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- SYLLABUS
B.Sc., First Year, SEMESTER - 1
For Mathematics Combinations

‘ (2020-21 Batch onwards)
PHYSICS : 11 Semester
Course-II : WAVE OPTICS

CUNIT - I Interference of light

[ntroduction, Conditions for mterference of light Interference of light by division of wave front and ampli-

tude, Phase change on reflection-Stokes' treatiment, Lioyd's single mirror, Interference in thin films : Plane

parallel and wedge-shapéd films, colours in thin films, Newton's rings in reflected light-Theory and experi-
~ ment, Determination of wavelength -

UNIT - IT Diffraction of light

Introduction, Types of diffraction : Fresnel and Fraunhoffer diffractions, Distinction between Fresnel and
Fraunhoffer diffraction, Fraunhoffer difffaction at a single slit, planc diffraction grating, Determination of
wavelength of light using diffraction grating, Resolving power of grating. Fresnel's half period zones,
EJ\‘Tpl aration of rectilinear propagation of I ght, Zone plate, comparisen of zone plate with convex lens.

UNIT - 111 Polarization of light

Polarized light : Methods of production of plaﬁe polarized lfght, Doublé refraction, Brewster's law, Malus law,
Nicol prism, Nicol prism as polarizer and analyzer, Quarter wave plate, Half'wave plate, Plane, Ci rcularlyand

Elliptically polarized light production and detection, Optical activity, Laurent's halfshade polarimeter : deter-
mination of specific rotation, Basic principle of LCDs, ' ~ @

UNIT - IV Aberrations and Fibre Optics

Monochromatic aberrations, S pherical aberration, Methods of minimizin gspherical aberration, Coma, Asti g-

matism-and Curvature of field, Distortion : Chromatic aberration -the achromatic doublet :Achromatism for

two lenses i) in contact and ii) separated by a distance. 3 :

Fibre optics : Introduction to Fibers, different types of fibers, rays and modes in an optical fiber, Principles o

fiber communication (qualitative treatment only), Advantages of fiber optic communication, o )
UNIT - V. Lasers and Holography - b .

Lasers : Introduction, Spontaneous emission, stimutated 'cmission,'Popula'ti'on‘Im}crsion,‘Lascr princiﬁle,
Einstein coefficients. Types of lasers-He-Ne laser : Ruby laser, Applications of lasers ; Holography : Basic
principle of holography, Applications of holography. - - _— : ' x

' PHYSICS (WAVE OPTICS) PRACTICALS

*.Minimum of 6 experiments to be done and recorded

Determination of radius of curvature of a given convex lens-Néwton's rﬁlgs.

. Resolving power of grating. ' '

. Study of optical rotation - pb]an'meter.

. Dispersive power of a prism. - . _
Determination of wavelength of light Lismg diffraction grating-minimum deviation method.
Determination of wavelength of light using diffraction grating-normal incidence method.
_Resolvihg power ofatelescope. ' -

Refractive index ofa liquid-hallow prism,

Determination of thickness of a thin wire by wedge method-
Determination of refractive index of liquid-Boy's method,

SO ®NTL A WL~
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8
- SHORT ANSWER QUESTIONS

1. Whatis polarisation of Light? Explain plane ofvibration and plane of'_lmlﬂfisa“‘m‘

' : Sem-2, Physi
Study Material : _ycﬂfjs

2. State and prove Brewster’s Law.
. 8. Law of Malus. _
4, Explain Huygen’s theory of double refraction.
5. Explain Quarter wave and half wave plates ?
UNIT - 1V : ABBERATIONS AND FIBRE OPTICS
LONGAN SWER QUEST[ONS :

. 'Whatismeant by sphcrica! aberration ? Explain how we minimized the spherical : aberration?

State and explain chromatic 'lberrauon and derive equ'mou for lon g]tud1ml chromatic 'tberrallon

2

Explain the defccl“CUma” inalens. Howisitreduced? % ' /

What is an Optical fibre ? Describe construction and working prmmple of Optical Flbrc

ook W

Explain the system for fibre optics comruhication ?

"SHORT ANSWER QUESTIONS

Write a notg on “Aqtl gmatlmn

—
H

Explain about curvature ?(or) Write a 5hort note on Curvature ?
Write a short note on distortion ? g

How is the chmmatlc aberration mmlmlsed in achromatu. do'ublet’f’

Sﬂ.hw.w

Deri ive the condmon for mmlmum chromatic aber: mtion when fwo lenses made up of same materlal are co-
axially sepamted by a distanced.. -

6. Explain the types of optical fibres ? -

7. Explain Ray and optic representation ofoptwal fibre . - & o o o el

8. What are the appllcatlons of Fibre optics?

UNIT - v: LASERS AND HOLOGRAPHY
o LONGANbWERQUESTIONS

Derive ther clation between Elnstem couﬂicxcn[s

Describe the construction and working of Ruby Laser ?

N

Describe the construction and working of He—Ne laser 2

W

. Write an cssay on Holography N

SHORT ANSWER QUESTIONS

L. State and explam spontancous and stimulated ¢ cmlssmn of admlon

FeY

Dlslmgulsh between spontancous and- stlmulatcd emission.
Give a brief note on Population inversion.

“Explain the principle of Laser ?

LA W

Whatare the applications of Laser?
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UNIT - I
“IN TERFERENCE OF LIGHT

LONGANSWER QUESTIONS

Q. 1. Describe Fresnel's biprism meﬂwd Jor producing interfer ence Sfinger and deter fm.'uug the
wavelength of light ?

Ans : Fresnel’s experimental ar rangement consists of an optical bench carrying three or fouir
* stands, the first for an adjustable slit, second for bi-prism and the third for a micrometer eye-piece. These

stands can be moved along and as well as in lateral directions.

Abiprism s having two yacute base angles !

and the abtuse angle of the prism is about 179, Sodium | ‘ U L

The action of biprism is to produce two coherent Jdight _ E E

~virtual sources of light from single source of G - e

light. - g * S - Slit Biprisrﬁ‘ Lens - Eye-piece
The slit is illuminated by monochromatic light. ' ’

This light from slit falls on the bi-prism. At the

biprism the beam is-divided into two coherent beams. :

They appear as if they are coming from two: wvirtual Iriterferenee '

sources S, and S,. Thus S, and S, act as coherent SRSty

sources and the dlstance between 1hem is ‘2d’. The- . — Screen(eye-piece)

interference fringes are obtained. in the overlaping

_Fig,

region and can be seen by eye- -piece. Proper

adjustments are done f01 clear and sustamed :

interference pattern. s SRV P s T L ' ,
B.2d

The wavelength,_k can be detef‘rrﬁned by the following formula, = W

When the eye—picce is at a d1stance D correspondlntr bandw1dth is B Sm'ularly when the eye-piece is at -
D fhebandmdthlsﬁ 4 i 4 s [V -

