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Chapter /O

Wave Optics

L{ghf‘ IS a wave (Huyﬂens l67d Vouny 150/) 2
ray op‘hfé.s' s iny the short - wauelenﬂf’h lirmit.

Why a wave theory 7

Ray optics treats light as straight rays.

Lt cannot explain

iy, interference (alf'ernaf'e br{ghf’ / darx)
(i) diffaction ( bend{nﬁ around obstacles)

Giir) polarisation (tra nsverse na f'uré)

rays

wid ue{—}o nts

F{y. rays are perpendicular to wavetromts.

Topics ahead

Huyjen.s 2 YDSE ; diffaction ; polarisation,
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Wavefront

A wavetront is a surface (locus) on which all
points oscllate in the same phase.

L{ghf‘ travels perpendicular to the wavetront.

Types of wavefront
(/) Spherical ; from a ForE point source.

radivs 3row5 with time 4 e prn T Sy o

(2) Cyh'ndn'cal G from a line Source
(e.y. a st illominated by /amp).

(3) Plane- : Far away From any small source

(5pherf'cal of huﬂe r looks Hat Iocaﬁy).

spherical cy.’:’nd’_n’caf plane

F{?. spherical cy!mcfn'(a! , plane wavetronts

Eneryy Fows in direction of ray = normal.
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Hu:{qens" Principle

Statement

0, Euery poinf' on Qa waue#ronf' acts as a

Source of _s'econdary spherical wavelets.
Gir) The wavelets travel forward with speed V.
(m‘? After time + , the nrew wavetront is the

forward fanﬁenf‘ (enue!ope)' to all

these sécondary wavelets.

> (VR
*
: S : : =
1 (modern ¢ zero amp.). }
= are f'gnoreo'
: Backward wavelets .
! atter time t. et
SN F2 ; new wavetront
: ' o - L S NESSES
* =/ ; or.:'?r'na!
F/ F2 ' i

Use = derive laws of reﬁecﬁ'on f

_r_eﬁfqd'ibn g and explain diffraction.

: Lt}-m?'qhb_n i backward wavelets reeded Fresmel Fix.
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Retraction by Hu:/qens' Princple

Plare wave AB hits a plane svrface PP ;

wave speed :  w/ in medivm /| v2 in mediom 2.

™

Pe et AE = v2 t (where € , E = +oot)

o /
From r{ghf’ f‘rthnyfes
e r = BC/AC i sin £ = AEJAC

<- Sne”‘.\‘ law

Sin / Sin r = v/ / g2t = nl / ’L/ <-derived 7

Frez.uency stays same ; Ve Kol eghe Jowlk

Do st oiediom -7 smalkr speed -, smaller lambda.
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| ReHection by Hu:/qens' Principle

Plane wave A3 hits a plane mirror /;

wave .s‘peed same on both sides o)

0

7 AT e

BC = v F in medivm / 5 AE = v + reflected.

Trmnjles ABC and AEC are congruent (5557

anﬁle / el anﬁ[g r <-law of refection

Also > incident ray normal reflected ray
all lie in one plare @e:)mef'ry of f'n'any!es).‘

Wave H'aeon/ recovers ray laws 2 consistent ¥
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_ : | Doppler Effect +for Lith

When source and observer move relative to
%

. each other , the observed @-ezuency chanyes.

Mon - relativistic case (v << ¢)

i du' / v = “U__,fadlhl / C <- fractional
. s C-(hanje

v__radial . ¢ component of source ueloc'o'fy a!ony

line of sighf' ;  positive A mow'ny away.

Observations

(/) . Source r‘ecedfny -7 A increases
called  RED SHIFT.

(2)  Source approaching -7 A decreases

e called BLUE SHIFT.

Applications

L8 Galaxies' =7 red shifF o> oniverse expands.
(i) Speed of stars From spectral line shitts.
(i) Radar speed 9guns , Doppler weather radar.

. |

B e - o=, 0 inferred FromNA)A

Exact relativistic form needs special relativity.

| - o
y
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Coherent Sources

Two Sources are coherent i+ f‘hey emit waves

with a constant phase difference in  time.

Conditions +or sustained interference

@ Sovurces musSt be coherent (consf'anf'

phase difference).
@ Same Prezuency iy Same wauelenﬁfh.

@ Ezuaf (or nearly ezual) amplitudes

so darx prf'nﬂes are f'rufy dar«.

@ Same  state of polarisation.

@ Sovurces close enouyh (small d).

Lncoherent =  pno fixed phase relation

Two ordinar«/ bulbs -7

random phase -7 no  pattern.

