10. Wave Optics

Wavejmnt A wavefront U o&b«'hﬂ.d as Hae Covih-
nu,ouA.Locu); ok those particles of ‘a medium, which
At vtbrod,(vv\ar N the same phone.

() Spherical Wavefront -

wWhen +Hhe Sounce of U 4 a pomit Souite

the wavefront 1 a Sphtxe L centre o Hhe Sourte
i) Cylindrical Wave front -

| Whon  Hae Source of U34r¢ iy Lirwon (a slit).

Han ald the pomds  egquichutant f‘ren-n Hre Sowrcle

durical .
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Gii) Plane Wavefront -

whan  Hae poml Sounce oy Lineas. Souwrce of
L Ay od v lsu-.ﬂe. Adutomee , a smal) jon ©
.Sg:rv‘jca’ or Cgl?ﬂal%ic.aj Lwave fro:'d‘ Cuppeons ﬁe qur-f
such a wavcfron)‘ Ad C,auu.Lo‘ G Pla'ne wave,fvonj'-

¥ Tf we <lraw a sef of ShojaLJ Lins which are
PU'—PQ“OUUAJ.M Fo Hae buave_fm-nj* Han Hane, Jires L
Called the Yoy of Light-
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Huygen's Principle

The Huuaewrs p/d-ndp\e_ Aells Hne way n which
Hae Nave,fr:ﬁ A P’rbfo'-aﬂftd fwdthun. h a 'm-e.d:um

(1) Everny point o the given  wavefront ( Colled
Pﬂu‘mw& wavefron#) acks a» a fresh sounce oy New
isturbance , Called Sea)ﬂda}u:’ wavelets, wohich travel
1N czM duvections coith tHhe vejod{j 0-15 Ligl«j' ' Hhe
medium .

(1) A Sw\face touching these .Secocmda-y unvele}s,’targent
“Liau{j m Hae fo-rwa/u:l divecHon of omy matont 37\\!65
the new wavefront at that imstant. Thia 4w called
secondary  (ave front,
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Reflection on Hhe basis of Wave Theory -

_ T the Siven (ﬁ'a*wm« A A a plane lmve:{w.rd'
maidernd on a 8‘;>|‘=’m.¢_ Yoy MMa. o LBAA = L1

1,2,3 an the Covvespondivg incidant vays ,which
e perpendicular Jo As.

M1 A P A M2

Accoroling 1o Huygens principle  every point on
AR 1 Q Sowzcge of SeCzrno'o.hle WONEJCJS, L.i‘;'ﬁﬂu. .Semda'!j
wavelets fom @ strike MM, af A in t seands.

BA - Cx+t Faaermn @

The Secondary waveds from A Wil travel +he
Same olatence Cxt In the Same Hime. These fore., with

A ar centve and Cxt ast vdik , draw an arc, So
hat -

AB' = Ccxt S,

Fromn A draw 2 chngerd’ plane Ae touchim
the spherical anc tangendially o B'. Thuwfove A'e

A tHhe Sec,ovndo«fﬁ que,jﬁ'bni' o.b#u_ t Setonds - Thaa
would advance i Hae divechon of

o :313 1,2 and 2,
tolhuch oxe the Covresponding  vefleck vpendi—
adon. fo Am. i g e

Hence amye of inadunee L = / BAA'

and cmg)e, oj— Te.ﬁeCHon Yy = L®A'A



In A AAR and AAA'B’,

AAR' L Common , BA = AR = Cxt
ond LB = 4B = 20
A ARB an A AARE ase Covgruent.
LaAr = LA Le. Ly = L

Which Jo +he Fest lawo of veHechon,

Fudher  the madmt wavefront Ap, the  veflecting
Sweface MMy omd +he veflected wavefrord AR arc
all Peq)moucul% F0 Hre plana of the papes.

imactent To.:j , novmad Jdo  Hhwe mivroy
MiM2 and reflected Al le in the P'qmobﬂu
paper. This 14 Aecom daw ok Ycﬁecﬁbn.

Refraction on the basis of Wave Theory -

Ik Vv, A2 vdocj"j ok
Li N Yorer medium
and Vi aa veJocH-j of
L«'a«N' i densexr medium
Hae

ax M,:%— and M,= —%—
l 2

or | M| —0

Herne AR 4A G P\am quafrmd‘ ncelunt on
XY ot L raR = Li . L1, 2, end 2 are Hae CoOvrea-

ponclin} Inadunt Ymdé novmed Jo AR

Fccoraling 4o Huwyaens prinaple, every poimd
oNn AR UA A asom“é?— secofwa}qmd wavezl;:l?-s.



Loty e _secono!ou-ﬁ waveltks frem B strike Xy at
A i t seconds-

A = V,xt —®
The sec,o'no\ah}é WQVQ’LM'S :from A tyavel v H
densth medium Wity o velocity Va and woulod
Coven a distance (Voxt) n t seconds, ve

With A os Cervire and vadius equed o ( Vaxt)
dvamw Gn amc B .

oo A‘: drarms a 'f:omaerd'— plane -L'oucl«lng He
SPWMLOJ el -Eomaewﬁ at B. M‘Svﬂ AR A
Haz scamdo\rva, que/gvvrd' afi’% t sec. TRia would
odvante M Hhe duvechom of 1,2 and 3 ,which
e Hhe Covvesponcling  refracted “rows , pevpendiadas
to A

Lot ¢ be tae cmaie_ of rvefracton. As omale of
refrachon L equad do the ang/\e‘. which the Tefrmcted
plane quefvord' Ar makes with +he 7re\frnc;|’in8.
Surfa AR, Huwwjee L AR = LY

. |
Tn [_\.AH‘E>, SinL = .?:ﬂ,. - _Vixt
_ AR AR!
Fn A A:\'B‘, S\ny = AR - VaXt
AR AR
Sint v [
. c =L = b ;
Sint Al — n
S;T\f - -M_l Or M| 21 L = Mzsthf

which Pyoves Snc,nls Law of Yequd-ion-




Behaviour of Prism towares Plane Wavefront -

Dig ount pasts oy the wavefront travel differert
Haxckone s NS 'PTism, moaximum ot Hae bottom
anad ™Minimum ot dao :\'OP-

As Spczd ob 'UZH W matesiad ob Prism A
A Haan the Speec\ of 1434\;\' M edr | Hrere fore.
eme;._a,mg_ Plane, Waveﬁbrd' B CL Wherne -

KA + AL = R?cC
Spees| of lia/td' n aiy Speed of UJM N Prism
|3 L
-y B i P
-y B T
Tt W& cleow t‘nmn +Hre j‘-a‘am +Hhod on qus'ma
Havou

8,\4 oy Pﬁsm, Haz YOS bend towonds Hae
boue. O\f‘ Hne PAJ.Sm.