Then A=222
D,

By.2d

A=
D,

From the above equations,
2 : Qd(ﬁz *ﬁt)
(Dz _le) ' _ | ‘ | .
In order to determine the‘ wave]ength of light, the following measurements are made.
To measure bandwidth (B, & B,) : The vertical cross wire of the eye-piece is adjusted on any

bright frmge and the reading on the scale of eyepiece. R, is noted. The eye-piece screw is slowly rotated so
- that N-number of fringes cross the veltlcal wire and agam scale readng is noted. Now the width of each
band B—R—% is calculated. In this way the eye-piece 1s plaeed at a distance D and correSPondmg'
bandwidth B, is calculated. Agam the eye- pIECE is moved to the second position D, and the bandwndth B,
s calculated. .
]

o . _1
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+ - is given by

Study Material, 10

- ! S : is used
' 2d’ ¢ Lens displacement method is us
- To measure the value of ‘2d’ : Lens displac ¢ and the eye-picce is fixed. A convex leng

between two coherent sources, 2d. The distance between the source, -
: . . " no

of focal-length, /i placed between biprism and the eye-picee. The positio

clear and magnified images of §,‘and S, are seen in the: gye-piece. -
~ The distance between the images of S, and S is measured as d, in th

d; v
Then, —=—
u

2d

. Fig. :
_ Now the lens is moved to the second conjugate. position. Again we see
~ and S, in the eye-piece. The distance between them is measured as'd, in the eye-piece.

dy W . 33
2 N
“Then —S=— -2 . 5
2d- v it
r

Erom ) 'ar;d (2) i

2d=Jdd,

==

Sem-2, Physicg -
to measure the distance

f the lens is adjusted so that

eye—piece.

the diminished images of S,

—-(2)

Substituting the vafues of2d, B, B,, D, and D, in the formula, wavelength of given monochromafic source

.can-be determined. .

Q. 2. Describe Newton ring’s experiment and. explain how to gnea.-snr'e-_waveléngﬂz of given: light

. Ans : When a convex lens of large radius of curvature is

placed on a plane glass plate, an air film is

formed between the upper surface of the plate and the lower surface of the lens. If this film is illuminated
bya monochromatic light falling normally to the film then a system of alternate bright and dark concentric -
rings are observed in the reflected light and also in the transmitted light. These rings are‘called Newton’s

rings.

In the experiment to observe Newton’s rings a convex lens L
is kept in contact with the plane glass platc E. The light from a’
monochromatic source S is rendered parallel by a lens L, and is
made’to fall normally on the convex lens with the help’ of a plane’
‘glass plate GG. After passing through the lens the light gets reflected
at the lower surface of the lens L and at the upper surface of the

glass plate E. These two reflected waves interfere with each other
and the interference pattern can be’ observed with a travelling

- microscope M. Since the surface of the lens is spherical, the thickness

of the air film will be constant over a circle whose centre is the point
of contact and we will obtain concentric dark and bright rings. '

The intensity at. a. point depends upon the path difference t between
the rays reflected f_rqm the upper and lower surfaces of the film at that .
point. Let  be the thickness of the air film at a point. Then the path'difference

/

S

AP
Fig :
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Study Material & - o7 g . 'Sem-2, Physics - - .
B f;\;”s:,lL-V”'ﬂ.vf N e B R,
0= 2nt00?9 . Sk Ao ¥ L SRR e

Smce onc ofthe rcﬂcchon 1&.1tudcmcr mt.dmm E is addcd. For normal-ingidence the angle of refraction. 5 wom

8"Oandfor'tu 11~I
.-.6:-2t'+£
R DR

(At'the ppillt'nf_fionté;;t, {20 ie., ;nfthﬂ ﬁﬁ_iﬁti A'_d'ark'spnt will bt;-fdrjrﬁé(i), 3

If this path diﬁ'efencé & Tt R B, o 8 R R
m+%=mkmt wm Uf53f75ﬁ5m‘ﬂfﬂ; ﬁ _"7
abrlghtlmg 18 formed or 1f 7 ~ . ’
2£+—~='- m+ | S S T

adarklma is f‘ormed e et T

Dnameter of, the rmgs f‘ i ~_;-j ol

Let the radlus of nurvatuu; of the convex sul face PAQ bc R and let f

be the radius of the nng PQ w1th centrc C Lct z bc thc thlckncss of thc a1r
. flm at thls rmg L e e R

Geometnca!ly, g _-
ACXCB PCXCQ

tx(zﬂ—r)—;x:

2Rz—1~ = s

- Astis srnall t can be negl‘ecled . RS R T

2Rt—}

‘,.3
Bl e

2R

* From (2) for a br_ig:hl'r-i;ng. : o

B s Mg

. - H r E b
r* =(2m- T i .

" This g’iye the fadigé;éf the mth'bll"ié'htbr'ing';-l;,_‘:I_‘-. L
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’ .Sem-2, Ph ;
Study Mate;‘ial w12 ysics

The diameter (D, ) of the mth bright ring is given by

R (5
. JZ? LA Em - . )

From (3) for a dark ring

r.r=vRAIm

The diameter (D, ) of the mth dark ring..
= VaRim o | | bl
i.e D, cox m

Thus the dlameters of the dark rings are proportional to then natural numbers.

Wavelength of hght Let D_.and D_be the dlameters of Il’l'[h and nth dark rmg% Then from (6)

D =4 Rhm
Df=4'Rn -

- D3~ D? =4 Ri(m--n)

N

ie. (Dm _Dn' )(p,;?‘m;) L 4R m-n)

D
If D and D, are two consequent brnt,ht bands, then “D -D is the brlght band w1dth and (Ot “) '

gives the dlstance Of the brlght band from the centre.-
ie,D +D = 2D

4R\

- A.'. Band“’idfh, B=Dm ‘_‘Dn = BD_

i.e., 13—721%?L

Thus, as the distance of the band from the centlc D increases, g g
the band width, 3 decreases. : F D*
. 'If we draw a graph between the number of the ring m, on the x= T
axis and square of corresponding ring dlameter D?ona stralght line
‘will be obtained.
n

From the graph, squares of diameters of two rings say D2 y n;? m—s
ig.

_and D"" corresponding to mth and nth rmgs are noted and substituted
in the formula. '

= Df—.Dﬂzl
4(n-m)R

Wavelength of the given monochromatic light soirce can be determined.

s
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Sﬁud_y Material e, : 13 Sem-2, Physics
0. 3. Desciibe the Working principle of Michelson Interferometer and explain its uses.
Ans : Interferometers are the instruments based on the principle of interference. Prof.A.A.Michelson
designed the interfero-meter and used to determine monochromatic wavelength, thickness and refractive
index of thin transparent film, standardisation of meter and so on.

Description :

Head

Scale

Fig. . |

Interferometer consists of two plane mirrors M/ ,and M, a_r‘ran'gec} perfectly perpendicular at distances
_of aandb respectively from semi transparent mirror G. M, i$ fixed while M, can be moved on a vertical
scale. o ; g o N e AR
Compensating glass plate, G’ is parallel to *G”, _T-he interference fringes will be observed through
Tolescope, T, "' 7" M R >

Working : The light from extended source, s falls on the semi silvered mitror G. At G, the incident
- beam gives rise to reflected and transmitted beanis of nearly equal intensity. These two beams incident on
M, and M, mirrors respectively and then get reflected from them. These two beams recombine at G and
. enter the telescope 7. These two beams are coherent and .so produce interference pattern. 'ﬁllc beam is -
reflected from the rear surface of the mirror, G it passes twice through the mirror, G. Thus if the ray
acquires extra optical path. This extra optical path is compensated by the glass plate ‘G placed between G
and M ,. ; ' ' ' )

. When we observe through Telescope, the image A% of mirror M, will be formed parallel to M,
~ Hence the system is optically equivalent to the interference from an air film. ' '

From the orientation of mirrors M , and M, two cases arise.

