Newton's Ring

06 October 2023 18:31

HNewton's Ring -

When o plano-convex fems of Jange focal fength i placed with its convex swiface tn confact
with o plane glow Plate , o thin wedge shaped kilm of ain enclosed between the Qowen Jsuh%ace ok
Qeny ond the uppen Auwnface of the plate. The thicknem of the aiw film &5 olmost zevo of Hhe

Bomt of contact and gradually incveases from Ahe Point of contack outwonds. When viewed by

Plang - convex
- "‘Z~-~+\ . €7L— Newton's Ring
Plane %ﬂq?‘,\_—_g [ - ]
Plote

nejlected monochsomatic ight , o Aystem of concentsic bsight and dank fringen i1 obsewed in HAin }ilm.

These are colled Newton's ’R:na.

Newton's sing are the example of interjenence |ainges of comstant thicknes of ain film stemainy comt.

allong a cincdde with 13 centye of e point of contact , the fringes ane in the fomm of concentric
LLJ
L,

dens of Jcmge sadius, oﬁ cwovatwe . 9t placed on 5"4@ ‘\

an oplically plane glom plate P. The Jems makes contoct

cincles - Tf the contact s Perfect | the centme of the aystem is black-

Expestimental A:hmna@menl v An exporimental setup to {omm

Newton's Hing Shown n ﬁ[gume. Lo 1% o Plano - convex

q a

with the plate ot point €. The light from o monochnomatic

Lo
sownce S 1 gendered panalled by o convex fews Li. The Jlrah% \ - /
[ P ]

s incident on a glam Plate G inclined oF on anglle of us® to

the incident beam . The light ts seflected by +Bis aloss Plate verkically downwands. A pant of the
incdent energy is ejlected by the cuwwed Jwiface of e Lerw Ly and the pant tnaramitred from

the leny s seflected back Jyom he plane suwilace of glows plake . Thia two seflected says



mcaigent C”C‘a‘f LA J"E,Bltkteu Dy e cuowea J)LUTB(XQE_ Oh The  XErnyy L) ana Lhe 'P(U-lt TINAYWITNTTE g Bro'”
the ey is steflected back from the plane Aumch& of glass Plate . Thiz two steflected 3oys
Zn%eﬂgehe and 8‘?\)& Stise to an En{extehente fPQH'enn in He %omm 0)6 cinewllom J'l?htax . Tﬂue_ sings ane

Docalised i the ain film . TRewefone , @ fong focus micoscoPe i forused of C 4o see the Pattern.

Diametess of dank and bstight sings in sreflected Light : PR
A3 shown in gatme, R i the sadius of cwwatuwne of the feny  / / | \\
and A s @by centse of cwwatune . Let F be the Hickney of the ain :‘ TA‘\\ i "
{ilm o o Pont whese Hhe sadiny Co=s, , the sadivy of 1 sing. \\% s"j’[ﬁl
t
The distance AE="TR-1 - ¢ c G

From ARER , we have -
R = 5> + (R-4)*
R = M +R*+ 3*-2Rt
N =aR+ -3* ~ aRF

whene &* s netallec{ecl a» comporied to 2R+ becawre tlﬂm 2 quite thin.

_ A o
* = ©

Now fonn o wedge Shaped film , the optical path diflestence ix given by teflation:-
A=2Utcox(s+d) —@Q)
where of i3 the angle of wedge and x i the angle of sefmaction.
But aince the experimentoll setup i adjwted a0 thad si=o Jom nommal incidence and <« 1
also very amoll . Thesefome cox(m+«) = 1 . Hence,
A= alt —0)
The condition of maxima s given by the ko&&lowina stelation +-
A=kt = (:zn+|)4T —®
wWhene n=0,1,2,---- etc.

Thicknem of n* sfing i3 given by eqr O -



QU = (ansl)d
QR R

= (QH‘)% —06)

Stmifanly knowding the condition fon mintma , we have :-
A =23ut = nd

Again substituting value of & from eq?@ , the <adiun of n™ dwtk Sting iy given by -

Y = Rnd

T —©

Relations ® and @ give the sadii of n™ biight and dak sing sespectively.