Behaviour of a Lens towaves Pleme Wave front

.
E >
P \‘\
w— — ——‘-’*--.
T d

As L«a’l/\k travels slowern M lons matemal Han
N ouy, Harefove  vefvacted wavefrond 44 Converging
sphadical wavefrondt AR B. Hence om Pass'ma Hough
a Comvex Llera | +he pPoaaddel vous tend fo converge




Behaviour of a Spherical Mivror towenels Plane
wWave j'rw\f

Whan o plane wavefrond A 42 mcident
e a Concave mmIYYoY (iHha pole o P. The centre
of Hhre wavef'l’brv*‘ hoaA Fo travel Hhe | t datance
o P bejore X geks vepleckec], omd the peripheral
POA:HOY\ oxb wave front hot Fo tyevel +he smallat

ldtemee  before 3,2%7\8 ve {ected.

the Tefleckes wavefrent 4 Cenvergin
SPNJv.'JcoJ wavefiond A’ P' 313




Whan, monochyomadic X4 madunt on a
cosE

& surfae sepancding Awo meslia , why cloes Hhe

vyefacted Ju have the Soame ffequm asr that
oj—f“!:\e. Tﬂcjm J\:ar!'d' ? -
_&j—l Tha trﬁﬂl&zh : an EM wave d&PQﬂds ,
on Hhe Souxce M\« produces 4. The ﬁrequ::lg
4 incepencent of Hae medium  throw

whuch
tyavelsy hence 1t does not Ckcmge due 10 medium.

Bud the Speed and wa =lepends en
Haee mediaum ‘Hﬂmug)w Hhe wave” tyavels.

@ Whon o J.ia&d— wave trvavels firom a yor o
cest o enen meduum,; Hhe s ecveases . Doer

20t~y i"“PJ':l veduction n Jis Snergy ? exF\a:.n.
Sol: No, the e Cosvaued by +he wove doea

end on XS SPQQQ\- Tratead o ol:.fxnds
on the amplitude of wave.

@ n the follow'ma ';P,taure., a  wave foond is :;au;n%

eNn Ahe bou'ndq'n_.’ of two mediums . Find +he
Ye fracted wavefrordt amen

/ g the Given ophions,
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Cohevent Sources

The Sowwcer of ﬂa»bd', which emit conHinuous
/UZ’M" waves of the same wavelingh, , same frequncy
and n Same phone oY V\O\v'\ha. a Corwtant phoue

oujju:mu arne Called Cohthent sources,

* Two §nd.q>mdud‘ sowues of Ual«t cannot be Cohexant -
Twa A becaure ba*!/\r A emitted feom dividush
adoms ., When ¥etwon to Ground stode afden
be; exCited b& - Evenn t~e smadlut sourte
o (E Cordedma billions omdl billions of such odma
which obviowdly cannot emit L'@H siaved 1n Hae Same
Phase. .

Hence fwo Fnd.upeholu\;!‘ souskles ofy M whose lgh*
waves olo not possess a Cornttond PN?:# ol ffeunce
ok Colled nem - Colerond Sounces.

Two imoependent sounces of Light Can not be Coherend
due 1o the following veasons —

(1) Even a tinieat souwrce comnlsts of millions of
ajoms omd emissiom of Jight by Ham takes Pl
imolependandly.

(W) TRe willions o} edomA of a Source Comnot emit
waves 1M the Seeme phase .

(i) y 4 emitted by nclividued edoma cmd Mot
by bulk of maktex ad"nna s a whole .

Covrnt Soustes ob “W cor be obtained bg_
d,vxi\n‘“ng, Fwo Sowwes from a sowrte by -

('1) Division cb Nowcj'vrd'

(7 ) Division of amplit ucle



.Sufupos'u-liov\ Principle -

Acc_orcﬁn& to superposititm  pPrmcple , wdhen
two oy more waver dyagvelling +hvou a mezdium
supesimpose 0N othen, & Nnew ewave A4 formed
N which veswdant displacement (¥7) ot any instont
A Qqu.a) Jo the vecior Sum of +he cliablacements
Adur o induvidual Wwaves (-977\._3;,-—') at that instont

Inferfevence of Light-

It v.,{ge)wnu, Ob' L‘l .;.A‘ +Hre Phcnonmhq c‘b
veclutvibution of iiglxx‘i' Z‘ﬁ.&\& o a medium  on
actcount of swpe/q)osttim of bawr woavel tvom 4o
Coherendt SounttA-

* At a ponf, whie the vesnldomt intensity of Light
A4 qui*mum, mferfenince 13 said Ao be Conatyuchve.
* At Hepoinks whent the Auulfant intensity of Light
M mnmum | Hae indfedeunc U said 4o be destruchve.




Necessmj Cencutions o intesference.

(L) Roth sounces of lia‘bd* Showlol be Coherent (Hhe
woaws  emtred by dhem should have a Constant
phase  ouffetence anol  Sevne. fr‘equnod)

('li) PBatin Sounces Khouwld be mOnochqui-i'¢(4—Nd
Should have esuold ﬁcqmcj ov que,u.na,q-h)

%ﬁiﬁs )

(v) The ,l;a»\} wawes emrtred Should pre:ferablj
be of the Same ampltude, se +Hhod Hre dank

V) Towo M Sowned muast be wry Close 4o each
other . T it «A not so, then +he pathh lifference
betwean he Lght wanes veaching a poxticulosn pord
will be very lange -

> The Fwo )ant Sourceg showld be verwy narw.
A byoad Sowrce of /UW A €qufv&lu¢-7"oa\lw'.8<.
number of pomt Sowrces 15""3 together. -

(Vi) RBoth wawet showd ke i Same State of polavisation
iy twa s not then weng tni foem tluminadion -




Young's clouble slit experiment

 Tn thia expovmuant 3 L a nawow shit (of
widdh obout L wmm) llumineded b% a Mono chromahic
Sowe of LW. At a Suitable. olatamce (about 10m)
t-mms,mo.mmymmts A ord B oxbond
o' mm apost.

When o screen s placecl af a large clistance
(obowt 2m) from the slits A ond &, alfeinade bright
and clexK fringes Yunm'ﬂg poralle) fo the ngth.s of
slits appeas on the screen. Thuse ase the Tvierference

J"ﬁﬂZ&S .

e £

wJ 7
p I
EC——
F. I
suaisgg';'S%OF FRINGES  SUPERPOSITION OF

DISPLACEMENTS

Explanation -

| Accorcling to Huygen's pamdple, the
monochvomalic  Source og l.«‘zld’ b?[lumfnaﬁha, tHhe shit
S sends our sphoucal wavefronts.