Case i) When mirrors M , and M, are perfectly perpendicular to each other, there M , and the image
of M, are parallel to each other. The air film between M ; and M} is a untiform film of thickness ? i.e., a ~ _
b=t '_ ' ‘

: The path difference between two beam will be 2 cos 0

For a particular value of ‘0’ , if 2 cos 6 ='n) bright circﬁlar‘ring will be formed. Thus the
interference pattern will be a-concentric circular rings.
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L. in the ﬁeld of v1cw The condltlon for mterfbrenCc 1s

. 'Sem-2, Physics

'
- - ’._,"_.'.a-'-—-_...._"‘ 3
' i ﬁ\""“""‘b\ i, T M
i . ' = AR J- L 1
: - l . s R
O 2t.c08q
A '
: I M, . _
oL ; : -
) LA ; - ,.I-'
"

" Case i) When the mirror M and M aie mclmed, thc air ﬁlm em:loecd is wedge shaped. When the

I_ air filmis a perfect wedge, st:a1ght and parallel interfel ence bands wtll be formed In other positions, the
lﬁmgesarecurved ot AT Ml VR seay e : :

Uses : Mtchelsori mterferometer has been used f'or a vanety of purposes f '

i) Wavelength measurement The mlrrora. M antl M are adjusted 50 that cir culat ﬁmges are seen

2t cos o . or (2n+ IR REE S f : ._ﬁ.: Sk has
The posmon of mitror M is: noted as R When the mlrror M is moved through a chstance A/2, next

mterference spot (Brlght or dark) appears at t.he oentre The rmrror is moved SO that N—bnght or dark spots - :
appear at the centre anﬂ 1ts pbsmon R readmg R,is noted ' : ‘

': \."-_,-.

A '
'.'Thero N.—-—-* R2 "-R‘, =%
.,-ll ‘_ N . it N o = . Lt N Ry g : " . ‘ .

i) Determmatmn of ThlckneSs of Thin film 9 ln the mterferometer cross wn'e is set on bright

 fringe. The given transparert film of thlckness ¢ and refractwe mdex Mis: mserted in-the path of one of

the mterfermg beams, This film i increases the path by 2(}1—1 )t:Asa result, the frmgc patter is shifted. The

‘mitror M, is'oved through a chstance .t 80 that the fringes are brought back to the1r mmal position.

L 2x=2 (p—})t

.'-‘And ttlso, x= N E ,' wh_e;e'N 15 h@,éfﬁiﬁgcs_mﬁ-ﬁﬁ} : _:.5_ L
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Study Material 15 Sem-2, Physics

LX= (- It

i
i

or N% =(p - I)t

From above equations, if p is known, t can be calculated, |, /

iii) Standardisation of meter : The ‘meter’ can be standardised in terms of wavelength of cadmium
red light. The mirror M, is moved through a standard 1 cm and the nuriber of fringes crossing . The field
of view is noted. Arid thus the number of fringes can be estimated for | meter. Thus the meter is standardised.

0. 4. Describe an experimerntal arrangement for caleulating wavelength of light using LIOYd's
mrror ? What are differences between L] oyd's mirror and Fresnel's biprism producing inter-
JSerence finger. ‘ -

Ans ¢+ LIOyd's mirror : The experimental arrangement of LIOyd's mirror is shown in fig.

-. Fig. - -. , Ry
It consists of a plane mirror MN polished on the front surface and blackened at the back to avoid

- multiple reflections. Light from a narrow slot S
allowed to incident on mirror almost at grazing an
which is virtual image of S,. Thus S, and S actast
reflected cone of light PS, B Super impose
lapping region PB of the screen. f

illuminated by a monochromatic source of light, is
gle. The reflected beam appears to diverge from S,, -
wo coherent sources. The direct care of light PS Qand
over each other and prodiices inferference finger in over-
f an optical
unted which
axis parallel to the
epiece. The plane of the mirror is

Determination of wavelength : LIOYd's mirror is mounted vertically on an uplight o
beneh and placed along the length of the bench on another uplight, a narrow vertical slit is mo
is illuminated by a monochromatic'source of light. Now the mirror is rotated aboit an
length of bench until distinct fringes are observed in a micro meter ey
now exactly parallel to the length of the slit. '

The fringe width 3 is medsured by micrometer

sources is measured by displacement method using
is measured by meter scale.

eyepicce. The distance 2d between the two virtual
a convex lens. The distance D between screen and slit

The wave length of monochromatic source of light is calculated by using the following formula

7 ;LD . : Lot e P, i A
ﬂ—zd— L Py |
(r)l=ﬁgd)

Distinction between biprism and LIoyd's mirror finger : 1. In biprism arrangement, the com-

plete pattern of interference fingers is obtained on the other hand, in Lloyd's mirror arrangement ordi- _
narily a few fringe itself being invisible. ' '
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3 6 Sem-2, Physicsg
Study Material . 16

: - . et arraneement s white while th

2. Using a monochromatic light, the central fringe of biprism arrangcl ¢
central fringe of Lloyd's mirror arrangement is dark,

3. The central fringe n biprism is less sharp than in LIOyd's mirrot.

i ;s . A «(ructive interference are reverse

4. Incase of Lloyd's mirror the condition of constructive and deslructive interfe d
than those of biprism experiment due to phase Lh{lﬂ}__,l. of 7 in reflected beam.
all pairs of coherent sources. In Lloyd's

5. In biprism experiment, the fii inge width is the same for
1ce ["rmgc width is

mirror ”llTanbLanl (2d) is different for different pairs ol coher u1[ sources and her
different for different pairs of coherent sources.
6. Using white light, biprism produces a number of limited coloured fringes with central white fringe
while the Lioyd's mirror produces a number of black and white fringes with central dark fringe.
Q. 5.Explain how Interference in thin films formed by reflected and tr ansmitted hght ? Obtain the
condition to fulfill the interference condition for maxima and minima.
(Or)
Deduce the Cosine law for both transmitted and reflected light which forms interference i.n
thin films ? : :
Ans : Cosine law : GH and GH' are the two surfa:ccs of a tmnsparent film of uniform thickness ¢. il

is the refractive index. 4B is the monochromatic light ray. BRis reflected ray and BC is refracted ray. DR,
is the emergent ray.