Tﬂwekome, the diometeny of bmight and dank $ings ane given by Publing 31,\:’_1%,

Hence,

i = alans) 4R

—0 (Fo_n Batight min%)
> :ﬂ% —® (Fom Dank sting)
Fost “Bsiight siings *
From ef' @, M=1 fosu aln film -
D = 2(M+1)4R
Do o (n+1) —0) Whesie h=0,1,2,-----
wheye h=o0,1,2,---etc & an Zn":eaeﬂ -Tﬁeneto_'ne_ (2n+1) s an odd numbes. TRuw He

diametens of bxight Stings are pnoporkonal {o the aquane soots of odd numbens.

The diametenn of the fimst few bright stings & tn the satio

DDyt Ds-Dy = L:J3 5
= 1 1.4732 : 2.236 :2.64
The seporation belween succemive baright singt one i e siakio

0-132 : 0-504 : 0.4l0

Thws the vinges get closen with incnease tn tRein oxden-



Fos Dostk stings :-
Fiom g’ @, 4=1 for aln film -

Dn = UndR

Do o {1 e (8 whote h=0Q,1,2,.----

When n=0, the diametesr of the dork sing i zeno . Therefose the centme iz dank-
Howeverr , whille counbing the onder of the dark stings , tPe centsal sing 2 not counted
and we take n=1,2,3,----etc. Thw the diametens of dank ings ane Pnopoxtional +o
the Aquare s100ts of wnatwial numbens.

The Aepevation of finst few dark stings in the sabio.

DEBRED D = LidT v I3
e L T T T e O
The seporation between Auccenive dank sings ane in the sakio
O-Yyly : 0-318 :0-268
Thus the spacing between comsecutive dank {singes also decrieares with increme in

thein ondes.

4 Detesmination of wavelength of Sodium Lignt and efenackive tndex of a Liquid by Newton's Rings :
Diametes of the n® dank sting in Newton's sting expestiment 18 given by i~

R

Fos1 Q. E?ﬂm of ain enclosed between the plate and les | M=1

Di = YndR —®

Stmidlonfy , the diameten of Ln)rP)w‘ Hing i3 given by -

Darp = H(n+P)dR )

Differtence of €¢" @ and @ gwer -



Dy ~ Do = UPAR

— ’D‘pr _‘D:
1 4PR @

Howevent , the xame stesult shald be obtained by using elakion giving the diameter of
(it byright faringe.

If medium of Fhe wedge §ilm between the lens and Plate has sefractive Index 4,
then the valw of 4 i3 gien by +he folowing elation -

I e Ry ) L
upPR ©®

whese D and Do are Hhe diamelers of (n+0)™ and n* Sting with the film of the medium
of sefnackive index L. Howeven , if the wavelength of the light and the expoiimental Aekup

B game then dividing 4" @ by ® . we get -

_;‘_& - 'D:w _D:
’I)'ni;ﬂ _"Dln1

# Newton's sing by white Light -

The expestions foss the diametens of the stings show dhat Fhe squones of diametens are
Propontional Fo e wavelength . We know that the wavelengty of sted dn s the Longest and
Hat of violet dy i the amallest. ']'Eemkm‘la the diameten of violet sing of the aame omden @l
be amollest and Hhad of the sted will be the laxgest . TRe diametess of the same ondex fon
othen collons shall occupy the intermediate positiony . Thwy the Newton's m?na system @it mekﬂec’red
white light i@ have centsre plack ensiched by mixed collowns fyom violet 4o sted . Uldimately
it Jeads o wifosm lumination due to ovexllapping of colouns - The ovenlapping of collowns

occuns o Hack £‘..me-



# Newton's sting by tsransmitted Jight

A
While discusming the fosmation of Newton's stings by steflection , we B
see that T, T e the trammitted siays . These siays intexfere to give /
Newlon's siing pattesn by tranymitted Qight - 9n this care since no /] P

G
\-

T

seflection takes place {vom the densen medium , hence no additionol poth \

[l
change of i on phase change of 7 taker Place. Evidentldy , ox olseady
mentioned , the conditions fo maxima and minima shall be severze In thir care of seflection

The path dijlexence fom madima 1 a ‘%OQ.QDLOSB -

A =3A4F = njd (Fo:n max'lma)

N=aut =@n+1)d ( Fost minima)
2

wheve the tevms have the wwal meaning . Thete condilions show that of e point of contact of
the Qeny and plate, a boight sing is fosimed ax A=0 jox t=0 at tRis Point and it satislies the
condition of a maxima. Tn this way we note that the ceflected and txarmitted sting patternmy ane
complementosy . The pants which aste byight in sieflected pattenn are dank &n the tramsmitted one
and vice vesso- The wavelength can be determined n the same way ok in cate of teflection Pattern

but it 5 not common and convenient , becauge the 1ings in tsianymited il?r;h{ are pooed in (ontHasd.