Letr +Hhe Solid ancs rephrident the crests omd
the olotted ancs vepruerts Hne troughs. These wave fronk

yeach +he ALL A ond B, which m twon becomes

thhe sowits o Seconelati waveltds. Thus +hae tuo

waves of sSome amplitude omol some fprequency

with zeyo phane lifference cre awen out by A and

B. Thuse waves om SV&.‘P%POQ.\‘L;O'Y\ prodluc rdexference
Dark Bright

(destructive (constructive
interference) interference)

[

The dlots (s) reprutent the positons of Comshuchve
(rderferance | where Crest of one wave falls on Crest
of the othen. emd tough falls on troughv. The resuliant

ampb'-luou. o hance indentity of bg»d' s moximum ot
Huse positions,

Sivlarky  Haz crosses (x) repaudend e positions
of destvuctive interferance , whme crest of one wave
falls on tvo of the oHvr oand vice-verta. The
resultont amplitude amd hunce indensity of LEM’ oy
mimmum at tHhse  positions.

Thus Wwe hane b}uakf fnnaus ot CE ond G
ond dark frmges o D omd F. There bright ond
clark fw-inae/s ant placed altesnodely and Hn.nﬁ, Qrt

equally Spaceol.



@ Show #+Hiatr Hae su.Pv..Poslttm of the woves on%.ma-hna
cest fom the two cohrent sources s, omd Sz having
¢ aLaAplaaamni" Y = aCosatdt emd Yz_ = Q Cos (Wt +¢)

a peind Pnoluu a resulbont intensity -
T = 4a*Cel ¢/a

Hence , waite +he Concditions for the appesrance of
clark and Bugh‘t fringes -

ff»\-— Y, = aloawt Y, = aCos(wt+p)
By Prmdple of supesposition -
Y = ¥ tY2 = Acesct +ales(wt+4)

Y = Qcoswt + alvswt Cosd - alSimwtSme

Y = all+Cuad) Coswt + (~asing) St
Lt a(l+ Coad) = A Cosd e T
and AaSim¢g = ASmO — &

Y = ACesb Codtot — A SmB Smewt
y = ACos (wt +8)

.S?Wha, ond aa’almng eq (D and @ ,we 3/&
(ACos0) + (ASmOY = at(1+ Cosd) +(asmé)
AT (S + (2820) = a1+ Cos™p +2cosd +sid ]

A = 4 +a + 20 CoAd

AT = 26\7‘(1-!- Cord)

AT = 2 CoA d’)
T I w2 Hae vesultont indensity, Hien-

A T = A I=4—a‘cos’.?__

I
H
o
N
>
lo




Condition for baight frimge or Cemstruchve Interference

Whun m(i;)::ti Haon T = I, - 4a*

Henco S.t S ML oY 4: = 2nJL

Alse path differnce = Phase cli jfounce
A 27

- A x 2n
oY X-znzn.

[ Path <liffearnce x = nA YLE Oyd2) oos

Hence Hhe hriait fwnqe, a4 cb'l'n.wxwl when podia
dxﬂwnce of smj&un waves in mA ond phove.
ol,«ﬁe)..cmu, Ad  2nTU .

Concition for dask fv'mae_ or destvuchve TInierfevence

When, ot 2 =0 Hen T =0
Hence % = (2n-1)1L
o ¢ = (@2n-1)0 | | whe n= 12




Path diffeunce x = A x

27T

oA Path cliffeasnce x = ('2.'1\.-])_’%_

Hence dank frimges are obtoimed, when indesfering
wave have path ouﬂumc.o. A5 Eelsl multiple of ,\/2_
ond phare clifferunce a4 Odd muwltiple of 1T.




Expression Jor Fringe. wiclth in Isderference

Suppose A and B ane two fine slits omd
Separoded by = obu{mn&'d. The slits are illumi-
Nodred b'd a monochyomatc L ot wavelun

A KN X aq Sreen ot o diatance D from
slits.

the

e two waves S{:o»tdw'na. -EYom A omnd B
.Sufv;.impose_ o™ eﬁc\-\om,/‘wwih

M rderference
petfern on Hhe screen. & fﬂ'
K
Px
.
[
el
Screerm,
< D :>N

Cons\der a point P on the Screen , at a
distance . from C.

The Fod‘i‘\ d}ﬂdzﬁh& betuyesn ‘lni'e)..,bvcina waves is

Fiven by - BP - AP
Podth cliffeence = BP-AP = BM
= dSineg
and L. BAM = L POC (By 3*—0"“-&*"3 )
I 6 &4 small, Hun Sin6xn © % tanb
poth ffernce. = BM = dsmd ® dtanb
= oL

5 (" ton® =%)



Fm" Conatruchve Iv\i'!):fe)u.m_z 2

Pa.ﬂ'\ oh.ﬁ‘oanu. = NA , Whre N=0,4,2,...

Hence dx - ;) o - ns.b
= Xy
F--riﬂae, Width ©f dask f'h'nae. P = Xnay = Xn
p= DAM+L) - DAN -~ DA
0 = - =

F'rinae wicdth of donk fs—'mac. 2= %&

Fovr deatruchve If&adumu. -~
Potin chifference = (211—1)_;_—\_ g (Pes T8 )

Hence  (2n-1)A - =x
2 D
ov x,= (2n-1) DA
2d
F\r{'nae- wWickdy Of b«'ua,lfd‘ Fringe B = Xy X
p = (Z0+D-DD) _ (2n-1)D) - DA
2 d 2d d

Fringe wicth of baght fringe = DA

¥ Here we Can Se that f-n"nae width of dank
—Fr‘ing& i eguad Jo Hae fﬁnjc. width o)y bright
fr'mge. .



X At +he sites Ot Corvstyuctive ivderference -
Lmax = (a +Q )7-: Constand-

Hew e alf bz'r.fcafbd' in)r%ju.anz bomds hove +Hae
Same  Lndensity.
¥ At tae sites of destruyctive inferfoance -

Twin = (@a-a) =0

Hence all the dark fringes have Same (zew) intensity.