To find out the effective path difference between the rays BR and DR, draw a normal DE on BR

Path difference = A = W(BC+CD) — BE e B _ ; -___-(1)
From the figure we have h
cosr= cF cosr :
= or —=
BC BC
- .BC=CD-=
proni PR RO (2) H
" Also BD = (BF+FD)
Consider the Ale BFC, _
BF BrF H;
tanr= (or) T=£an r
BF=ttanr
BD =BF + FD=2B =2t tan r{ . BF=FD)
' BE
Consider the Ale BED=—-=gjp ;
- Consider the, BD Sin i
or, BE = BD Sin i
=2ttanrsini
ni
We have, ——=p (or) sin i = u sin r
sinr
o BE =2t tan r (e sinr)
. BE = 2ut tan ¥ sin r L wm 3)
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Study Material 17 ' Sem-2, Physics

From equations (1), (2) and (3) we have

A = p(BC+CD) - BE

2 .
=u —-2ut tanr sin r-
cos r _

2w sin“r  2upp i
= - 2ut—— = = [I—Sin“r]
cosr - cosr cosr
- 2ut-
A=t cos? 1
- cosvr
A=2utcosr - ‘ ' ' e . —-(4)

This is kno_wn as “Cosine law”,

‘ Inte rfen_'_cnce pattern ini the reﬂeptcd ligﬁt : TherayBR is reflected from denser medium. So, it suffers an
abrupt phase change of rt or path difference 1/2. _ ' |
. The cﬂ'e;cti ve _p'lath difference between BR and DR, rays is
A=2ptcosr:!:.l/.’2_' . | |
For bright band,
A=2ptcosrilf2=ﬂl. .
or2pt cost=(2nEt 1) A2 ‘ e _ : “an | ' ;{5)
Similarlyfor darkbend, - i P W g AT
o 21.1!&051‘=117L F S | ‘ T g e L))
~ Thus in the reflected light alternate brig_ht and dark l;a_nds wiil be-_forx.ﬁ_ed‘ -

Interference in the transmitted light :
Due to simultanious reflection and refraction, two : : ‘
transmitted rays CT and ET, will be obtained.. ' /D

: B
From the gedmetry of figure, the path difference between two ‘ i !

'transmitted-rays willbe ' Yo - % 5
A=p(CD+DE)-C, | : \

=2utcosr : ' : h m

If 2t cos r ='ni ' ) : R e M -
Brlight band will be formed.

) }u ! . ) ¥ ¢ )
or 2utcosr :.(2x + 1)5 , o - wnnsf )

Dark band will be formed. From equations (5) ,(6), (.7), (8) of a bright band is formed at the point of ‘
incident of light ray in reflected light, dark band will be formed in the transmitted Ii ght. Thus the interference’
pattern in reflected light is complemeﬁtary to that formed in transmitted light,

o ) ) - . I
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SHORT ANSWER QUESTIONS ‘)
0. I What is meant by Coherence ? Explain abont spatmi and temporal ;""j” e"c;tfi(]]] et
Ans : Coherence : The two sources which maintain zero y constant phase re een
themselves are known as coherent sources. This phenomenon is
Coherence is the basic need for permanent interference pattern.
distribution function when two waves from two sources. So purpose

_ tions at that point are determined by the following two factors.

1. Phase condltlon of two sources and

2.-Phase relation déveloped in their journey towards the super position point.
These are two factors to produce interference i.e. Spatial Cchel ence and temporal Cohierence.
a point of observa-

a) Spatial Cohelence Let S, and S, be two atomic elmttcrs (SOLIICCS) and be

or an
known as ¢oherence.

We have also studied the intensity
ata cer tain point. The phdsc condi-

tion.
The path diffelence (S P- S P) = 2d Sme If lhe path dlffelence (say A) is cqual or less than

CXIO_Q'
S,P-SP=C= 2(15111(9(;;-><10"9

Then the two-sources aresaid -to maintain spatlal cohcrcnce Herc ¢, is velocity of light.

For spat1a1 Coherence

Ar<10 sec

(or) S,P-SP <c><10 e

b) Temporal Cnherence COHSldCl the situation in wh1ch the path of one beam is extended. This
can be done by introducing a transparent shut in’ one path or taking the point of observation at a large
distance. It is observed that if the path difference exceeds the. coherence ¥ =0 t then the interference

finger Iose sharpness or contrast now we say that the beam lack in tempor al coherence

To cbtam a permanent interference pattern. w1lh suff' cient contrast both- spatial coherence and
temporal coherence are necessary. Sl b e
Q. 2.Write the conditions to obtain sustained mterj‘er ence pattern of !:ght 2

- Ans : To obtain a permanent or stationary mterfel ence paltern the condmons are classified into the -
fo]lowmg three parts.

a) Conditions for sustained inter'ferencc

b) Conditions. for observation of the fingers.

.¢) Conditions for good contrast between maxima and minima.

a) Conditions for sustained interference : 1. The two sources should be coherent i.e. they should
vibrate in the same phase or there should be a constant phase difference between them.

2. The two sources must emit continuous waves of the same wave lcngth and tlme per1od

-‘b) Conditions for observatlon :
1. The separation between the two sources (2d) should be small.
2. The distance A between the two sources and screen should be large.
3. The back ground should be dark. ' :
c) Condltmns._-i‘cr good contrast : ;
1. The amplitude of the interfering waves should be equal or near]y equal.
2. The sources must be narrow i.e. they must be extrerncly small.
3. The sources should be mono chromatic.
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Study Material B 1 Sem-2, Physics

0. 3. What is Interference ? Expldhi fypes’of Intcsfcrgncc. ’ :

. Ans : Definition : When two light waves superimpose, then the resultant amplitude in the region
of super-position js diffcrent than the amplitude of individual waves. This modification in the distribution
of intensity in the region of super position-is called "Interference”, -

Types of Ir_ltcrfercn'cc ¢ The' phenomenon of interference is divided into two classes namely|.
Division of wavefront and 2. Division of amplitude. n B

L. Division of wavefront : Tii incident wavefront is divided into two parts by utilising the phe-
nomena of reflection, refraction of diffraction. These two parts of the same wavefront travel unequal
dl.stanccs and reunited at some angle to produce interference bands. The Fresnel Bisprism, Lloyyd's
mirror ete., are the examples of (his class, ' : :

2. Division of amplitude : The amplitude of the inmming beam is divided into two parts either by

paral}el ICﬂCCtion. or refraction. Thege divided pars reunits after traversing different paths and produce
mterference. In this case, 1t 1s not essential to employ a point or a narro line source but a broad li ght source
may be employed to produce bri ghter hands. Newton's rings, Michelson’s interferometer etc., come under
this class. , . ; o R o

0. 4.Discuss ﬂlc.phase] C’fﬂﬂ_gf_-'

on reflection of light from the sirfuce of a Denser Medium? (Stoke's
theorem) . T v g ' '

Ans : According to the pr_in_qilii

L cof réyer'_sibilitybf light, a reflected ray or a refracted ray will retrace
its original path if its direction is rev r

ersed, of course in the absence of any absorption.

Consider a light ray 'ihciden_t on 'an_'_interface of tWo-med'ia of tefractive indices m, and m,.

EROR

BB bl Fig." s

Wheri the li ght. ray is incident from (1) bn“(i) let t_ﬁe '@rﬁplitﬁde reflection and transmission coefficients
be r, and ¢, respectively, Thus, if the.amplitude of the incident ray is a, then the amplitude of the reflected
beam is ar, and the amplitude of the refracted beam is ar,. S ' _

" Now, letus reverse the reﬂgctg:dandj the _;cfré_ct_ed rays, First let the reflected ray of amplitude ar, be
reversed. This is now travelling from medium (1) to (2). Hence the coefficient of the amplitude of the
reflected ray would be o_;rf ~and the coefficient of thp,r"efrac.ted ray would be ar ¢ ”

Next reverse the refracted tay of amplitude at; , Let r, and t; be the coefficiciit of reflection and
transmission when the light ray falls from(2) to (1). :He ce for this ray, the amplitude of the reflected ray
would be at 7, and the amplitude of the refracted ray would be at 1,. '

~ According to the principle of optical reversibility the rays of amplitudes qr? and at L must combine
to give the incident ray of amplitude a. R alF L H S | :

Thus, arf + att,= a

or tI.tg 21';}7"12_ . ’ : I"""(I)
and the two rays of amplitudes art, 'and at,r, must dancgl each other,
Saty, tart =0
DL Sy ¥ R e S )

'

eqn.(2) implies that the two reflection :docﬁ'lciéh't's must be negative. Lioyd’s mirror proved that the
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or to denser medium is negative. Equations(1) and (2)

reflection cocfficient when the ray travels from rarc

are known Stoke § relations. _ | k, }
\ " i . : ol ase reversal takes place:
According to eqn. (2), when a light ray is reflected from denscr medium, phe ) i

0. 5.Explain the formation of colours in thin film ! ?