. Lntensities Just addl : L

y

Ll T2,

Practical trick

Use ONVE  source split into two by slits

/ mirror /

biprism. Both davghter sources stay loked in phase.
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Superposition Principle

At a point reached by two waves , the total
displacement (s the vector sum of individual

displacements (linear superposition).

y/za_co:wf'

v2 = a ws (w t + (7

Fesultant

y = 7// -+ 7/2 =2 ens ((D/Z) oS (vv s (D/Z)

Amplitode R = 2 a cos (phi / 2)

Inte nsity T, e

L e 9 F 0 sz 2 ( ph 2] SF0 E sk

<- shit f'nf'ensﬁ'.\/

Special cases

g = O 2 T, TRl -2 T e = 9B
e = [ 3 -7 &

Path difference & phase dffﬁrence
1T/ A Ax

Enerﬁy s not desf'royed -7  redistributed.
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Young's Double Slit Experiment

% Setup
g |‘ Monochromatic source S -7 narrow shit SO
| -7 fwo close shts» S/ ~5°S2 { separation d)

; .' ->  screen at distance D From the -slits.

SO S2

| ; Screen

| ;{9, Vounﬁ*x double - shit arrangement

.

| Path diFerence
= .Lfghf' from S/ and S2 reaches P with
~ path difference delta . = S o - Stk

Scanned with CamScanner




Date : Page : /@I 00

WSE : Path DiHerence

Let 0 be the foot of perpendicular +rom

the shts . P on screen at distance Y from O.
& P 2 =02k Gy dil)

S P2 =20 2 LGt did) e

Subtract

$2 P oK) P 0 s dy

(s2 P & 5/ Pis2 B -i5) &) = 2 v o
Eoridi i 2D IS bnth (5
S22 P a4 Xjvl =i, 2.0

S0

ANz SR SR s e

Ezuﬁ/alenf' anﬂular form
I\ = d sin @

b

d © (small angle)

where theta = Y i Is the anyular

position ofF F From central axis.

Phase difference 2 (D =o(2 T/l e

All inferference results follow +Erom this.
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WSE - Bright & Darx Fringes

Constructive -7 Bright
Waves arrive in phase i+ path  difference

s an inf‘eyer multiple of  lambda.

A

fl

bl
o

N A ! » v ok ,ch’ff’.}’f

Position of n - th br{ghf’ ﬁrfnye
v = YA o

Destructive -2  Darx

Waues arrive out of phase (pf' rad) £
p.af'h di'»crerence i< RalF s l:nf'eﬁer of lambda.

AN\

Y|

Cmiii bl i <-darx

Position of n - th dar« @':Znﬁe
= aigla K B

Central ﬁﬂhqe

A0

n wht'fe«l(ghf‘ ﬁnhyes i coloured edﬂes on sides).
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F rl]nge Width

Fringe width beta = spacing between two

consecutive br{ghf‘ (or fwo dar«) a?rfbyes.

From o =n lambda D / d and

yArt1) = (nts) Aampda D /. d :

7 sl 5

/< D / d 4-1'5}ah§e width

<= (br{?hf‘ =

Observations

@ beta proporh'bnal fo lambda

red B blue = red '-pn}qyes. w{der.

~

@ beta proportional to D 7 inverse to d.

@ Br{‘ghf and dark widths are ezual.

V4 -axis on Screen

11 T 1

ERMD RSB D IR DL B DB Dt

Typical lab : lambda $90nm , D /m -
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Inf'ensﬁy Distriovtion in MDSE

If both siits send wave of amplitude  a

individual inf‘en.ﬂ'fy £ 0 a 2.

Resultant amp/t')"ude K. = 9 -5 cne ((D/Z)
fesultant fnf‘ensffy =S .]":O cos’ ((D/Z)

u

Maxima | _minima average

o (v LR e e PR
&£ =0 EanRi RO T
L = ek ( energy conserved)

I

SL_.O

hi
-2pi -1 (o] P 2pi P

F{g. infensity vs ‘phase diffirence

B atio I_rax : I__min

| For unegual amps :  (a/+a2) 2 :  (as-a2) 2.
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Worked Example Frabge W:'dfh._

Problem .
In a YDSE ’ d = 0.2F mm ,.D =)
distance between Sth br{ghf pﬂ'nﬁes on either

side of centre = /.2 c<m. Find lambda.

Solution
Distance between 9th order on both sides = ¥ befa.

So ¥k =i l2 e o7 k=G4S
b= AD /g
fid /D

(0.4 x 1O - 2) {02 % /O =8 i
2.0 i) -7 m = 300 »rm

Hrmm ;, 308 nm is near W i W vltraviolet.