Special Case:

Ib- y, = al CD-AWt
Y, = Q,Cos(ot+p)

I =L+I+2J5J5,Cos¢
a‘“=a; + a3 +2a a,Cos¢

Lmax _ (a+a)" Low (_J_—:_._-ﬂ)"
Totn  (@-a,)" Lrin AT -
T INTENSITY (I)
ON SCREEN

O n 2n 3n

T
PHASE DIFF ()




Some Iwmportont Points-

(1) TRe amn
s A,
=

Sepasaction of ‘l"d{)a.be)u.n& $in
I+ A 1ndl{>€ndmi o Pos‘rk';b*n of
Scyeex . A"'EMJM Position of nth ovder -

Bﬁazld Fy-mazc _%". e L\f_ [n=4,2....7
Dank Fﬁ'nag _’:L!;l =(1'n—1):_f\: (n=1,2,...7]

The Om S 'm OJt Hae f?!lﬂ
increases .co%'Hf\ Necyeare M A omd decyeares
Whon o Increases.

(2) In Younaf’s Sonble <Lt expwmud‘) whan tae
AR o(ippec) " ,&‘7uu'ol Hhen wavelen
A wil] change | it will becomes 3{7 Aimes of “its
VOJLAL IY\ aur
Fringe toidth m Medium p = DA

(3) When we uwe a sowwce of white Ligiht,
Cor\'ta.'m'ma Lght of lffenent colowss (ie. chiffevent
wavelengths A) , Han at a pasticudon pomd,
Conclition fov Cematructive imterferance mowy be
Setiafies only for some panticulan value of A.

Tv\mbowe., Coloun Corvesponcling to HuUs veluc
of A akne, shall be visible af that peint

Hence the mieferance fvinger will be

Colowred s TRe Centre of colouned “frin e
will be white. TP
As Ay DAy and p = AD | Py 7 B,
te. ved

‘-n%a will be ool Cempanes] Fo the
V:O'd‘ -f‘\—iv\ag.



In Young's clouble skt expeximend, the mterfering
Waws have amplituded vy the Tedkio 312 . Find the

vokio of indensily of bﬁa&\* ond ok fﬁnﬁq.

Arlmen. 25°1

@ T Youna's double slut expvdmu\i-, ;ni’-va,ftrmu
5:\?‘:* nges observed on a sScreen | Kept ot
Wwtanwe D +Hhe Slits. Ik the screen s

moved towards Hae slits by sSxit2m , Hhe
change. n 'fr%n&z, widdh A& found Fo be 23%16°m
16 Aepqaqtjm betuween Hae SUts & I163m

Colculadte +Hhe wavdﬂ.naahq oj- Hhe Ua&d- wsed
9} G.'l\l\fe‘f\ ‘H‘\od-— d = lb'gm. 3 Ap :3,\)0-.5"“
AD = leb-lm.

& 'Friﬂge. wriddh B = %/\_

= AR = _j;\rxA:D
= A = AR xd _ 16%x 3x]5°
AD X107

A = 600 XIU . = 660 nm-



m How wowld +he a ak_ Wm of Inter—

c§§ f—y._o_nc_a, frirae.s Es) ’Young’.s double slil‘tetpeﬁmn‘t
chan when' +the distante. between the slits and
Scregn A4a halved ?

_E—?—L WNe Know that -
aﬂgulnn Separalion = ;)-‘r
Hence Hre an Separation of the ?M%v:mu,
hqngcc' ar

—frinda YemaunA umce +F doey not o&pendA
on D.

@ How cloes the fringe width of inferference fi

et Chan when HaeY whale appatatus o ouna's
exp b i Kept in a E7u4'ol ofy reﬁifc#ve ingkx
s ?
selb e know Hhat-
-Fr'mae. widdhy, 1n meduum B, = %ﬁ- = _E.’L—
Hence +he new 7‘1'1'71(7& width becomes 3 Lirus

OJC 0*:!847\0\.! vfﬁnae wrid .

Losern U%k_f ob qud,enad’h ¢zo N 1mcidant on

CosE o P““‘Y of 4lits produas an mnterference Pﬂﬂun

" in which the baight fvinges are Aeparated by 7:2mm
Calewlate the M\%"%“ﬁ anothtn .Souhubg{—luaer

L which produce Indenformes separated
ba"d F f"‘{:?:-b

g 81 mm u,&;ng, Same padr of s
Sek as Fainge widdh (B)= 2

=
=) 21 = _:r\\_; [ D ond d are /sqm]
2
-3
) Ap = ,A\x_ﬁ_' = GZOKIGSK 8 1x10 = 70875 nm

R, 7.2 %1072



@) e identily at the cndral maxime (o) in @

BV Young's double slit ewperiment s Io. I the
diatance €p equals one Hiird of frimge width
oj the pattewn , Show that Hie miens N ad Pt;)?‘#

Sol. Given that, the Sstane cP equals one- Hurd
of fringe width of the patfern . Hence

D Path clifference = BP - AP = X ='_<3\_
Phase aliﬁu_nmu. = 3—;\£LxPa3’h d)jfu.znc.c
Hence  Phowe ol)ﬂq;uncz = %\Ex"é&_ :_:Lt_

Tk infzm'ng of Hae Central f‘n'n 1 Io , Haen
intera mef' P, wheae phase ifference )

P 44 given by- I = I, Cofd
= - 2 . -1 ¥
> I = L Gek(2n) = L. (%)
oY T = 3o
)

@ In Yourﬂ's double slit exfwununi‘ the two slits

cest 00§ mm apard oAt tlluminated by monochromatic
,Ugu‘ o_f— Navdena‘fh ASD Nnm. The Screen 44 1m awa
from the lits:” Fimd the clistance ofy the Second
bight fnnac amd clark fringe From the Cendral
maximum .

_.§3L- Given thaf - o= 0USmm = Lsx10%m.,

A = 48ornm = mwo‘sm. D=1 m;




i W bt forge o et pinge = S
For Secomd| b&?ht f‘rmﬁe 5 X, = 2D

X-L = 2—)( .!.x 4S-Dxl° - leo'zm'
I's x1074

The distamce of m™ ovdu dank frmgv. from
centrod  fringe A3 given by -

x’.n = = ) DA
(2n 1}1
for 2" darnk 7‘%—171&@ Xa = (2;0.—1)2%21

x, - 3xX1X 45D X6 O &
z - = 4'5XID m.
2X I's X074

Q.| A beam ) i » C—OMI‘A‘HY\ (#] ‘o wavelen

g? 566 nm a-t?cd 44:(\;*nm A uaed ii obtaum i’rdzrjei:::z

e fhnau "N a Youna’s double. slit expeument: Find
the least distande fromm Hhe Cendral maximum,
wWhere +he ba -fﬁ’naos, clue Jo boty the wave.
Llna'ﬂvs Coimncidle. The olatance between +Hhe two
Slits A g4 mm and the Screen L3 at a distance
of 1m Syom +Hhe slits.