Ans : When a thin film is exposed to a white light, beautilul colour
¢ forming co

light satisfy the condition for brlj,ht band.

s are.observed, The incident light get

s, At a <1rticular point of
reflected from upper and lower surface of the film, These rays initerfere lov P
the film, for a particular position of the'eye, a particular wavelength of

Thal colour will be seen
Condition for bright band,

2 utcos ¥ =ni

for a phase difference, 8 = —E( 2t cos ?‘) i i b

The observed colour will depend on thickness, angle , r-and pos1t10n of eye. In thin films colours will be
" observed due to formation of Haidinger or isocline ﬁmges fringes of cqual chromatlc order or P izean of fringes,
“of equal tlncl\ncqs .
When a monochromatic 1 ight is mcadent ona wcdgc shaped film, equally %paced dark and bright fringes
* formed. The frin ge width depends upon the wedge angle wavelength of light and the refractive index of the film.
" Instcad of monochromatic light if we use po]ychromatlc light we will obser ve coloured fringes. F urther if instead
of a wedge we have a film of an arbitr ary varying thickness we will again obsurvm, fringes, each fringe rcpresentmg
‘the locus of constant film thickness. This.is. indeed what we see when sun light falls on a soap bubble.
If the optical path difference between the waves reflected from the two surfaces of the film exceeds a few
wavelengths, the interference pattern will be washed out due to the overlapping of interference patterns of many
colours. Thus in order to see the fringes with white light, the film should not be more than few wavelengths thick.

0. 6.Describe how mte:fef ‘ence formed by wedge ~slmped f' Ims and obtain rlre condition for rmture
of Interference. ity
Ans : Consider two plane surfaces GH & G, H
inclined at an angle ¢ and enclosing a wedge shapcd P
air film. The thickness of air film increasing from G to
H as shown in fig.
" Let p be the reflactive index of the matcrml of

this film. This film is illuminated by sodium hght, then
the interference between two systems of says, are re-
flected from the front surface and the other obtained by
internal reflection at the back surface and consequent
transmission at-the first surface takes place from fig the
interfering waves B R and DR, are not parallel but ap- -
pear to diverge from a point S. '

The path difference between these two waves given by
A=y(BC+CD)—BF_ - (v BF = uBE)
= u(BE+EC+CD)- yuBE
= U (EC+CDj—;1EP

=2utcos(r+a) ;- - - (D)

Due to reflection an additional phase difference is introduced i.e. 1 /2
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SA=2u cos(r+a)i-/1f2

....... (2] ¢
For constructive interference A = nA
2ut Cos (r+ )+ Af2=nA
20t Cos (r+a)=(2n+ HA/2 i 3)
For destructive interference
A=(2n¥1)A)2
Zutcos(r+a) £ A/2=(2n+1) A2 |
' 2ut cos (r+a)=ni o ven(4)

Wherén=0,1,23...

Nature of interference pattern : When llght is 1I!ummatmg [he [ilm is parallel then i is constant
- everywhere and so is r, the angle of reflaction. If the light is mortochromatic, the path change will occur

only due to 't'. In the case of a wedge shaped film, t remains constant only in direction parallel to the thin
edge of wedge llence the straight fringes parallel to the edge of the- wedge are obtained.

Thus bright or dark fringes are obtained here as the condition of the thickness t is satisfied according
to equations (3) and (4) respectively, :

-Spacing bctween two consecunve brlght bands
For n* maxima, we have
2,ur cos (r+a)=(2n+1)1/2
For normal incidence and air film
r=0and g =1
2tcos @ =2n+l) 172

‘Let this band be obtamed at a dlstance X from the | ’
thin edge as shown in fig. o

. Fromfig . . : Bhikerd ko
- t=X tang = " - segun(B)
'lFromeanS&ﬁ | - o '
2x tan o Cos ¢ *(2n+l) Al2:

2x Sin g = (2n+l) A2 S (7) r

If the (n+1)th maximum is obtained at a dlstance X,., from the thin edge

o Siwars [2(n+1)+1],1/2

n+1

=Ln+3ar2 L 8) .
Subtracting equations 8 from 7 “'r'c_- get $ )
2(x,,,—x)Sina = /'L

Spacing ﬂ =X, -
__A &
28ina 2a.
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i : ey NG LA e ndent of n all bright frin
Where & is small and measure in radians. As the fringe widthis mdcpenlclen | g ges
are equally spaced. ' - : PR
0. 7.Explain Non reflecting films nsing neat sketch.
Ans : Let us consider a ray of light travelling in a medium of refr v
normally on a substance of refractive index ( (say glass). Let /be _thc. Ilnlt.ﬂblty 0.
intensity of reflected light. Then according to Fresnel's equations.

et I\ gy + 4 & FUPL R gl |
For air-glass surface (p, = I and i = i.'S);,lr / l,'¥ 4:%'..‘This gi\}es that on’ly 9{3% of the incident
. ' caimera lenses etc., a

h.a clive index ((say air) is incident
; fincident light and 7 the

light is transmitted. In optical instruments such as compound microscope, telescope, -
combination of lenses is employed: When the light enters the optical instrument at the glass alr_mterfacg
light is Tost by reflection. At a single reflection about 4% of the incident light is lost. In the achromatic
objective of the telescope is made of four lenses (light surfaces); about 30% of the incident light is
réflected and only about 70% is transmitted. Thésg' rcﬂec_ﬁidriilosses are undersirable especially under low ,
intensity conditions. e ¥ CRNETTE '
In order to reduce the reflection loss from the surface, a
transparent film of proper thickness, is deposited on tlie surface.
This film is known as non reflecting film.. This discovery.was
made by German Physicist Alexander Smakula. The best coated
material known is magnesium fluoride MgF, because its refractive. .
index (1.38) lies between those of air and glass. In general the -

thickness of the coating material should:be A-lflk:t ‘where 2-is 7 s 51 7
the wavelength of light used and f is the refractive index of the /// S // //
coated material. ‘ Tl # N AR =

Letus considér that a normal ray: of _light" 1°. iﬁcid'ent _'o't‘fthc film of MgF_, égatf_:d on glass. This ray is
reflected from the upper surface as well as from the lower surface of MgF',. These reflected rays interfere
with each other. The path difference is 2 u t where r.is the thickness of the film. It should be remembered
 that at these two reflections phase reversal takes plafée.-éf), if path"differgnpe'is equalto (2n+ 1) % , where
n=0, 1,2, 3.... destructive interference will :t'z-lke pl.ace. ér;d ff‘)r'.l_l.“—f 0 we have :

of " _ _ _ .
2#[ = Ll=—
2 4u

; So the thickness of the film must be Z,/ dp. K . |
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_ SOLVED PROBLEMS
Q.1. Two narrow and parallel slits 1 mm

formed on the screeﬁ held
wavelength of the light.

a part are illuminated by monochromatic light. Fringes
at a distance of 100 cm from the slits are 0.5 mm a part. Calculate the

Solution : Given that - D=100cm

2d=Imm=0.1em - B=0.05em
Wavelength, A= b ;Jd
0. 0.1 v
wh= _Q}%_ =5x10%em  =50004U.

