rotated, the intensity of the e-ray decreases in accordance with Malus law. When its
principal section becomes perpendicular to that of the Nicol prism P, the vibration of the ray, emerging form P and incident on
A, will be perpendicular to the principal section of A. In this position ray behaves as o-ray inside the prism A and is totally
internally reflected by the Canada balsam layer. Hence no light is transmitted by the prism A.

In this configuration, the two Nicol prisms P and A are said to be crossed. If the Nicol prism A is further rotated
through another 90°, the intensity of light emerging from A will go on increasing. The intensity will become maximum when its
principal section is again parallel to that of the prism P. Thus, the prism P produce linearly polarised light while the prism A
detects it. Hence, the prism P is called a polarizer and the prism A an analyser.

QUARTER AND HALF WAVE PLATE
Quarter wave plate

A quarter wave plate is a thin plate of birefringent crystal having the optic axis parallel to its refractive faces and its
thickness adjusted such that it introduces a quarter wave (A/4) path difference (or a phase difference of 90°) between the e-ray and

o-ray propagating through it. Iinear_ly _
Polarized light

Elliptically
Polarized liaht

\\/

‘When a plane polarized light wave is incident on a birefringent crystal having optic axis parallel to its refracting face,
the wave splits into e-wave and o-wave. The two waves travel along the same direction but with different velocities. As a result,
when they emerge from the rear face of the crystal, an optical path different would be developed between them. Thus, for a
quartz wave plate,

A

A
PN R
( M= Mu, - u,)

A quarter wave plate introduces between e-ray and o-ray a phase difference § is given by, 0= (Zﬂ / Z)A =T / 2=90°
Applications
(1) A quarter wave plate is used in producing elliptically or circularly polarized light.

(i1) It converts plane polarized light into elliptically or circularly polarized light depending upon the angle that the
incident light vector makes with optic axis of the quarter wave plate.

(iii) Circularly polarized light incident on a wave plate is converted into linearly polarized light.
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Half wave plate

A half wave plate is a thin plate of birefringent crystal having the optic axis parallel to its refractive faces and its
thickness adjusted such that it introduces a Aalf wave (A/2) path difference (or a phase difference of 180°) between the e-ray and o-
ray propagating through it.

When a plane polarized light wave is incident on a birefringent crystal having optic axis parallel to its refracting face,
the wave splits into e-wave and o-wave. The two waves travel along the same direction but with different velocities. As a result,
when they emerge from the rear face of the crystal, an optical path different would be developed between them.

A A
PN R P,
( H=3 2u, — )

A quarter wave plate introduces between e-ray and o-ray a phase difference & is given by, O = (27T / ﬂ)A =7 =180°

Rotation of the plane of polarization of linearly polarized light by a half wave plate

Half wave
plate

Linearly .
Polarized light Linearly

E
— M Polarized light
|
A\

Applications

A half wave plate rotates the plane of polarization of the incident plane polarized light through an angle 20. The half wave
plate can be used to invert the handedness of elliptical or circular polarized light, changing right to left and vice versa.

PRODUCTION OF LINEARLY POLARIZED LIGHT

A Polarizer is associated with a specific direction called the transmission axis of the polarizer. If natural light is incident
on a polarizer, only those vibrations that are parallel to the transmission axis are allowed through the polarizer whereas the
vibrations that are in perpendicular directions are totally blocked. Therefore, the transmitted light contains waves oscillating in
the same plane as illustrated in fig. Thus, the transmitted beam is linearly polarized.

Production of lincarly polarized light

DETECTION OF LINEARLY POLARIZED LIGHT

An analyzer is an optical element, which is used to identify the plane of vibration of plane polarized light. To examine
light coming from some direction either after emission or reflection etc, we use a Polaroid sheet. The Polaroid sheet used to
determine the plane of polarization of light is known as analyzer. There is no difference between a polarizer and analyzer in
fabrication but they differ in their roles. Both the polarizer and analyzer are characterized by a transmission axis.
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When the transmission axis of the analyzer A is set up parallel to that of polarizer P, light transmitted by the polarizer,
passes unhindered through the analyzer (Fig. a).

If the transmission axes are set at an angle q, light is partially transmitted (Fig. b). As the angle rotates from 0° to 90°,
the amount of light that is transmitted decreases. When the axes are perpendicular to each other, the polarized light from P is
extinguished by the analyzer A (Fig. ¢). The polarizer and analyzer are said to be crossed in this configuration.

PRODUCTION OF ELLIPTICALLY POLARIZED LIGHT

To produce elliptically polarized light, the two waves vibrating at right angles to each other having unequal amplitudes
should have a phase difference of 7t/2 or a path difference of A/4.

In this case, the vibrations of the plane polarized falling on the quarter wave plate should not make an angle 45° with
the optic axis.