Sol. :
/‘\ Caivenry tHhat - D=dm. , de 4x|o’3rn.

/\| = S60 NnmM s Aa = 4r0mMmm.

Led mth ovden b;igfd 'fr;'nac ofy AL Ceinciole with

(n+1)+th orodee bal fringe of Aa.
5 Gealr = (xan),
= n DAy = (ny1YdDAo

d d



= B e i A Ay > [+ L = S ¢ox10° >

L Aa 420x10"2
L = 4
D 1+ = 2
- “
= ":71' - e Y M=3

Leont Satance ‘brom Hae Cendrved frmge. D\)lf}l/u.
bright fringe of +uwo wavelingh, coincicles 44

(xs))‘ = SPAl = IX|XSE0 X)0 I
: - 4 x|o™3
(13));‘ < 0"42’\’0—317\ = O'U2wvm.
Hente. 23+d ovoun ‘ Frin ob Ay omd 4th

ovroen bfd‘w f‘rihaz of A, Concldle oF ©0:42mm
clistence 'f'rum Hae Cendved -fw—‘vnaa

"You're much stronger
than you think you are.
Trust me"

- Spider-Man



Diffrachm of Sound waves -

Diffracter s +Hhe beaic Pz—opvu\—y of a)
ia»pw of wawves. But it em only be obserued whan
Hre Size of obztacle ox 2lit A of dthe ovdn
of the wavelength nseol.

The woavelen o:f Cowng Wavesl |y, iy id
of +he oOvder of Llocm Jv 100Cm - As e wavelenghy
of Soumd wWoved 4 of dhe ovdur =Ff vormad obstacles
ov shts , So +4hat oliffraction of Sound waves con
be olbcesves) ecvs',l\kj '

Rut Hae waveleng of .Ugw' (4000 A" 1o 78004 )
1A Wy Liss. amd Fhe nevmeod 2 lits anol obstacles
OSe bla eY thaun thia | so thot the ou;b‘rch-;m of
de iQ not a mormal inciolemt.



Diffraction of Light -

Diffachon o} Qi i Hae phengmenon of
bcnoUna of ﬁa‘r\* arouna Covners of an ocbstacle or

W in tHhe padtih of .Uarkf. On accouvtt o:f-"H\iA
bendkng +Hhe J)a‘v\f peretvodes ivdo tHhe 6wmdﬂca.l
Slhodow th +he ohbstacle -

Thee diffvackien betomes much worve effechve
whery +Hae dlimensions of the Qperdune oy Hae obstacle
Qe Compah.a,b\e_ Jo e queblna;ﬁn o;f )Ua&«f'

HIH::)))))))))) 1)

Wide gap — small diffraction effect Narrow gap — large diffraction effect

—

-

Out of the given two Cases, diffracHom & most
pronounced  when skt width ta) L smalle, Hun wave-
Am(?*h (A) (e a<A.



:Diﬂ-rqc{im of Light at a single slit-

In en\svdmwod Se}u.P 2 1 q monocthyomodHc
UJ/M Sourt held oF the foeur of a Collimaﬁﬁg Lona
Li- A pornodlel beam of Might emoging froen the Lend
with a plang wavefrond WW! 4s made do fall on q
s?ﬂgk', skt AR of width a.

The diffrachon pattenn s focursed on the screen
XY with +the hdp of a convex Leng Lo

The dAﬂT“’!C.:HGT\ patterny obtedned on Hhe scoreen
Cendists of a centvod b/v.‘la»bd’ bend , having aldewnade

Aask omd weak. bﬁa&«f bonds of dggm\éa irdemi!’cj
oy both sidea.

Explanation -

Acco'rcu'na 4o Hhae Hu%ae_ns P/o‘ma'p\e; each F'o'mi
on t+he plane wavefrond A sends out Secondary wavelets
m al) Hae duvectons.

The <Secomd waves fnrm poinds widdtand-
The Cantvre cq}:i#f tHhe slt lyina i quowh'on CA
and c& of qucfrorcf travel Hhe some dildtance n ‘reacﬁmg,
0 and hente the pat, Afferance. botween them Ju zexo

These Aecond: Waves supeximpose each other, veswh
in He maximum 'mien&{guﬁ:f Po}:o:i' (o]0 9



Corttcn @ Po%mf P on +he Screen . Irden»s;b:'
at P will cupend on the path diffrnes betwenn the
S(w"ndw-ué, Woves em\l‘Hcc, fru-rvx Hae C,omponda‘na Po‘ud
of the wave -

New draw AN perpencicular b BK. Path

iffeunee betumnan tae Secondary waves reaching P from

Path iffernee BN = ABSING = asind
Positien of Secmdosy  Minima -
Ip thia pedh cl e Jd A Han P owill be

poimk of mimmum indentity. Tia 1a becawse whale
ave frond  Com be considirned Fo be devided ndo tuwo
equal hodves cA emd €B and if the path iffeen
betwscon Hae xunclqmj Waver from A ond B A,
Hazn tHhe Path oliife)..«m& bejureon Hae secondqrtj Wane.
'frum A and C reqckkﬂ% P will be A/'2,'

Also exr 1t in the hadk AC, there
s a tercoondn o o b &5
whith the podh al)«ﬁe)kmm behaeern Hhe swndam&
waves  veaching P L Al2. Thus destruchve :Me?ﬁnna
takeys pluce af™ P and -H\uufowe , PAis a pomd of Fiwst

Sccondwua, mInma .
Similandy , i path Slfferne BN =2A, Hen
the poird P will be the posihom of setond secondary

minmum  and So on.

Hence Foxr n'h SeCo'ndwra mimimum)

Poch clifferance = asinge = nA




Position of Seconalmu} Maxima, -

I’@\Lq’ﬂg other FO'\IT\;F P on the Screen & Such
ok path difference = a 8img = 3A/2 , Hun
P will be e position of :f?rxst seumc'qrb( maximum.

Here e Can assume taat the wavefrsnt be
donicded indo thiee equal pasdes so that the path diff-
ehante  betureen 2econd waves fiom Corvespmcling
porrds in the fivat two will be A2 . They il

give rise to destruchve interferemce. -

The Scumdany waves from thaivd past, veman
unuwsed amd WM Superimpese. each other and
produce  fivat sewomdary maxima.