Q.2. Light passes through narrow slits with a separation of 0.4 mm. On a screen 1.6 m away. The distance

between two second order fnaximn is 2.5 mm. Calculate the wavelengthoof light used.

Solution:  Given'that  B=0.25cm2d= 0.04em - D=lGem
4 2 g
- Wavelength, A = fixizd
° - 5 o ' -
=200 o 16 em = 6250 AU,

Q. 3 In bi—prism experiment interference fringes of width 0.0149c¢m are 6bserve_d at adistance of 50 cm from
the slits. The separation between the two images obtained for the two positions of the convex lens are
10.33 mm and 0.43 mm respectively: Calculate the wavelength. : -

Solution: .  Given that di=1.033 cnr ; d,=0:043 cm
: D=50cm;B'=0.0149 cm =
= The distance_ between two coherent slits,

2d=\Jdd, =JI033%0043 =0.21cm - |

Bx2d ' _021x00149 o o ¢

Wavelength, A = P e = (il =6:258x 107 cm ="6258AU.

. T _D : 50 ; ! s

Q.4.  Fresnel Bi—prism angle is 7° and refractive ih_de:;,
distance of 80 cm from the prism. The distance betwe

of light is 5000AU. Find the fringe width.

L.5 forms interference fringes on the screen at a
en the prism and the slit is 30 cms, The wavelength

~ Solution : Given that . A= ad=30cm
: D=30+80=110cm

a=30cm

2a(u-NAxm, .

Distance between two coherent sources, 2d = e

_ 2x30(05)3.14

i2d =0.623cm
180. .

- _ AD_5x1075x110 _—
Band w1dt§, B= i T oim - Q.OIOS cm o
Q.5. 20 fringes are displaced when a thin glass plate of refractive index 1.5 is introduced in one of the
interfering beam. Find its thickness. (wavelengfh of light used 6000 Al)
' Solution : Given that, n=20 A=6x10"%cm . '
' : (ue—f)t = nh .

: ._nh . 20x6x107° - .
'I“.lllickr‘less,tz(“__j) == (1.5_1) :24x1.0 ‘em

Q.6. "Magnesium fluoride has refractive in dex of 1.38 and is used to coat lens. How thick this coating should

be for maximum transmittance ata wavele_ngth 0f530 nm?
Solution : Given that p=1.38 ;= 5.30 nm = 5300 10%cm
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Rogquired thickness. f
s~ 107 in ,
— 09601 x 10 "em . ——
g 2a8 - 1.33 and thickness S m.
(.7, Whitc light falls ;mrmall_\- on a film of seapy waler of refractive index 1.3

which wayelength in the visible region will be reflected most strongly-
Solution : Given that, t= 5% 10 'm,
Ior normal incidence, cosr -
\iwble region s from 4000 10 7800 AU

condition for masimain the reflected hight

Jut  4-133x5+10"

J .
o RN (PO v b o= —— =
2t cosr = (2x « 1) s i (27 + 1)
2

For n = 0.1,2.3,-—--, a series of reflecting wavelengths wiil he obtarned
~forn 0, A, 266x10 m
forn 1, i KEox10 m
n=2 A =53Ix10"m
n=J3 A, IXx 1 m and =0 on
From the above series. § 12 x 10 m. Only wavelength whach fies in the vimbie rogpon
Q.8 Aparaliel heam of sodinm light of wavclength &x00 A" strikes a thin oil film fleating on water. When
viewed at an angle of 30" from normal, Sth dark band is siwerved Farsed thae thaichomess of the B (o ol is 1.46)
Solution : Goenthary 400 o 146,
e KA SRROx 10 "m

nd

.

T y
PTLRCLUY B T 2 cos(r)

o N
o / Poooea
But cos 1 - V7 - sin”r oand snr
[ owmn’a |H: sinT o1
CO0NT II - :
\ T I n
Sx 5890~ 10
; =

yr 17T 1IEx10'm
(1 ;‘l‘]

;-[u.n:r"

0.9, Alight of wavelength 6000 AL incident normally on a wedge film of nefractive indes LA. Then interference
bands of width 1.8 mm are formed in the reflected light. Caleulate the angle of the wedge.

Sotation : Giventhat P 018 em p- 14 2= 6000x 10" an
i A
We know tha B = 75— o R
- pi 2up

gon0 « 10 *
2o ld =013
¢ 36 seromdy of an an
Q. 10 In Newton ring’s cxperiment, the diametens for Sth and 24th ring’s are 0.3 cm and 0.8 cm respectively.
The radios of corvature of comves lems is 100 cmu Find the wavelength of light used.
Sedution : Giventhat D_ 0 8am D ~03cm . R= [0 em

Dl -D;

.

1428« 10 *rad

We know that * * TR
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ETRE. 5, BRI |
- 4(25-5)100

(08)° - (0:3)*

' x=—(§§‘—5j}0—0— —487x10 o

Q 11 The diameter of 9 dark rij '"g"‘ N““’“’“" lng-’ Sexpél'iiﬁaﬁtis 0;2'8¢ms;‘Calculatétlle diameter of 16th
dark ring, . ¥ g e N : § vy

2

Solu_tioq : Given that D,=0.28 em, D;ﬂ = 'f‘ L e We know that =5 D‘?

FopE R s BT S L_ * e Ll 16
Dn. "‘Dm'ml' o T o '.l__ D.H: "’Dg _'9_ *(028)

PR TR R
. Dy = 0-28(}?) =0 3733 cm

Q. 12. The diameter of with brlght ring in Newton ¥ mg s experlmentcﬁan ges frum 1 4 t01.:27 emas a llquld

is introduced between thie lens and the glass plate Fmd thc refractw& mdex of the hquld
Solution : Thedtameter of’nthbnght rmg :s glven by ‘ G P e
l-lDu —~4R(2n— )l " s, T3 e g i = P
. e, e S L Rl b e S s b n o2
Foralrﬁlm,lx(l.:i) =4R(2n~—'~1)_—§.h =),

For liquid ﬁim u(l 27) .R(2n I)% g

;! 3.  :1,1(1.27!_2.
From (1) and (2) =1

o el

: 1(1,{)2'_..__.

