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petermination of wavelength of light:- If '1' be the wavelength of light used, ‘g |

ﬁz
fringe width, '2d' be the distance between two viptus] Safrees ,91 and S” and 'p’ ﬂ;

f%,

distance between the slit and eyepiece, then , 1 / ‘ ¥ aal
The wavelength of light Is givep by 6 /”// (%% —F \
e

In order to calculate the wavelength of light, The fouow%.l,%asuremeng are made, ;

t of fri idth ( f)iz L7 \m«?/
right fringe he reading of mlcro—na;,;

The vertical cross wire is adjusted on any b b
screw Is noted. Now, we set the cross wire one by onée on different bright fringes 2nd ne

down the micrometer screw reading in fﬁb-case That. mean d:znce ba‘ween the tog
bright fringes ﬂ\/lsf thus calculated. g ) 1

ure of D:- . " 3
The distance between slltan/deyeplece can be read directly on the optical bench. ,

—
iii surem '2d': s _;
=

4

eyepiece Is mounted between biprism and eyepiece as shown'in fig (ii). The lens is adju

at a position '; " till sharp images of § and .S, ‘are obtained in eyepiece in this case, the

distance between slit and lens is objective distance (u) while the distance between lens c;g:

eyepiece is image distance (v). then, the magnification is glven by
v 'd] -

M= =2 (1) .

further, at the position (L) of lens, the sharp images of §; and S; are obtam& in|
eyepiece. Then, the distance between Lens and eyepiece is objective distance (u) while the
distance between slit and lens is image distance (v). then the magnification is given by

-.u_ e..—dz /

.on. multlplylng eq 'ns (1) and (2), then :

_ d;Xdz_ - ;
v 2d=.2d ..~ W\ A T '

- e 1 . |
For this purpose, a lens with focal length less than — of the distance between biprism znd
: . 3 .

o
E
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on- parallel reflecting surfaces (or) (WEDWE s e

rference by a film with two n

nte
;?L,i . (VVIMP




2o N »TUVOS e

he optcal path difference batwaean (waves (216«
Ass pl(QR RT') = QU ,
/!(QV 4 VR [(’/') - (U ' |
g (QV)1 (V)= QU
) [+ eu=n@Y)]

[+ RT = RS & VR+ RS = )

A= pi(VS)——

from /\"", TVS =

)

' S7

VS =81 Cos(r+0)

cos (r-l-()) =

Vs =2t cos(r »!-())—-——-——-——(2)
sub" eq'n (2), Ineg'n (1) =

A =2utcos(r+0)————(3)

* but, due to reﬂection, there Is an additional path change of -5 is introduced. then

A=2ytcos(r+9)i:—;'— _ - (4)”

¢ For constrdctlve interference (or) max'l_mum ln__tehsity,f
A=ni————(5) .
““From eq'ns (4) and (5) =

2 ut cos (r+é’):t'-2;£ Znd

o = purcos(r+0)= (2t ) ——(6) .

€  For destructive Interference (or) Mlh!mum intensity .



/ A=(2nj~_1)%

4

i)

from €q'ns (4) anq (7) =522

20t cos(r A v
(0 +9):1:-5=(2ni1)E

il ) ) R—

In the case of wedge shaped fij)
edge of wedge, hence th %

nae width

¢ » t remains constant only in direction parallel to the thin
€ straight fringes parallel to the edge of the wedge are obtained.

aci
: Ing between two consecutive bright fringes):-

For n' maxima,

2ut cos(r+0)= (2n+1) %——"—(9)
for normal incidence and air film, ‘
r=0& pu=l1
fromeq'n (9) = ; :
2tcos 6 =(2n+1) % : (10)
from, the fig. |
Tand =+
xn
= t=x, Tanf——(11)

Sub" eq'n (11), in equation (10) =
. A
: 2x,,Tan9.cos€=(2n+1)—2-
' bin i
2x,,sm9=(2n+1)—2—____—-—-( )

If the (n+‘1)th ‘maximum is obtained at a distance Xnal from thin edge,'then

4 ' Ao
22 sin0 =2+ 1)41)5
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A=(2n11)2

P R ()

from €S (4) and (7y _

2;’1[003 . A A
| _(:+9)i-2_=(2ni1)_

e ‘2pt‘cos()~+9)=in& —(8)