Diameten of dank and bsiight stings in tstangmitted Jight i- I

, A
Az shown in E?awne, R is the adius of cuwwatune of the lems / b
! \
!

A :
and A I L3 centse of cwwotuwne . Let & be the Hicknew of w1 r'\
% (R-4)
AY

{ilm of o Pont whene Hhe sadiwy Co=s, , the sadivy of n sing.

% e
TRe distance AE=R-+ -

g c q

From AREB , we have :-
R* = mp + (R-2)*

R = A, +R*+ 3% - 2Rt



N> = 3R -4 ~ 2R
whene 3 13 neglected ar compared to 2R+ becawe fUm 18 quite thin.

— e _
* = ©

Now fon o wedge Shaped film , the optical path difjestence 15 given by sellation:-
A=2urcoy(s+d) —@Q)
where of 15 the angle of wedge and 2 iy the angle of mefmaction.
But Aince the experimental setup s adjwted o thad s=0 jon nosmal incidence and < 1
also very amoll. ‘rﬁexetom cop (:+2) = 1 . Hence,
p=aux —Q@
The condition of maxima. is gien by the folowing selation :-
A=23ut = nd —®
wWhexe n=0,1,2,---- etc.

Thicknem ot nth sing i3 gluen by eqr @ -

__'\—&‘1‘1312L :nrl
QR
1 4R
2= DR —

S‘Im‘lﬂanﬂy . Imodma Hhe condition fon  minima ; we have :-
A=2alt = (n+l) 4
+ (n+) -

Thickness of n* sing i glven by eqr O -

QU = (Qnt))d
AR R
oy = (Q““)% —©®

Relotions ® and @ give the sadii of nth bwight and dank sting fxeapecjr?veﬂy.
Tﬂme_kome_, the diameteny of bmight and dank Sings  are given by Putting 31,;%:,

Hence,

‘ Dy = a(an+)dR_ ‘ e (Fo:l Das k 31‘m3)




Hence,

Dy = a(anﬂ)_r%

—0 (FOJ’I Dast k ming)
Do = L'”L,R ,_ ( Fos me‘u‘a\l‘\i afn%)
Fost Dank  sings *
Friom e @, M=1 fos aim grlm -
Dn = 2(n+1)dR
D o (2n+1) —© whete =013, - ----
where n=0,1,2,---etc s an infegen - Therefose (an+1) U3 an odd number. Thw dHe

diametens of bxight Sings axe psopovkionad do the quane soots of odd numbens.

The diameten of the Jisst few dotk stings &3 in the satio

DDt Ds>Dy = 1:J3 =5

= 1:1.1732 : 2.23€ : 2.646

The aeporation between uccemive dank stngs ane n e sakio
0-132 : ©-50Y4 : 0.4lo

Thw the {minges get closen with incvease ™ Hein oxden

Fost Buight otings :-
Friom eq'(®), MH=1 fon ais grlm -

rD:-\ = UndR

Dn o N —0

wWheye h=0Q,1,2,-----

When n=0, the diametey of the Bagn sing L Zewo . Therejose the centme i3 dank .
Howevess , whille counting the oxdenr of the bight stings , the centsull sing tr not counted

and we take n=1,2,3,-___etc. Thun the diametenr of boight tings are proposttionall to
the Aquane soots of natwiol numbexs.