Simmlandy 1y BN = SA[p 5 then we ged second
sec)o-ndah& maximum of Lowes, 'wdvus';’nd( and <o em-

Hence »fo*f nth S-ec,onolqrg maximum —

asing = (2n +1')—é_—

Trdenity distribudion Cuswe and diffmchon Patiern

¥
INTENSITY

: m—
-3\ -2A -A o A 2A 3A

PATH DIFFERENCE (asin 0)—

»



Wiolth a;f Centl Maximum -

The ‘unot,ﬂ\ of centrad moaximum:- Ja Hae distenee
between f1vat secomdary minimum on eitaen side of
o.

I P the posibon of Lst secendary minmum
omo\ OP = ¢ then -
asmp = LxA

. " A
oY = o6 o
Ib & i 4Amald | Han Snpg ¥ tanf 26
Hena  ton® = & 3 F =4
(ol & o> = DA
a

ol cb Central Maximum = 2x = 2DA

Pm&ulw-wiowhqf Contl Magimum = 28 = 2X = 24
D Q

Note- When sounte U emi’ciﬂg white ﬂa&,m
the onfrac_:Ho-n PQHan A4 Coloured).

The Cendrod Markimum 48 white, but othen bonds
ant cColowred . As band width /\’Mbbmt,red
banol  \with Ha'{uh, quelma;ﬁq Ad  wicdia. than the
violet- band teith  smodles’ wavduv*h




| action
between Interference & Diffr
Diffevence

Interfevence

Diffraction

i)

It le olt&h {'0 S%,

1tion of two d&{:ﬁ
PO&V% Co'm'mg o
mkmmj' Sowr e,

Co

veruld
It J4 Pmduu.o\ as a

'ad = "H\L
Qf Cf ugigﬂfno?el&f comma
se Con

{ ords of
from o!A\ﬁv'.u\‘l‘

ot
nave.
+He Somne

Tn ;mm&fnam
He b ‘
cf}:u same. i'njervs&,;.

' exn ,
T o{)ﬁg:?:&n bapa\ﬁMS C“I.e.
Odi ?fm Same_ 1ndens a
no

Hrae nder-
1ot of
d The wi

fr::‘;ciotfhbz equad.

bonds ua
may oF ol)ifrqchm

3 wrt o}
The ffﬁ-naz, oL:H'\.

un th&o-ll




How cloes the a sepanodion betwan fri
:%ff N .S;n@c.-sﬁt'd) chov)  expuriment d\anae, when
Hae diatanu of Aepm.oiwﬂ betwern +he Sht and
screen Aa coubled?
Sol. v Angulan width (9) = A

Herne B 1» llndl_f?end_ud of Alpwwdi(‘on batween slit
and Screan (D). Hence Hie cmguku,, sepam.t:cm

remans 4o Same.



FPelarization of Li 3kt

L{‘a/lfd JA om e)ec:lrorrnafm}nc' wave tn  which
elechic and megnehc fa‘e)d vectovrs varug .s'musoﬁolqlbd,
perpeniclicidar. 1o each othen as weld a3 perpendicular
to the duvection of pmpagab'o—n of Lia/k:f roave .

The L "Dpoﬁoild fb‘v'n Common Souvee
(Sun or buwb inPo. given cuirechon Comsiat’ of many
imolependent  waves whose  plane  of vibration are
m‘nd,om)y 6r1evited about Hhe AirvecHon ob Pwopmaacbm
such !,‘.34\# waves O0xe Saud Fo  be tmpolorized .

P L

' .

Whon  tmpolasieed }.g)d" A ponsed +hvo @
towrmaline ngzs{a.l cuwt with its face Pahn.lld“gt;o 1ts
Crzé‘l‘a.u.caro.f)klc axis AB, then only FHhote Vibyaldema
of ,Ug‘\f pars thro +the. crgzstad which axe  pavally)
to A®. AlIl othen voions are aksorbed.

The emv,aonzk L from the ta) whidy CGondan
vibrodiona onlj "M oar‘,: duvechon ?Aw@h_o‘ plane

polahlc zed 1—334«} .
(vibva:ﬁo—nb
A

- D [ polasxization




Poloxization -

TRe phenomena of mtﬁc{%ng_ Hae
vibreduons of Liahj' (elechdc vector) in a parheular
divechon porpenclicudar. to +he divechion o} wave
motion s Callud polaxization of Uai\iﬂ

The womaline C‘mé,ata.! acts ar a polarizer.

The plane ABCD in which Hie vibretions of
polorized Mgkt ane Confineo iy colled the plane
oj- vibyation,

The plane KLMN which 44 pvv.f)enol«m.lah 1o He
plane :g vibyodion i d‘b‘”"' as Hhe plane oﬁ
polarization.

Expoumental Demomstvation of Polonization-

In figshe Ty emd To axe two thim plats
of towmaline.

No Light

POLARIZER  ANALYSER s gl

(2] b

A fine beam o} ordun Jight fxom the Source

S 4 passed Hwough the plate T and bansmitted
Light is obderved " by the naked eye.

. 111tz\)lfx.w» the  plate T,flA yotoded about Hae

(recHon o propagotion of U +he intensity o

tvansmitt Light  vemain the sqr]nz,' I f

let +Hhe Second plate T, be placed in the poth




~ of Liafki’ tromamitied  Jpom T,. we obsowe that
I‘MCM'\‘% o} +rans mitted ba‘/\* by T} and T vemam
unaffected cm).»a when T, and To @re set with their
axer povealld] .
When Ta i& zotoded) Aualhd, miensity o

A trovwditted froen T We/s on olecrews\ga \f
AsSooﬂquaxabehmc tals are
at 90 tv eadh othwm ﬁd%d’ A Compled cut off-
Oon To‘lqi‘,(na. T fwdher ,1}34«1 TROPPRONA.

Hemce W C,om'm% owt of the Cr\d»s‘l:a.‘ T, i
Scud Fv be PO|szeo‘ amd Jd had vibrodions of
electric vectoryr which ane veatricted o im one

divechon ( Parodlel 4o +he ophe axis oly cra»_s’co\.l T

Note -
The imfens of polovu zed L o Pq/.«s'|
Hhxo Q ‘touhma\!ﬁam ng/s’m.l cha a:\* Wit Wﬂa

Jodive owmentodion of its crpt dro.faiu‘c. axes with
that of polarizer, e Jb& must consiat of

TEONAVERAL. LuaiveA .

I'rdcn&'ﬁ:a of poloieed I«a‘”‘

A

INTENSITY (I)

¥

6 = angle between plane of ana,!.aauano\ polaryz ex




Law of Malus -

Acc_ofal,iﬂa do law of Malus, when
p

a beam of c,owpldd,ﬁ plonie Vpolarized L i Inciclent
on an qv\alﬁzer.' the rvesuldand ivdtvvilij ;!‘5 /ua&\.f 1)
+veows mitted »j-mm e analysex varmes dire Iy as +he

Squane of the Cosine of “the angle (8) betwesn plane
o4 tranamissien of analyser  and| polarjz ex.