In the case of wedge Sha
edge of wedge, hence th

Ped film, t remains constant only in direction parallel to the thin
e StraNSJht fringes parallel to the edge of the wedge are obtamed

erin e width (Spacing between two consecutive bright fringes):-

For n'" maxima,

2t cos(r+9)=‘(2h+l)% —(9)
for normal incidence and air film, '
r=0& u=1
from eq'n (9) = ‘
2tcosﬁ'=(2n+l)%. —(10)
from, the fig. | '
‘Tan9=-t—
_ X,
- >t=x, Tang——(11)

Sub" eg'n (11), in equation (10) =

X A
: 2anan9.cost9=(2n+1)—
' 2 A
2x,sinf = (2n+1) : (12)
If the (n _H)rh ‘maximum is obtained at a distance x,,; from thin Edge;then

' 2%y SIn0 = [2(:1 +1)+1]E
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DNy IO = (2n et 3)% REE ( )
from oq'n (1 3)

on subtracting eq'n ¢! 2)
Yty S0 0 =2, SINC (2n 15) (?n o 1)

A
2Ny = Xy )8IN0 = (20320~ 1) 3

20 sin@ = A4 |
5% ﬁ ) in 0 . [ Xyl = Xn = p ]
8 o ‘ |

p= s -—“""“"'(14) | @isvery mall = sin@ =0 |

el anriror
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m S R|ngs: (ReflectEd Iight):_ (WIMP) : ’

When a plano-convex lens with its convex surface is placed on a plan® g:asz p::i:’

air film of gradually increasing thickness is formed between convex lens and plane glass piate.

at™ | -kness of the film at tt - i~ light is allowed to fall

Ie;mc 4 d the film is vi '€ Point of contact is zero. If monochromatic. g s concentric
ally, an IS viewed in . , “bright rin A :

orm reflected light, alternate dark and gknown 25 Newton's -

——
O

jound the point of contact between the lens and glass plate are observed are
nd

S.
erimental arrangement:-
Microscope
b45. .
7

/] Sodium
lamp

A )

AL

CHE R e © (d)

The Néwton's rings expefimental arrangement is shown in fig. It consists of 'mainiy three

pérts namely sodium vapour lamp with a plane glass plate (G) ‘at an angle 45% with the vertical .-

travelling MICROSCOPE (M) and the combination of plano-convex lens 'L' and plane glass plate(P).

A parallel beam of monochromatic light from an extended source is made incident on a
inclined glass plate (G), which reflects it in vertically downword direction. Each ray of light suffers
reflections from upper and lower surfaces of thin air film formed between plano- convex lens and
plane glass plate. These reflected rays of light superimpose and produce an interference pattern
consisting of alternate dark and bright rings as shown in fig. s

* We points df air film of same thicknesﬁ,_iwso' Interference fringes due
o all the rays of inci8§1t light at points corresponding to a particular thickness of air film,

merge to appear as a circular ring. : )




= as we move aWay frc

Central ring is dark and the thickness of rings goes on deCfe,a'zg?Ne move away from Po;

Central ring. because the thickness of air film goes on jncreas!n? '

Of contact of plano-convex lens with plane glass plate.

® ‘Newton's rings are Localised fringes. wn in fig (i). A pay

eory: ; ‘ .tem as Shonge.

AB is a monochromatic ray of light which falls on the sY* phas€ e d goes out in the fy.

reflected at C which goes out in the form of ray (1) without anyreﬂected a”nce pattern consisg; |
The rest part Is refracted along CD. at point ‘D' it is againc Interfere g . "

of ray (2) with a phase change of . These rays (1) & (2) prody

of alternate dark and Bright rings. th diffé

If't’ be the thickness of the air film, then the optical P2
is given by

rence between rays (1) &,

A=2ut cos(r)+§

for normal incldence and an air film
r=0 and u=1

-

P .
A= — 1 _ .
B 2t+2' () t =0, then

at the point of contact of plano- convex lens and plane 9

Cfromeq'n (1) =

: ity thus, the central spq
A =2£.' which is the condition for minimum intensity t ‘. ’ pot
is dark. -

) ET: S
: iq (iii e surface LOL is th
Let LOL! be the lens placed on a glass plate as shown In fig (iii). Th e