The Aepevation of finat few bigd- cings In the satio.
B2V Di =% 148 3438
= of sedayiy s e 9.
The sepormation between succenive bright ot ane in e sakio
O-yly : 0-318 :0.268
Thus the spacing between comsecutive hyight f3inges also decearer with increme

thein ondex.
¥ Newton's RingA with both Jsun}sucu cwwed -

Cose -T i- Lowen swiface concave :-
Let w considen +wo cunved J;umhcncex of Hadii of
cunvotune R, and R, in contact af point C. A thin

ai s Eim in enclosed between the Aunfaces - The boight

and dank sings ane fonmed and can be viewed with o

trovellling microscope. Comider a Newtons sing of i

I

sadiug o, where He b‘?lm Hickneoy x & ot pont B s '
AR =4 =AA'-A'B

From geome{m7 i

(_ S I Y
ﬂﬂ — Q‘R. Qﬂd PIB ——Q‘—;t'
then 3 o )
P e
% [-’E’R. 2’R1:| @

For nosimal fincidence and thin §iim He path &:%Lmeme neduces to He ko!l‘lomiv\fa komm aften

-JEQb%Jt'lquJﬁ\f\a the value Ols & t‘nom eq/“@‘.



Fost moxima. n sreflected pattesns ,

We know that the path diffenence given above should sokisly the condibion
#m%}:;__l_] _ (an+)4

R R 2
1 _ (@n+1)4
! 2#[; -
’Rl /Ra_
TIn tevms of diometen Do=2%, = St = ’D; , we have -
Da _ _(an+))d

B LA

2 Q(QY\+I)A

DF = 3nt)d

422

/D7— — 2(n+1) AR R
n
J‘{(/Ra'le)

Fost minima. tn seflected pattesns ,

We know that the path diffenence given above should satisfy the condition

Pl 1| =
Y9y [’R /F?J nd

Tn tevms of diometerr Do=2%1, = 9 =D we have -

n
2

7

Da  _ hd
4 11

u[’R. /Rz.]

rD:- — YUni
Ao

[’R. ’R,,]

/DL L‘nerFRL
A ‘M(/RAJR&




Case -T i- Lowern swiface convex :-
Let wn consider +wo cunved Au.nhnceh of Sadii of
cwvature R and Ry in contact af point C. A thin

ai s [S‘ilm s enclozed between the Aunfjaces - The bight

and dank ings ane konmed and can be viewed with

{"o—aueﬂ‘tna micvoscope. Comider o Newtor's 3ing of

sadiug 1, where Hhe fillm Hicknow i & of point B s
AB =4 = AB + BA'

From geome{hy ¥

AB = 31"1 = _91;_
R, and Ly R,
‘H)-en 5 "
H Hy
Id == A=l i S——
{:a?. * 2’RJ 0

Foxt nosmad incidence and thin }idm , e path difference  sneducer to Hhe jolowsing fonm alter

substituting the value of & fyom eqn @ :

8

A= aut = Qu{.ﬁ.n_ -f—i:i__:l

2R, ARy
e 2 92
& [ ’RI ’Rz J @

Foy moxima. in mehﬁec’ce& pattesins |,

We know thak the path diffesence given above hould .Aajc?.gty e condition
Eh [_r_+|_] = (ansD4

® R %
31: — @n+1)4
2M| |

Sk b

[ 4]

In terms ot diometes D=4, = = ’D; , we have -

Do _ _ (an+)d
LIi nl.rl s 7




fDnl — (QY\ +|)/~|
T

42 e )

D = 2@+ AR R
n
U(R+R,)

,D:. _ L+ d

Fost minima, Tn sieflected patterns
We know thak the path diffenence given above xhould Au{hsky the condition

Y2 [;.FI_] = nd

R R
2 hA
H, = "
NI
EaEd
TIn terms ot diametest Dn= Wy = Hy=Dn , we have -
2
Dn _ nA
4 | |
Uz 1?;]
2 n
D = Lil 4
4 [— + L
R, Ra
/DL — Yn A P|?L
A U (R, +R,)
Ex. 23. In Newton’s rings experiment the diameters of the n'® and (n + 14/*
rings are 4.2 mm and 7.0 mm respectively. Radius cf curvature of plano-convex
lefs_;sl m. Calculate wavelength of light.
Gven Datn:-
2 2 _—
q'—ormuﬂo B 4d = rDh+"-| - rDy, ,D -3
— BT g =1 X106 °m
Dy = waxigim
E— I
A= P 4

R=1Im




Ex. 24. A convex lens of 350 cm placed on a flat plate and illuminated by

monochromatic light gave the 6% bright ring of diameter 0.68 cm. Calculate
the wavelength of light used.