"\ ﬁ”” Sl o e R el :
Q 13. Newton rings are furmed by sodmm [lght andwewed normall}' Whatwﬂlhe the orderofthe dark r:ng '

-with will have double the dlameter that of 40th nng" ) '1".; R
Sofutwn We know that, D = 4m7t.R | ;

L Dfp=dxdoxiR . i e P PR e g
Letnbctheorderofthermgforwhlc,hD "ZD el _ 3

i

d (2‘_D40) =4}>{cnka : |

- From(I)and(2). - “D—"“‘*“ = [*919'—)=i
49 ; 3 %

LY
40

. n=4x40=160 . )k - . N, - S

Q. 14 InNewtonsnngsexpenment, the diarneters of 4th a‘ﬁd gliﬂl-'ci&rk'fings:aré'ﬂlﬁ cm ﬁﬁdﬂ;’?c:ﬁrespcgtiwl§'-' '
Fmdthednameterofzmhnng ‘ I, ndl 5 Vg s B sglie » B B,

Solutlon We know that -~ EALIR
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D2 -D} =4(m-n)AR
' <=fl)

. DL-DI=4(12-4NR
—0)

D2,-DZ=4(20-4)\R
From (1) and (2),
DZ,-Di  4x16x\R_ -
D},-Di 4x8xAR
s DE—D; =[(0‘.7)34(0.4)2] 2

D3 —~0.16=066 D2,=0.16+0.66=0.82 D,,=0.82= 0.906 cm
emitting two wavelengths %= 6000 A" and )., =45 00 A" and is
 dark riig due 10 ).y Fmd the order of the

Q. 15 Newton rings are formed with a source
foundthat n" dark ring due tol., is in coincidence with (nt+l
ring dueto X . Which is comc:dmg with other nng
Solution : The dramctm of n* dark ring dueto A, is DZ=4n IR
And the diameter of (n+1)" dark ring due to ?L is DMJ _4(n+1)?LER
From the give condition, Df =(Dn+ I ) duc fo ? : '
LA R=4@rDAMR k= DR,

Ny 7 4500

—?\.2 . 6000 4500
0. 16. InMichelson interferometer, 200 ﬁ mges cross thc field aj view wlmn the movable mirror is displaced

through 0.0589 mm. Calculate the wavelengtlt of i:gkt used.
Solution : Here, x,—x,=0.0589 mm =0.00589 cm

N=200 . T AN
_Azg=x) 2%000589 g .'16_8_.5890 i
TN 200 X

Q. 17. Circular fringes are observed i in Michelson mte:fei ometer illuminated with a hght of wavelength
5896 A°. When the path difference between the rmrrorsM’ and M, is 0.3 cm, the cerm al fringe is bright.

Calculate the angular diameter of 7" fiinge.
Solutmn For c:rcular frmges 2dcos; = n?c - : At g:entre; t=
Herenis thc order of central fringe. The outer 7" ﬁ'mge order is (n 6) ' ,
Let ‘0’ be the angular radius of (n—6)" fringe, ;

" Then,  2dcos 0 = (n-6) & 2dcos0=nh-6r = csp55), __
2d {!—cos 8) = 06h ' ’ e '
’ i ; =8 ' i
Cos 0= 1—ﬂ . " Cos 9=1~-——————6‘XS896;3M =0.9994

2d , : 2x%0,

0 = cos™ (0.9994) = 2
. Angular diameter of 7" ring is 4°.
18. Calculate the distance between two successive posztwns of movable mirrorin Mu:helson

mterfemmeter for which we get coincidence of fringes due to sodium light (A, =5896 A",
A, = 5890 A?)

Solutlon If‘d be the dlstance between two posmons of the mirror for whlch we get commdence of -
fringes,

Aihs | 5896x107°x5890x107" ., . . .
2(h;~2z) 2(6><10-8) =0.29 cm.

d=

_0—
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- UNIT-1I -
DIF FRACTION OF LIGHT

LONG ANSWER QUESTIONS

~ O. L.Explain with necessory thém;p Fraunhofer diffiaction at single slit?
' Ans : Fig represents a section AR ofaN
. Let a plane wave front ww1 of monochromat
incident on it. Let the diffracted li
focal plane of the lens. Here ever

out the spherical wavelets in

arrowslit of width ¢ Perpendicular to the plane of the paper.
¢ light of wuvcléngth A propagating normally to the slit be
ght be focussed by means of a convex lens on a screen placed in the
y slit on the plane is acts as a secondary source. These sources épread
. all directions. The secondary wavelets frave]ling at an angle @ with the
normal are focussed at a point P, on the sérégn. The point P, is of 'lheAminimurh in intensity or maximum

intensity depending upon the path difference between the secondary waves originating from the corre-
sponding points of the way- ok :

, : Fig, _ , .
General mathematical theory : To find the Intensity at P draw a perperidicular AC on BR, the

path difference between secondary wavelets from Aand B in direction @ K
=BC ='ABSinf=eSin0 and corresp"(.)nding‘ phase _(_iiffgrénéé a2l
AR
= Z |esing -
Y raacy

Let us consider that the width p'f‘ the slit is divided into n equal parts' and the amplitude of the wave
from each part is a. The phase difference between any two consecutive waves from these parts would be

2 ;
P -

1 : 1 (27 . J
el =—|—eSin@
. (tot'le phase) * [ P 7

d(say)y -/ | hisie ot . o il it
- The resultant amplitude R is given by '
R Sin (n44) _aSin(r e Sin %)
Sin(%)  Sin (:rr e Sin y;j TEDA

adino § i
T a— Where a = 7 ¢ Sin ¢
. Slﬂ.% ) P ) ! A

aSind - = . | 2
- ” - (% is very Small) .
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Sine ASina*"
=na ==
"When n > a,a—>0 thenna=A
The intensity is gwcn by gt et e Yo
[Sma) e R Sina |
[=R=A|", | (o) Ve i | e |
a . ) o
b el F Y I _ g : dine powers of o as
Intensity distribution : The resultant amplitude can be written in ascending P |
e g o e b o a a - .
RoE | i s |l b e , -
a Frat et AT ) e

i

- The value of R will be maximum i.e. ¢¢ =0

aeSin@ . i
=n--,~_—,gf—=.0(or.)_$:._u&—_-.‘0 |
Lng=0 " _ . i
" So the mammum value of R is A and 1nten51ty IS pl oportlonal to A~ The 'maxlmum is known as
prmczpal maximum.’ ‘ v S : : :

: Minimum mtensltv posmons The mtensny wxll be mlmmum when Sm a 0 The values of
o which sansfy tlns equatlon are : i &

. ' . ~:1:Sn9 .
a==*m, +2rr +3:r,i4zr....+m7( . - (or) . —Ezi_“i-'"_‘f‘_ (or): e-Sing =t mA

. threm—l,,.,li..._.etc;, el B o i, o
In this way we obtam the pomts of mm1mun1 mten51ty oi elther 51de of the prmmpal maximum.

Secondary maxlma In addltlon to prmmpal maxunum at a=0. there are weak secondary

- maxima between e:qual spaced numma Er ; & v s Cuowx oal
leferentlatmglvalue w.r, to o angd’ equatmg fo 0 wehave - PR 7
dls i [insts e , 2 Sina aCosa Sina) "
..___,_._[A (.St:n)z]zo (OI') A U =0
do da P Fea TN 4 LIRD L :
e1ther Sin a=0 (or) a Cosa —S_z'ﬁ a=0 o Cosq = Sin.a
Sma e | o - -
a= =tana
Cosa [t .