3 ; : d r be the radius
part of spherical surface with centre 'C'. Let 'R’ be the radrus' of curvature an of
Newton's ring corresponding to the constant film thickness 't'.

from A® Triangle, CNP =[ from fig (i) | .~ _
| CP2--=CN2+NP3;-=; L e -

R2=(R-1)?+r27 \ WL -

LY STRT IR

2 3 2 ) L, - s . . : > ) ‘ ‘ |
S ri=2Rt—t* = 2Rt [ VIS<R= 12 can be Neglected comparable to 2Rt] : o

subf' eq'n (2), ineg'n (1) =

28 2

'”*-—-'-73)

P VS R CT I S R PR . Ty -
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Imﬂﬂu for the Bright ring/ Maximum Intensity |

A= m’[-—-—-_‘_(4)
Jromeq'ns (3) & (4)=

Dy 1f(Zhr—l) —(5)

Thus, the dian ' : ' : :
L diameters of the bright rings areAproportlona_l to the square roots of odq natural

For the dark ring / Minimum Intensity -

A=(2n+1)%-—-—-(6)‘ '.
from eq'ns (3) & (6) =
2
re A
—+—==(2n+1)—=
(o)
2
r—-+£’-=m’l+i
R 2
.f_=M
R
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b . (fdrence fringes such as cl}cm

¥ 23) |
T Thisisan instrument, which can produce both types of int€
_fringes of equal inclination of 'oo ' and localised fringes of equal thickness: r(\ ..\

e i
Mlchelson's Interferometer:- (w{'IMP)

Srcasme
S 3 R
) L
#1;21 .
'
. T '
M, & M, —> Plane mirrors //
G, & G, = Plane Glass plates /
T — Telescope / , s '
S — Monochromatice/xtende'd source
L —> Convexlens ~ - B d
Mé — Virtual Image :of M, \ 5
Construction:- e 7 B /@/-
wn in fig. ItZonsists of two plane mirrors M; and My

_ The Michelson's interfeVs sho
which"a_r_e at right angles to ea other. M} can be moved such that its néw postion is parallel to

i_ts,previo'usj_ppsition while M, is Fixed M, and M, are provided with three levelling screws at
the mirror can be tilted about horizontal and \}ertical

their backs. with the help of these screws
axes so that they can be made exactly perpenditular to each other. There are two plane Glass

dlates Gy and G, of same thickness and of the same material placed parallel to each other.
These plaFes are also inclined at an ,anglé 45% with the mirlro:; Ml_.and M, .. |

The face of Gy towards GZ\ is semi-silvered. T is a Telescope which receives the reflected

ghts from M; and M,.

* .
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kin
wr’—'tfé_

ht from a i s
monochromatic extended source 'S' after-being rended by 3 collimating lens

) ' falls on the semisil
L 'vered glass plate G, . at G, incident light splits into two parts. One being

as ray '1l and again

ctedasray (1) a
refle y (1) and which travels towards Mirror M, and again reflected
Is towards Mirror

reaches the glass plate G;
. e el reﬂectEd athe Second being refracted as ray (2) and which trave
M2 ]
ray 2! and again’ reaches the glass plate G;. ray ‘2 and Z

through compensatin Ia
9 plate G,. Thus, the paths Travelled by two rays (1&2) aré equal. These

passes

1 1
tworays 1' &2 gives the I
nterference pattern It can be observed m the Telescope T
If we see in the dir ‘
ection of er one observes M; and also a virtual Image Mz of M-
us, the two in i
Th terferl‘ng beams come by reflection from Mirror M, and Mz-

-I:hthe distance OMi =X and OM;= X, then
. .
path difference between interfering rays (waves) is given by

g i A=2(x1.—x2)i— | 5 N : A
. | : | - :
B \ _ , ({\)/_ :

S

: n/ \\} ol
rfere Ce pattern, in the direction of M, the two mterfeanng

When you are observmg inte
hown in flg hence the optical path d|fference between two

beams come from points A and Bass
beams is. 'BC ' oo I :
from A’e BAC:> Tt LR
: _AB /
: =>BC B o087 7 |
BC =2t cosr and




£
i
|
!
!

+ effective pah ditferenc Is QIO BY 2

| ‘ ‘A

there Is an additional path difference of 5 is [ntroduced,j-'h :

LY

but, duo to roflection;

>

’ /1 h
= 2f oSy -\

e

—(1)
e
ot — Wiy,
™

A

- v

for'rh?:lxlmum Intensity, \.""