PLANE
POLARIZED CIRCULARLY
POLARIZED
B A
S
Nl N2

DETECTION OF ELLIPTICALLY POLARIZED LIGHT
The light beam is allowed to pass through an analyser. If on rotating the analyzing polaroid sheet or Nicol, the

intensity of the emerging beam varies from a maximum to a minimum value, but is never zero, then the incident light is
elliptically polarized.

Optic axis ™
\\
x I
-0 / S (D)
- - I
EII|pt|paIIy Linearly
polarized i ~ I
e Pglarlzed result
oWP Liaht analyzer

A similar result would be obtained if the incident light is partially polarized. The two cases may be distinguished by
inserting a quarter wave plate in the path of light before it falls on the analyser.

If the original light is elliptically polarized, it may be considered as resultant of two coherent plane polarized waves that
is e-ray and o-ray, which are out of phase by 90°. If the light passes through the quarter wave plate, an additional phase
difference of 90° is introduced between the e-ray and o-ray. Therefore, the total phase difference becomes 180° between the e-
ray and o-ray. On emerging from the quarter wave plate is examined with an analyzer, light will be extinguished twice in one
full rotation of the polarizer as shown in fig.
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PRODUCTION OF CIRCULARLY POLARIZED LIGHT

To produce circularly polarized light, the two waves vibrating at right angles to each other having the same amplitude
and time period should have a phase transformation of /2 or a path difference of A/2.

A parallel beam of monochromatic light is allowed to fall on a nicol prism N1. The nicol prism N2 is placed at some
distances from N1 so that N1 and N2 are crossed.A quarter wave plate P is mounted on a tube A and rotated such that the
mark S is made to coincide with 45° mark on A. The polarized light is split up into two rectangular components (ordinary and
extraordinary) having equal amplitude and time period and on coming at of the quarter wave plate, the beam is circularly
polarized.

DETECTION OF CIRCULARLLY POLARIZED LIGHT

The light beam is allowed to pass through an analyser. If on rotating the analyzing polaroid sheet or Nicol, the
intensity of the emerging uniform, then the incident light is circularly polarized. A similar result would be obtained if the
incident light is ordinary unpolarized light. The two cases may be distinguished by inserting a quarter wave plates in the path of
light before it falls on the analyser. If the given light is circularly polarized, it may be considered as resultant of two coherent
plane polarized waves that is e-ray and o-ray, which are out of phase by 90°. If the light passes through the quarter wave plate,
an additional phase difference of 90° is introduced between the e-ray and o-ray. Therefore, the total phase difference becomes
180° between the e-ray and o-ray. On emerging from the quarter wave plate, the e- and o- rays combine to produce plane
polarized light. Therefore, if the light coming out of quarter wave plate is examined with an analyzer, light will be extinguished
twice in one full rotation of the polarizer as shown in fig .

Optic axis N
P Linearly \\
Circularly ™ T I
S > oD
Polarized l I
light N Polarized ™|
Light ~ result
QWP analyzer

ANALYSIS OF PLANE, CIRCULARLY AND ELLIPTICALLY POLARIZED LIGHT
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OPTICAL ACTIVITY

When a beam of plane polarized light propagates through a quartz crystal along the optic axis, the plane of polarization
steadily turns about the direction of the beam, as shown in fig .

The ability to rotate the plane of polarization of the plane polarized light by certain substances is called optical activity.

/ 1 --OPHC AXIS
/

polarizer Tube containing
- sample

o J %
== VY (=
. K

e

J i Plane of
Unpolarized W s
light Plane of Pf) arize
Polarized light Light

Substances, which have the ability to rotate the plane of the polarized light passing through them, are called optically
active substances.

Examples of optically active crystals: Quartz and cinnabar.

Examples of optically active solutions: Solutions of sugar, tartaric acid.

Optically active substances are classified into two types.

) Dextrorotatory substances: substances which rotate the plane of polarization of the light towards the 7ight are
known as right-handed or dextrorotatory.
(ii) Laevorotatory substances: Substances which rotate the plane of polarization of the light towards the /leff are

known as left-handed or laevorotatory.

SPECIFIC ROTATION:

The specific rotation is defined as the rotation produced by a decimeter (10 cm) long column of the liquid containing 1
gram of the active substance in one cc of the solution. Therefore,

g 109
£ C
1
where S , represents the specific rotation at temperature °C for a wavelength 2, 0 is the angle of rotation, / is the length of the

solution in cm through which the plane polarized light passes and C is the concentration of the active substance in g/cc in the
solution.

The angle through which the plane of polarization is rotated by the optically active substance is determined with the
help of a polarimeter.
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LAURENT’S HALF SHADE POLARIMETER

A polarimeter is an instrument used to find the optical rotation of solutions.