] Q?vew Date -~
_Sof". D= ARntDA = 350cm
R n= 6§
,DVI = O'egcw)
A=

Ex., 25. A Newton’s rings arrangement is used with a solfrce emitting two
w:;;ele';gths M=6x 107 m and Ay =4.8X 10-7 m and it is found that pth
dark ring of Ay coincides with (n + th dark ring of bz If mdfus of curvature
of lens is 0.6 m; then find the common diameter of these two rings.

=1
_A.\
z
le = anﬂ
g = qcm)fg{

C(?VQV\ e

d;= 6x15"m
d, = YBxI0'm
B = Q'6m

D, = Und B = Uxyx (leoq)XLO'G)

$7.6 X 10 ' m*
Dn?, = Ywt) . = Ux$ x (u.8x|0‘7) x 04

> D= WM = 2.4x10° m

= Q-H M

Ex. 26. In a Newton’s ring experiment, the diameter of 5th dark ring is reduced

to half of its value on introducing a liquid below the convex surface. Calculate
the refractive index of liquid.

D — tndR ——@ n= 1"
wn

R
-




eriment, the diameters of the 4" and 12" dark

ton’s ring exp
Ex. 28. In Newto ectively. Find the diameter of the 20"

rings are 0.400 cm and 0.700 cm. resp

dark ring. 211 - ameeawnc of diametere of n Newtan’s rinos is oiven
= |2
y{f | A= M
1 bYp R
L
d = @'7“) - (O-thm) .
Yx 8 xR D, = Y(z0)d R

A =00103L .2 D= 4 (20) M}E/
S

R
20 —_\W cm

/Dlo = 0'9 tn

Ex. 29. When Newton’s rings are formed with a wavelength 6 x 107° cm in air,
the difference between the diameters of the successive rings is found to be 0.125

em?. Discuss the changes when (a) the wavelength of light is changed to 4.5 x

10°%cem, () a liquid of n = 1.33 (water) is introduced between the lens and the
plate, (c) the radius of curvature of the lens is doubled and halved.

. ——> Ghvew
ny anz = YAk = 0o.1Ry —

DS - D = AR ’@

D

0:135~ p i d'= 45x 107 em
Dr =D
St
— —
Dy, — D = uir =0T —O Drade
/

() =D



Ex. 30. Two plano-convex lenses, each of radius of curvature 100 cm, are
placed with their curved surfaces in contact with each other. Newton’s rings
are formed by using a light of wavelength 6 x 1075 ¢m. Find the distance
between 10" and 20* rings.

<

]
1
T

r g

AN, = |[MAdRR 5
(R +722) A=6x10> Ch—

/]21:21_ = }O_OCM

., = {oxo’yl0~s_({"°))_
2 5o
Nope =Ny =
T, = 20x 6x15-S (lo0) =
2 s>

Ex. 81, A convex surface of radius of curvature 1 m. rests on a concave surface
of radius of curvature of 2 m. Find difference in squares of diameters of succey.
sive (a) bright and (b) dark rings for wavelength 6.0 x 107 em.

/Df\l; - varL — .P
jRagt™ ’B«n‘;tf'
—

Ex. 32. In Neu')ton's ring experiment, the diameter of the third dark ring is~3.2
mm, when a light of wavelength 589 nm is used. Determine the radius of the

surface of the lenS_. (Amity B. Tech. 2004)

D = YnlR

R=_ D"
YnAi




Ex, 83.1 % i
n a Newton’s ring arrangement, if @ drop of water | p =% be placed

in b

:)’.16 :;tu‘gz t:z}?e l;"s and the plate, the diameter of the 10" ring is found to be

slote IThe in the radius of curvature of the face of the lens in contact with the
ate. The wavelength of light used is 6000 A. (Amity B. Tech. 2005)

/D’)— - bn AR
! N

Ex. 84. In Newton’s rings experiment, the diameter of the 15 ring was found
to be 0.617 cm and that of the 5t ring was 0.341 cm. If the radius of curvature

of the plano-convex lens is 100 cm, compute the wavelength of light used.
(Amity B. Tech. 2007)