A==n/1-'—-—-—-—-'—"‘(2)

| ol
from eq'ns (1) & (2) =

2t cosr+ g—; ni
)

/'/'

~ /:L
2cosr= ( 2_"-:})5 i (3)

~
.

for mlnumuin Intensity

from eq'ns (1) & (4) = : A s gt g
2'rcosr+-/l==(2n+1)‘-/1 : -’ | '

O 2 )2 |
Fremr =nd L2 (3

L]

Types of frings:- ; ! , ; ‘ -
The Interference fringes may be straight, circular, parabolic, etc. depending upon pat

. pp— 5

difference and the angle between Mirrors M, and M}.

1) Circular fringes:- ' R R
_Plane of Mirror M,

-pe

’ "
e

L gEES
YTy

.7 When mirror M. s exactly perpendicular to mirror_M; (or)Mirror M, and-M} are paralle

‘an alr film of constant fAickness is-enclosed between them. It can be seen from fig. that the patf

dlr:fierencei -ﬁ'e different for differént values of ‘6. Hence, the path rings while the path differen®
which=E5tisfies_the condition of maxima appears bright rings wh ich
satisfies the condition of ninima' appears dark rings. These et ile_the Rath difjerence e

v i ’ . e i -areé
observed through a Telescope focused at infinity. L il formed at.infinity hence they of



“ 1 E;ﬁlt&ﬂlﬂﬂl{ﬁ: e
»
\
M, L LMy
B M, e et -
‘* - M!' ---------- f duiiie M‘ *
mmm NI
() (c)

when the mirror
irror My and the

J\{—, ls n
2 ot ex
: 'S Notexactly perpendicular to Mirror My (or) the m

P

! e M) arei |
euat Image Af; are inciined, t
he air film, enclosed between them is wedge-shaped. The shape

$fringes depends on th . :
= when the two mi?r;?;cﬁ?ess of th? film and the angle of Incidence.

hen the two mirrors are ""C\in‘egngu‘\!: Intersect in the middle, straight fringes are obse;rved-
dge are shserved 88 Shawn in ﬂé rved fringes with convexity towards the thin edge of the

)
; Wr:en mv;noch inges:- e
romati :
c light source is replaced by a white source, then coloured and curved
ght.

;ga!ised fringes are obtain

other fringes are Colourec?dciJgi fringes of zero thickness being again perfectly dark and strai

-;:mmination e hEried o overlapping of various colours. If the film is thick, uniform

24) Uses of Michelson's Interferometer:- .

) Determ_inatlon of wavelength of monochromati
Initlajlly the michelson interferometer is set for cir

v be the thickness of the air film between two mirrors an

A T N—
2t+—2-= n,l-—-———-——'(l) - ﬂ\(,)/o)ws c

c source of Light:-
cular fringes with central bright spot. If

d 'n' be the order of the spot obtained,

n for the normal incidence (r=0),

the
A 1 ‘\th - ot
If, now M is moved 5 away from Mj, then (n+1) bright spot appears at the centre of
the field. Let N be the number of fringes that cross the- centre of field when the mirror Ml |s
then : =3

moved from initial position X to a final position X2

A .
2

— NA =2(-’<2"-"1)




______________ e st
at for clreular fringes. Let the m

nmmﬂlm Ir &
e gach other, A

Ich are very close LO The: two
ff’z) wh Wav&l

itas A and
jcolly colncl

) pmcl ’
moved In 8Y

mum lnten""lY

1 ,,..-,'
“ nltlnlly michelton f”* fe
nva'““ﬂllm say Ay and A2 ( 1

nee uuttmns It

Ay are very c lose to each other ang thi N
Ckp

fo
rm tlmlrunpnrnlu frl der, a9 the mirror M is moved slow
/Iy,
th&

attorn maximum
wo patte ch a way that, maximu Inteng;t
Y (b

(br!ght) corresponds to Ay . Th Fie
e DOSI‘

alr fllm |1y small, the t

F

]

|

; [}
| Patterns separated. further mirror M|
|

| Io colncldes with the max!

such a way that »'%
Further Mirror M ; right of

corrasponds to 4 e moved In

i mirror M s noted as X

) bright of A2

colncldes with (n+1
( Let x[xz -x,] be the effective
dlstar

¢ S x ’
| now, the position of mirror M) i noted as X2
}‘ between mirrors M) & M) Then

i

;‘ ' 2x = nAy -—-—-—“""""'—'(]) &

?