.S'am'iy check

e
units it m . m / ™” m”m ’R? OKI.

IFf we instead vsed $th -7 <th ( 10 beta = 12 cna)

—

I

we'd ﬁef beta = O./2 ¢m ; lambda = 290 nrm.

read 'either side' care-pui!y.
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DifFraction at a Single Shit

\ Bendfny of I{ghf’ around edﬁes 2 visible only

|_
- when shit width a is comparable to lambda.

plane wave
-

] |||

et

_ central

Screen

o

F-_g. central br{ghf Ak e g side pands

Geomehi

St of width a  ; path difference between

extreme rays = a sin theta.

Divide slit into 2 halves , pair points at

5pau'n‘9 al/2 cance.-"h'nﬁ pm}—m‘se ja‘ues minima.

-~
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Single Slit __:  Minima & Maxima

Condition +or minima

Path difF op halves cancels in pairs when
asfn@r'_n/(,nz-f-/,-f-z,

a sin O = A L <-DARK at theta

Loy e loded (a2 O 27 central maxd

Condition for secondaws maxima

Gl O s 2

These are much Lainter than the: central max ;

intensities approx Vi bk //6/

Central maximum width

Between Hrst minima on either side

. e e

D a J < -central max
2 /< / c-= 2 x side max

y!

Width

Width yro‘us F a shrinks ; br{ﬂhf reﬂr'on

Soeads more -7  more difFraction.
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 Interference  vs  Diffaction

& F raperfy' Interference DifFaction

_{ 0 Sources : 2 coherent 22 _ _ Sa._v-r_:e waveﬁrqnf' B

e | Fringe sp. uniform beta decreasing

=T ‘ :
[ Intensity sall br{ghf eg central biggest
l =
|

4 i Width NArrow central = 2x
‘ _M’n 35 exacHy Zero not zZero E
| Pattern BIDIB /D s central + bands _
| i

Common +eature : |
U iBath  arice. Brom SUPERPOSEITION of waves ;

energy s redistributed , mot lost. 3

- Ray vs wave validity |
| Ray optics works while lambda <<  obstacl. o

b il diskarce. Sz F = A2 /) lambda :

beyond 2. ., S btam spreads (Fravnhoter)

e

beporg s i beam still ray - like

Example : a = 9 mm lambda = £00 nri e S

B = (Fe-3) 2/ $e-7 = 32 on e
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. Worked Example - Single Slit

' Problem
Light oL seds = 600 rm passes through a shit
B width 012 rirn, " The Sireer a5 ) away .
Eind 2 (o) width' of central max
(b) distance to 2nd dar -prfnﬁe.

Solvtion (a) .
Idth = 209 LD ) g
2 (600 % 10 901 ) (o2 % 100 B8

Vo iy T A R Sl S e YA RS

|

fl

y!

Solvtion ()

2nd  minimum . a sin theta = 2 lambda

7/2 Cmiill 7 /< D / Qa
S e DD e IO AN D D e D aR)

2000 s S Sy | ) -2 m = /0 mm

Comment

Central maximum IS br{yhf‘ over /0 mm ;

First minimum Sits at £ mm ) second at /O mm.
]
units checK 5 m . m / m = m > ox
. Compare with double slit : beta would be S,
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Resolving Power

-

Two close okjects diffract through any aperturg
and Fform overlapping Airy patterns.

ﬁayle{gh criterion o central max of one

:}naye Falls on First minimom of the other.

Telescope :

Smallest angle two stars subtend so they are
g i

still resolved

bl

A@ T2 e /< / D <-D = aperture

<-diameter

Microscope

Smallest separation between two object points

ANd

Y

/.22 /< / ( 2 n Sin g ) T

<- numerical ap.

Improw}lq rP.

() Lafyer aperture D -7  smaller delta-theta.
Gir) Shorter lambda (UV / electron) -7 £iner detail.
Giii) thher refractive index oil (ofl immersion).

Electron microscope Sl P waue,’enﬁf‘hs ¥ ‘
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Polarisation

L{'ghf' s a TRANVSVERSE EM wave ; E and B

vibrate perpendicular to direction of travel.

|
|i NMatural I{ghf . E uvibrates in all directions
|

|' perpendt'cular fo propaya'hbn -7 unpolarised.