T = Cor*®

Pm'f Suppose a A armplitude op electvric vector
travamitted by the polarizer along ©F « The plane  of
sex 0A wmakes an angle & wity OP. The two
rectangfndar compments of @ € ACes® amol aSind , which
are. parollel and pespencicuday to phme of transmission
05 ana}AfseA /wsf:ecﬁve,bg-
As +he comPomn:t Hrangmi tted 'Hm)ugh anahj.se'r
I3} O'M@ Q Cosb , Hurefove, imfensity of L:W tvansmited
from ana.lf&ea’ LA -

Hence T = I,Cal® oY I o Cod“®

To = Icdentity of madent Kight P
(1) when polasusen amd analuypser

are parall)l  (0=0 or136)

I- 1,

(i) tohen Ppolariser and amalyser
ore perpencicudon (B = 906 )

T =5




@Bdwu.n two  polancids placd in Crossed posidion, a

X Hurd  poleveoid i intvoduced . The axis of the thivd
Polaseoid  makes an angle  of 30" with the axis of the
fivst polaroid- Find infensity of dransmitted Lw from
the system assuming Lo to be the ivdendty of the
polorized Lght incidend at the pivst polanoid.

Sol TR indensity of tyamsmitied Light from B 45 -

I] = -_I_D_
Y
The ;y\tné'l-kj o} trarnsmitted UW tm-m M kb o
I, = LCos® = Io Cog'ac
= _Le A - ST
T~ (3) F e ® S

The intensity of transmitted Lght From P 4 -
Ta = T,[Cos (95-08)]

= 220 [Cos (%%-36)]"

5 I
§.. s A% A Ty = 238
= a°*<'2-) = - 32




(B) Light fwon a sodium Lamp 44 pasted hrough

c2t¢ two polarold sheeds Py and P Kept tne apter
the othen . Kufi"ng P, dixed P, ua 7rotated so
thot s pass axis con be at cliffererd amgles
B, with respect to +he pams axis Pp. TRe given
datde for +the Intensity of ,Uahi’ Co-m'ma out o} P
as G funchon of +he anale_ B,

S.N- i - 0 3 &4 S

k. & o 28" 4¢5° o’ 90’
.—1—°- é_Ii —.IQ_ 10

2. I 2 2 203 . 3 e

One of Hause obseswvaions 1a not m aarwun:}'
wWith +he expected Huovebical varmiakion of I.Identify
His observabion and waite Hhe covvect expression.

f,_?.[: The obseavation 23 4a not In nguncnf with
+he expeci'tol theovetical variation of TI-

Fox cnge 6 = 45° ivdensity of tyvansmiited iﬁk}’
from P2 s I = Xo Coa 4S°®
2

» B I‘z_o K(JJ;':.)L > I = .:_:.-‘.’.

@ Two polasoids A and B ane Kept i Crossed position

<35 How showld a third pdansid € be kept betwen He
Se that the injendity of pelaxized Aight tramamitted
by polavoid B veduces 4o -‘é—“’ of the Fn}tn&'l%g of
unpolarized  Light incident on A2

f_.ol Let U be the omgle between +he pass axis of
A oand C.

Infersity of ,UJH' Pa./.«s}w& through A = 2




I’f\j‘QM‘Itj OJ‘ ﬁgf/\j’ PaMiﬂg «H\-roua}\ & ad -
T = I'DCoA"e

I‘Y\J’QMI{U 06 l—«d‘kf Fowsmg H‘)roua«h B b ~

T = (I ColB) Cot™ (95-0)
p A %(COABS)ne)

B udt 34'ven Hat %(coz,es'me)": Jo

. 2 1
(«SMG Cot0) = Z
Sim 29)7' - s
7 <4
Sin2§e = 1 =D 28 ...S:T)L(-l)

B = 4q¢°



Polarization by Regflection-

When unpolarized L A veflected from
a Surfate, the zﬁcc,kol ngij— mauy Jcbe. completely
polarized , pq/d-iqu,y Polo\h.it, o ynpo]mziaec'- Thid
would OLhPend ovy Hnre q'na)\l; oy 1nciclence.

Ib angle obv imcidance 2 O oy 30, than
the reflected ™ beamy vemain unpolarized. For an
of incidente betwern O and 30, the re flected m

Ad Polcurjzeo\ to va)‘ﬁ'ma cLLarcc,.

RARER : N

The. angle of- incidence oF which He r‘eﬁfdfo{
UW x4t Covnp\e}dﬁ Plone. PO\ahJ-e_eol A4 called) polas-
Zing .omgle, o¥ Brewster's ang»le. Tt 14 vepresented
b L

g b

The value of Lp okpends on +he warvelength
o4 1.234«1 used.

As  shown 1N f;‘iwu. whan  ynpolaized U
& inddent along Ao at Lip on the ‘m#e)»‘-jaghi_y
Se,PM_oCtAhi Uy a muedium of refrackive Index
M. The reflecte ‘UW Othmg OB Ad Cfcmphitbj
plane  polarized

The vibrationk of eledhric vedor popendiculon 4o
the plane of inadence vemain aimogs  parallel o




Hae reﬁcoh'r@ Sweface , whodews be tHhe angle of
incidence. . Tl'um,bm(e Conei Hom of ther Yeﬁtd—im A
not changed with the cbwmaL in the angle of ncidinee

However dthe other 4eb of oscillabins of elechic
veckor Im Hae plane of imadence make ol fferent angles
with e re\{-leding sweface , a5 anak o Incidunce of the
bmpolahize.d 1134\!' A ckomaecl. At Poltw’z,ina angle (Lp),
Most of thue wvibrationst of elechric vedor transmithed
and ane net reflected:

Hence vefracked Light aleng oc 1 a mixture of
polaru zed Ua‘d and unPolafu'zed ba,ld‘ (e af 42 Pwdeﬂ
Po)a},jzgd.

Brewster's Law -

‘ Accm’ouﬂél Ao ths Law , when unpelasized Lght is
medent o polwdz?ﬂa, angle ({p) on an inderface separoding

aLr fom a medium of vefrachve index U, then the veflect-d

Laghet A fully polarnized (Porpendiculan, o the plane of
incidunce. ), provi

M = tan E.P

Thid relation vepidents Brewster's Law-

* When ,Ug{/d- 44 inadud ot F°’WL;”8 c\'na,Lg , the
refected Component admg on ond vefraeied CGomponant
cd,ma 0C are mu:?uq.UAj M{hc(lcuﬁwz_ 4t eachohuen,

Proof oj— Rrewstex's Law -

I -fa'awu, [ By _ [/ VYoe = g¢
(95—&) + (90'-y) = 9




oY 90 - iP - ( Y:a'rgk of refmd%on)
Accowu-n? +v snell’'s Llaw -

Sint

sinrv

When L = ‘Lp and T = (90'— if)

A =

‘ M LA
S)Y\(SO—'LP)
oY M s'ﬂ}P = tQﬂLf
CoAlp
= M = tantp This proves Brewster's Law.