: 2x=-(n+l)/74-———"‘"""(2)

;{ fromeq'n (1) =
r

fromeq'n (2) =

(nt1)=22 ———(%)

4)-3)=
n+1 —n=£—-2-{
R e e i
]=2xﬁ-—2x112 . | : j"
M e '
= 2x(4~4p) = My

2x "
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‘ e ight:- (Cosine :
13). Oblique incidence of a plane wave on a thin film dqe to "Eﬂgfg-q-l—lg—— = ___lla\w\)

R,
'y H
t

- c': Y _p,

Let GH and G| H; be the two surfaces of Transparent film of uniform thickness 't' ang
Refractive index ' 4 as shown in fig. Suppose a ray AB of monochromatic light is incident on

it ..
r:ﬂle-lpt?er surface.-This ray is partly reflected along BR; and refracted along BC. After one
ction at 'C', we obtain the ray CD. After refraction at D, the ray finally emerges out along

DR, in air. Obyi - ' gl
2 I &ir. Obviously DR, is parallel to BR, inorder to calculate thetween

t
fe rays, we draw a normal DE on BR;.

—



| mn'mf,‘e.-cnce between thm
2 P ys is
pAL Ilven by

- u(BC+CD)~-BE
s )

ne Al BCF =
fro"

Al

Cosr= il
BC
Cosr b
B
= BC = CD =-———-t_____
Cos r \(2)

rom the ABCF =
BF

Tanr = —
F

= BF =FC Tanr
BF=tTanr &

BD=BF + FD

BD =2BF =2t Tanr

“from the Al® BED —
sini=-—-
BD

=> BE =BDsini

B.E.=2t‘tanr sin i- (3) -
we knov;r that,

_ sini

sinr

= sini = zsinr

hN
S

@
subl| eq'n (4) in eq'n (3)= '
BE=2t tanr;(ysinr")

BE =2ut taq rsiﬁr%—';—(s)

SUbl] eq'ns (2) & (5), ineq'n (1) =



A=ﬂ( T J”Zﬂ‘w‘" Bl
cosr cosr

A= 24 [l—sinzr]

cosr
BT
A= M xcos?r
cosr
A=2utcosr (6)

light (cosine law):.

-This is known as cosine law. .
itte
wave on a thin film due to transm

14) Oblique incidence of a blane

K

' T
to pro
transmitted rays CTj and ET;. Thes:

simultaneous reflection and refraction we obtain two
lulate the path difference between the

Fig. shows the geometry of the transmitted light duce interference pattern. Duet;

er to ca

rays have a constant phase difference. inord
d EP on CT; and we also produce EDin

two transmitted rays, we draw normal CQ on DE an

the backward direction which meets produced CF at I.
The path difference between two transmitted rays is given by

A= p(CD+DE)-CP——(1)

ﬁ*omA_Ie CPE = ST g
Sini=,-g-}—)1&
CE
© " from A CQE =
sinr=—Q£'
o = CE
We know that
sini

St C AT




o cr
M08 o
R D)

= CP=p(QF)——(3)
sub" ea'(2), ineq'n (1) =

- 8= u(CD+DE)~ ()
= U (CD + DQ |- QE)-. ’u(QE)
= #(CD+DQ)

.y

\—Am —(3)



Temporal coherence :- (VIMP)

4 > —
TempOl’a| coherence is thé_m_easwe of th 5 :
== e avera
- f delayed by (coh . - ge correlatiopf between the valueofa w
anq----l-t»ie—l—-'-——"\‘/-'- d by (coherence time) "7 ™ at any pair of ti i.e.itch 'f‘rge
a wave can interfere with itself at different ti"nTé-‘--._-___,_Lnle‘s. e itc aracterizes how well
o It describes thew__‘cqrrela_t_lin between waves observed at different mohénté in time
Pyt e

S - Source 6f1igh{ ,

; PP, —'Two' points on the same -wave
at different moments of time

.S . e p g ?\ »
C - . . ! N, - : o . - .,
sznsnde.r a monochromatic source of light'S! 7and Two points A &P on the-samé& wave as
el own in ﬁg‘: consnder the situation in which the path of wave is extended.'hencé, the phase '
fllffe::nce between B and P, will depend on distance between points ‘Pl and P, and coherence
ength. _ , g T g :
& If the distance between A & Pz'is less than coherence length, then the wave maintains

constant phase difference between A and P, and takes place interference pattern.