= . unpolarised plane polarised

- — -

| #1‘9. cross - section seen .-'om(:]ny an"Dnj ray

 Linear (plane) polarised

|
|
|
|

E vibrates in Only one Fixed plane (plane ot

polarisation).  Sound |, being longitudinal |’
A
. <annot be polarised -> proves l{ghf' s transverse.

|
[
|

Methods

(7 polariser (2) reflection 7 (3) S(aﬂ'enlnﬂ.
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Polariser & Malus' Law

A FPOLAROID transmits E - vuvibrations only alqny

gy PAaAsSS axis 2 blocks the perpendfcular part.

-

Unpolarised light -2 polaroid -7  plane
polarised  with fnf’en.sffy SR 23 0

polansek _O analyser L = I_0 <os 2 theta

S

2

)
)
&)

2 !
< - /U, w
5 €OS @ ) 1 alus' la

Special cases

theta = O iy £

&
)

-

(axes parallel)

g = 90 .> T = p (axes crossed)

f\"of'af'e analyser - :‘nfensffy varies as cosz.

Aueraﬁe over 3260 cfey & < = VHE D e
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| ~ Polarisation by eFlection

When unpolarised light s reHected From a
transparent surface s the reflected Ighf' s
,partially polarised in ﬂeneral.

At one speual anﬁ!e- i B (BREWSTER's anyle)
the reflected ray s FULLY polan'.sed.

unpol
7 o B 74 s 7 7
f"—pﬁ at i = B resc:‘[-:c ted perpgnd{(u.’ar to refracted
: ; — " <-Brewster's law
tan 1 g = n

Blso % 7= B + r = 90 deﬂ. For ﬂiass B =7 d'ey.
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Worked Example - Brewster

Problem

Unpolarfsed I{th‘ _t'_s' incadent on water (n =
Find Brewster's any!e and the correspondthﬂ
anyle of refraction.

Solution

tan (. = n = /.38
is = tan =/ ().33)
‘.13 = £ 206 dey

USJ‘nj B + r = 90 cfeﬂ
i 02 e 206 = %697 deﬁ

Cross - chee wvia Snrell

Sin t'g / Sin r = ”n
Sin 20050 i HR6.99
= 0,710 i/ 060/0 ‘

= /.329 2 i he )

| Quiek  facts

| Glass (nh=/.5) R L Se% cfeﬂ
Water (n=/.33) : * B £/ dey
Diamond (h=2.9) - i3 7.9 dey

'
\

Polaroid Sunyfasses cut horizontal \gfare %
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| Polarisation by Scattering

Sunl{ghf' scattered by air molecules at 90 dEj

to the incdent direction is plare polarised.

@Ob Server

I

~O
iy
~
a
>
i,

F.?. scattered light at 90 deﬁ is plane - polarised

Why 7 _
— An electron in air molecule _oSc:’Ilaf'es parallef

to E of fncomfnﬁ I{th‘. ST S S radiates only

f perpendicu!ar to its motion ; o hence at-- 70 deﬁ

the. scattered light has only one E direction.
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Polarisation Uses

Polaroid su r?qla s$Ses

feflected ylare ofF roads / water is mostly
hon'zo:af'ally polari_sed ieP vertical pass axis

in lens blocks t.

LCD displays

Two crossed polarisers with a twisted nematic

liguid crystal sandwich  ;  voltage controls

alignment -7  each pixel Switches dark / bright.

Photoela sticty

Strain in transparent plasfj:‘c'.s -7 btreprmﬂenf' ;

shows coloured ic'inyes between crossed polars.

Optical activity

ome Substrances svugar var 2. rotafte e
Ly t ( gar , gquart ) rotate th
plane of polarisation. Used in polarimeter to

mMeasure .s‘uyar concentration.

Sy colour & polarisation

ﬁayleigh scaﬁ'enhy = T /o] Aambda
Blue Scatters rmore -7 blue Sb(y.
Sunset : lony path =7 blue gonre -7

Sy polarisation max at 70 deg from sun.
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Wave Optics -  Summary

Wavefront & Huygens
Wavetront .‘ surface of constant phase.

Euery point -7 Secondary wauvelet -7 envelope.

Snell & ReRection ‘
Sin 1 / Sin r = v/ / v2 = nl / n/

anyle / = anyle r (irror)

WDSE 5
A = d sin O = iy d)=D

br{?hf‘ .’ A = nk e dark % (n*f‘//Z)/\

= AD/Jd ; -9 05 2@

Single slit
minima > a Sl;n 6 = n A

central max width =2 LD / a

Resolving power

belescope. ¢ B = 22 A/D
microscope N =22 AR i g)
 Polarisation
Malus 2 R SRR | cos’ e ; Brewster r tan o'_____B

Transverse < !ighf' can be por‘ar{sgd ; sound cannof-.
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