For cur-water imdadace FMw: 4/a

I:P = ‘tOrn-‘L(—'g—) ip = &3}
Thus /UJM reflected I am fom swrface of walyy
will be” Completely polaxised’, when amgle ofy inadmnee
of Unpdarized Light™ on the surface of wader

53-1°




Use of plane polasized LW and Poleroids -

(L) The mojor use of polanocids i 4o aveid glare of
Ua&d- when we Ute polasuzed sun Glarses with Hair
vibraion plane - verhicle, Hw most™ of the polarized
Might veflected from glazed sunfaces s cud off.

Wz
E N

7N

(2) To avoid +he dqzzﬁna u of « Cas approqckina,
from the opposite. side cluring rigint dviving, pelavoids
ane fitted on the wind shiekd™ and on the Cover glasses
of head Mghts of each can.

(2) Clean phoha«mphs of white clouds are obtained by
{-;ﬂ'i'ng. Po)anoio!s in fromd of the camera lens.

(4.) Polorcids ane wefud in Hwee dimenaional moHon pictures

() Im cbp P\w, polarized laser beam adls as nedle
fov pwdudna, Soundl from Compact disc. (D).



O.1. Yellow light with wavelength 0.5 um in air
suffers refraction in a medium in which

velocity of light is 2x<10°m/s- Then the

wavelength of the light in the medium would
be.

Solution :

Here, A, =0.5 um,v, =3x10°m /s
A, =2(x),v, =2%x10°m/s

0.5 3x10°
x 2 x10°®
—=> x=033um

Note : The frequency remains unchanged.

0.2. Light waves from two coherent sources having

intensity ratio 81 : 1 produce interference. Then,

the ratio of maxima and minima in the interference
pattern will be

Solution :
y § A,2 81

Given,I;=A;_l

A 9

“ A 1 or A =94, ....(1)
L (A +A)
C I (A= A)
From Eq. (i), we get

Lo _ OA4, +4)° _ (10)* _ 25
Imin (9A2 o Az)z (8)2 16




03. Compare the intensities of two points located

at respective distance g and g Jrom the

central maxima in a interference of YDSE
(P is the fringe width)
Solution :

A¢=2_7rAx=27t(d ,3) _ 27t(d AD)

A A\ D4 A D 44
A¢=2”=ﬂz>l=4locos2(£)
4 2 4
Similarly
271' 2 271'
AP =—— I=4] cos"| —— |=1,
p=2 oos?( 22 )= 1,

-. required ratio= |2:1

04. 4 parallel beam of light of wavelength 500
nm falls on a narrow slit and the resulting
diffraction pattern is observed on screen I m
away. It is observed that the first minimum is
at a distance of 2.5 mm from the centre of the
screen. Find the width of the slit.

Solution :

0 — 2.5%x1073

8= 7 radian

&
D’
Now, asin@ = nA

Since @ is very small, therefore sin@ =@ -
nA 1x500x107°

&  2.5x107

=2x%10"%m=0.2mm

or a =



O5. A screen is placed 50 cm from a single slit,
which is illuminated with 6000 A light, If
distance between the first and third minima
in the diffraction pattern is 3.00 mm, what is
the width of the slit?

Solution :
In case of diffraction at single slit, the position of

minimais given by gsin @ = nA - Where ais the
aperture size and for small g:

sin@ =6 =(y/ D)

g a(l) = naA, i.e.,y= 2(nﬂ.)
D a

So that, ¥ —» ==@BA-A)=2(22) and
hence,
" 0.50x(2x6x1077)
3x107?
=0.2mm

=2%x10*m

06. In a single slit diffraction experiment first
minimum for A, = 660 nm coincides with first
maxima for wavelength A,. Calculate A,.

Solution :
Position of minima in diffraction pattern is given by;
asinf@ = nA
For first minima of 4,, we have

asin@, = (1)A, or sinf, = % ..... )

The first maxima approximately lies between first
and second minima. For wavelength A, its position
will be

asin @, = %/’Lz J. o sin@, = —= ... (i1)



The two will coincide if,
O,=60, or sinf =sino,

. = A or
a 2a

0Q.7. Two slits are made one millimeter apart and
the screen is placed one meter away. What
should the width of each slit be to obtain 10
maxima of the double slit pattern within the
central maximum of the single slit pattern.
Solution :

A
We have a@ =A (or) € =—

(a= width of each slit)

1()&: 2&
d a
d 1

a=—=—=02mm
5 5

0.8. Assume that light of wavelength 6000 A is
coming from a star. What is the limit of
resolution of a telescope whose objective has
a diameter of 100 inch?

Solution :

A 100 inch telescope implies that
a= 100 inch =254 cm. Thus if,
A =~ 6000 A = 6x107°cm then,

AQ = 1.224

~2.9%x10”7 radians



0.9. When light of a certain wavelength is incident
on a plane surface of a material at a glancing
angle 30° the reflected light is found to be
completely plane polarized determine.

a) refractive index of given material and
b) angle of refraction.

Solution :
a) Angle of incident light with the surface is 30°.
The angle of incidence = 90° - 30° = 60°. Since
reflected light is completely polarized, therefore
incidence takes place at polarizing angle of

incidence 6,,.
"0, = 60°
Using Brewster’s law
p =tan @, = tan 60° — u=+3
b) From Snell’s law
_sini g sin 60°

sin 7 sin r

J3

11
2 J3 2’ r=30"

or Sinr =

0.10. Two polaroids are oriented with their
transmission axes making an angle of 30°
with each other. What fraction of incident un
polarized light is transmitted?

Solution :

If unpolarized light is passed through a polariod B,
its intensity will become half.



So 1, = %1 o with vibrations parallel to the axis of
P, . Now this light will pass through the second
Polaroid P, (Analyser) whose axis is inclined at
an angle of 30° to the axis of B and hence
vibrations of 7, . So in accordance with Malus law,
the intensity of light emerging from £, will be

2
. =F, cos”30°= (ll")(ﬁJ = 310

2 2

7
So the fractional transmitted light I—z
0