& P, s greater than coherence length, then there is no phase

- & _If the distance between R
ges lose sharpness or contrast, -
' N : e

relation as a result interference frin

.

_5_) Spatial coherence :- (IMP) - RTINS : %

If the}phase difference for any two fixed points in a plane normal to the wave

does not vary with time, then the wave is said to exhibit Spatial. coherence.
ibes the correlation betweeh waves at differernt points in space. -

dition for|path- difference etween waves to produce interference’

hropagation ‘

¢ Spatial coherence descr
¢ In general,' it is the con
pattern.
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int of observation as shq
4

s (atomic emitters) and P be a PO

] urce
Let S; and S5 be two 9 between the waves is given by

in fig. Then the path dfffere”ce .
S,P—SP= 2d smé’

o a0 th dir
mission time of an atom is 107" sec. hence the corresponding lengy, il

"in general the €
Cx107. W
. & - To produce interference pattern, the path difference should be less than that C X107,

. _o [in our consideration
& Do dsiA<C X 10 X :
Sy P— 8P =2d s it is valid for Sy & S».
be drawn a part to a position S,.

Now, the source S

en, the path difference becomes (SgP SI ) and- the spat|al coherence becomes poorg

Th
i.e. If the path difference b/w two waves is greater than 'CXIO—Q' the mterferem:e Fringes |
jose sharpness or contrast. - SR i
: ' T

e, i - Al e e i e A€ Nirelada_ NI 'run‘\”;"‘



T e
yVIMP) -

hickness of a Transparent material using Biprism:~ (V===
X e
x 11 /.-——“"':':’ e e y A
X ‘.

Y
The gipris™ ‘5‘3"[3‘3"”"’"3'“t (s:a?n?e used to determine the thickness of a thin sheet of transpar-
rnaterial su('?h ?5 glasss mica etc. When a thin Transparent sheet of thickness 't' and
ent ive index ‘M 1S mtrf)du'ced n the_pa.!ltlh of one of the interfering beams as shown in fig
r‘efle;?e,1ti:'e fringe system is displaced through a constant distance towards the path of the’
Tham,- which the plate is introduced. Now, we consider the path S,P. The length (S;P~1) of
belslpath is travelled in air with the velocity of light C, while the length 't' is travelled in mica

this P2
©yith yelocity ~g-

The time taken by a wave to travel from S 10 p= (S]P—r) N !
&

= S]P—*f‘i-/llf
C ]

E : " i S]P'l'(ﬂ—l)t

i - The palth S; to P is equivalent to an.air path =S P+(u-1)t .

.. The path diffe_rerice at P=S2P—S1P—(y—1)t
2xd

.. The path difference at P=2—;i—(;u—l)r——(l) [ SZP—SIP=T-\

But, we know that, for ;_1”’ maxima

2

The path-difference at £ = na

.frorn eqrns (1) & (2) —



2x,d
D

_l)t — n/l'

NG B

———————e e

N D —nl+(#T

[ Jor n" fringe

. D
= %y == [ A+ (u-1)(]

__[n,1+(# 1),J_Dn,1

g_Dni D Dni
= 1)-

=iS= > (ﬂ ) -
D

== (u-1)t
_2d(#‘)

[T sx

| (#-1)D

(4)

."—ﬁ-n‘-nwul.m't:‘mlﬂr—'r =

Aoy 2] wesirrvle

2xd z;~,,3_(“}
P P

Pﬂﬂj ﬁ/,

]
(3) JEC A /) s
’ . C, o
| A 27
In the absence of the plate (1= 0), the n' maxima =-——""'/;Z N ) F “
- ) g ) ‘*‘:’,-‘;f)rldiv‘ oA
: If 'S' is the displacement of n'” maxlma by lntroduclng the mica, l.hen ¢ 'Df’
v " £

9 o
) (i
9 eret .
t20 ?ﬁ JA)3

(_S,r_; ')’rn — N0
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