Construction:
L N HSP G N S T

1 2
o YT S A 44400 INW
AL 4 Iid —
A polarimeter consists of a glass tube for holding the solution under test held between crossed Nicol prisms, N; and N>
(Fig . a).

G is a glass tube which contains the optically active solution. Light from a monochromatic source is rendered parallel
by the lens L and is incident on the polarizer, N

Working
A
...
Q P
. T
cf D
\ 2 0
\ Quartz | Glass
R
\(»_B
> C
Fig. (b) Fig ()

To find the specific rotation of a solution, the analyser is first adjusted such that the field of view is completely dark.

e Then the glass tube is filled with the solution and is held in position. The field of view becomes illuminated.

e The field of view can be again be made dark by rotating the analyser through certain angle which gives the optical
rotation of the solution.

e The practical difficulty in this method is in determination of the exact position for which complete darkness is
achieved. This difficulty is overcome by using what is known as a Laurent’s half-shade device(figb).

e It consists of semicircular half wave plate ACB of quartz cemented to a semicircular plate ADB of glass.

e The optic axis of the wave plate is parallel to the line of separation AB. The half wave plate introduces a phase
difference of 180° between e-ray and o-ray passing through it.

e The thickness of the glass plate is such that it transmits the same amount of light as done by the quartz half wave plate.
One half of the light passes through the quartz plate ACB and the other half through the glass plate ADB.

e The light after passing through the polarizer is incident normally on the half shade plate and has vibration along OP.
On passing through the glass, half the vibrations will remain along OP but on passing through the quartz, the
vibrations will split into e- and o-rays. The o-vibrations are along OD and e- [ |vibrations are along OA. The half wave
plate introduces a phase difference of rad between the two vibrations. The vibrations of o-ray will occur along OC
instead of OD on emerging from the plate. Therefore, the resultant vibration will be along OQ whereas the vibrations
of the beam emerging from glass plate will be along OP.

e In effect, the half wave plate turns the plane of polarization of the incident light through an angle 26.

e If the principal plane of the Nicol N; is aligned parallel to OP, the plane polarized light emerging from the glass tube
will pass through the glass plate of the half shade plate and that part appears brighter. On the other hand light coming
out of the quartz plate is partially obstructed and corresponding field of view appears less bright.

e If the principal plane of N, is aligned parallel to OQ the quartz half will appear brighter than the glass half. Thus, the
two halves of the plate are unequally illuminated.

e  When the principal plane of N is parallel to AB, the two halves appear equally bright and it is parallel to CD, the two
halves appear equally dark.

e To find the specific rotation of a solution, the analyser is first set in the position for equal darkness without solution in
the tube G. The reading on circular scale is noted.
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o Next, the tube is filled with optically active solution of known concentration. The field of view is now partially
illuminated. The analyser is rotated till the field of view becomes equally dark. The reading on circular scale is noted
again. The difference between the two scale readings gives the angle of rotation of the plane of polarization caused by
the solution. Knowing the values of 6, 1 and c, the specific rotation is obtained using the following formula

t 0 rotation in degrees
[S ]/1 = =
I

- - - g
X C length in dectmetresxconc.mc.cl.

e In actual experiment, different concentrations of solution are taken and the corresponding angles of rotation are
determined. A graph is plotted between concentration C and the angle of rotation 6. The graph is a straight line (fig. ).

Model Questions

What is polarization?

What is meant by plane polarized light?

Define the terms plane of vibration and plane of polarization.

State Brewster’s law.

Distinguish between polarized and un-polarized light.

What is polarizer?

What is analyzer?

Write a note on Law of Malus.

What is double refraction?
. What is an optic axis?
. What are uniaxial crystals?
. What are negative and positive uniaxial crystals? Give examples.
. What is a quarter wave plate?
. What is a half wave plate?
. Write an application of quarter wave plate.
. Write any two applications of half wave plate.
Define optical activity.
. What are dextrorotatory substances?
. What are laevorotatory substances?
. Define specific rotation.
. Describe the construction of a Nicol prism.
. Explain the production of (i) linearly (ii) Circularly and (iii) elliptically polarized light
. Describe the detection of Elliptically polarized light and Circularly polarized light
. What is quarter- wave plate? Deduce its thickness for a given wave length in terms of its refractive indices.
. What is half- wave plate? Deduce its thickness for a given wave length in terms of its refractive indices.
. What do you understand by double refraction? Explain Huygen’s theory of double refraction in a uniaxial crystal.
. Describe the construction and working of Nicol prism and show how it can be used as a polarizer or as an analyser.
. Give the construction and theory of (i) quarter-wave plate and (ii) half-wave plate.
. Explain the construction and working of Laurent’s half shade polarimeter.
. Discuss the production and detection of plane, circularly and elliptically polarized light.
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