A graph showmg the varlatlon of mtensny w1th a is shown in f' g

‘Distance from cerifre

Fi g
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Q. 2. Discuss the _ﬁaunhafm d:jﬁactwn pittern due to N—sht grm‘mg (md obtain mtemrty dzsm- e
bution for it ? ;

A.fz_s

Sma RiPAY &Y neSmG

" Fora smgle sllt the wave amplltude 1s -at 9 0. where o=

If there are N-shts So the path dlfference betWeen two ‘shts 1s (e+d) Szn@ The correspondmg

' 20) . - | | ASina
phase d{fference 1s_ "I‘ The 1esu1tant amphtude for N wbrahons eac:h of amplltude R ‘and |
havmg a common phase dlfference G (6 +d ) Sm 6= 213

: Resultant amphtude in the dn‘ectlon of 9 wﬂl he 5 Su

ASma Sm Nﬁ
La Snf

-'.I=R;“- =[A.S'ina) (Sm Nﬁ} Iu [Sma} (Sm ,{3)
- N @ Sin Smﬁ

‘ | Intensnty dlstnbutmn i grating 3 '

el =

1. Principal max1murnw0uld be when Sm ﬁ 0 (or) [)’ -i—n 3 Wheren 0 1 2, 3'_.'_ o, B

Sin N, ﬁ : :
So Sz " ﬁ bccomes mdetermlnant

" Lin in N
So'we apply the hosplltak rale: ﬁ _} +n7r [ Sm ﬁﬁJ

ASina 7 LR ST (LR
e N The maxima dre 'most interise and are called as principal

The resultant mtensny is [
 maxima ;
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Then (e+d Sin6) 24 nd:
n= 0,1, 23
Mmlma A series of minima occur when
Sin NB =0 N/B tmz .

V(e+ d) Sin@ =tmm

N (e + d) Sinf = +tmA :
Where m has all integral values exccpt 0, N, 2N e nN.

2. Secondary maxima : The secondary maxima have (N-1) minima
cipal maxima these must be (N-2) other maxima between two prm(:lpal ma
secondary maxima consider : t

dl _( ASina, ? 5 Si;_zNﬁ NC()SNﬁ Sinf3 - Sm Nﬁ Cosﬂ]
dp AL L | Smﬁ ,,
(or) N Cos N'IB.Sin' ﬂ 2 Sin_N B Cos ﬁ =0 k '
Ntanﬁ-wtanNﬁ -

Consider a lrlanglc as shown in ﬁg

between two adjacent prin-
xima, to find the position of

o

70

S
ke)
e

'FromﬁoS“""NJB m T A th
~ Sin® Nﬁ e NP - ‘ R |

S Ssint B (NP +C0t ﬁ)xSm ﬂ N Sin* /3+Cos ,6

B N T Ty R
1+ (N~ =1)Sin*B 1+(N” -l)Sm =B

The intensity of secondary maxima 1s 1elat1ve to pr1nc1pa1 maxima: The resultant is shown in fig.

Second
order

Zeroorder
) Fig '
Q. 3. Derive the formula for resolving power of a plane transmission grating.

Ans : Theresolving power ofa grating is its power of distinguishing twonear by spectral lines and is defined by
the equation. : : v o ;

A
Y

G Scanned with OKEN Scanner



Study Material ‘ 31 Sem-2, Physics

Where L and A+ AL are two wavelengths which the grating can resolve, Itis clear that the smaller the value
- of A, the larger the resolving power,

According to Raylcigh's criterion if the principle maximum of wavelength A+ A, falls on the first minimum of
the wavelength A, then the two colour are said (o lm_ius‘[ resolved if

dsin0= m(k+AL) and SinO=m + —JE—
_ - N
are simultaneously satisfied where 0 is

the common angle of diffraction for the lines,

For the equation we have R = E% =mN

Which implies that the resolving pmvcrﬂcpcnding on the number of slits in the grating.
The brincipul maxima of A in g dircction 0 is
(etd)sin0=na |

o i)
The equation for minima is N(e+d) sin @ = ), S A ; '
wherem=3N, 5N, 5 = | _ ' ' -
Similarly first minima in the direction (6,+d0)is | - AR :
Metd) sin (6, +ag)=m N+1) 2 | el =0
The principal maxima for (A+dl)in (0.+4d0 )is A LI ‘
(e +d) sin (6, +d6)= n (A+41) B MO ey e —3)
orNfetd) sin (6, +d§) = nN(a+dy) =~ . —4)
From (2) and (C)) ¥ X - :
(N+1) A=nNG+d) O T .

! A
A= yi - =uN.. ,
or nNd2aor an . n]\‘

Thus the resolving power is diréctly proportional to order and number of lines.
Q. 4. Describe the construction and working principle of zone Pplate. ) ¥,
Ans: Zone plate : Definition : The correctness of Fresnels method of dividing a plane wavefront into halfperiod
zones, which forms the bases of the prodf of the rectilinear propagation of Iightr,‘ can be verified by means of an
optical device known as “Zone plate”, A e Ty

g Zone Plate
(nagative of the phofograph)

Original dra\'m'ng

‘ Fig. ;
Construction of a zone plate : To construct a zone plate concentric cireles are drawn on white paper with their
radii proportional to the square root of their natural numbers. The odd numbered zopes are blackened and is

- Photographed. In the negative the odd numbered zones will be transparent and the even numbered zones will be
blackened. This negative itselfacts as a zone plate, : e S :

Theory.of zone plate ; Consider a plane wavefront incident normally on a zone plate, then an image of the
_ distant object is formt_:d ata distance b from the zone plate, such that b = —i— » Where r, is the radius of the first circle.

It can be shown that the zone plate acts as convex lens not only for a plane wave front but also for a” spherical

waveftont. . i ) Skl ; i 0
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gl Fig. . ; )
LetSbea pomt source .md let SO——d and OP = b,hl'éll SOP pe't,h'c'akis of the zl'slje plﬂt.e,. Let Q_bea pointon

the n" tlrclc 50 that .
OQ ~n = nrf

Takc a pomt P on thc ams such that

SQ,1-+'.Q;1.'P . SO:* op +£5

-'.NOW SQf*’ SO?+OQ2 *SOE[“EE‘?‘] ol
R '. '_2 _‘A" . . '2

| OQ b, 7 i 2 ' ot
S 0|1 - .
Q =S [ SO?‘}[ OQ <<SO] [+ Sog} SO+2SO 2

—(3)

" Similarl PO — _
‘ um..ran P+ OP o (4)_‘

—-(5)

LEary 'P:SO, e e[ i e e ot

_ From(2)and(5)wegct ‘30 OP -2— R r:?_ E
" 2[80 _OP'Z 2& P ow ey oy
'_"sc)__op‘ '”'?’f! i T B Gl nds TS e, B )
I - 'F?- it '_‘:1 l'i‘l.._\".-l"-‘ } .""' ;.I; ‘ \- Ch |

s hee RN iy o R I e e Py R S

f 939 f ml TS o W il AL R B oo —(7)

* -Where f represents the f‘ocal length Equanon (7) resembles the Iens law So zone plate acts 11l~.e a convex

+

I
& ":J*‘]r-..._

* lens. - . SRS Y 7
S | SHOR[‘ANSWERQUESTIONS B
Q L What is dtﬁracttan and explam its type.s g i S vl
Ans Water waves escapmg tln‘ough a small hole spread out in all dlrectmns as 1f They have
or1gmated at the hole. Slrmlarly sound waves found ta’ pass ‘round obstacles The amount of bending,
' however, depends upon the Size of the obstaclc and thc wavelcngth It was found that hght waves also

T
N, g W R

CE Scanned with OKEN Scanner



Study Material 3 33 T Sem-2, Physics
bend round obstacles, When the size of the obstacle or aperture is comparable with the wavelength of the
light, bending is more predominant, This phenomenon is known as diffraction. Thus'bending of light waves
round the corners or sharp edges of the obstacles and enters the geometrical shadow is called diffraction,

According to Fresnel, the diffraction phenomenon is due to mutual interference of secondary wavelets
which are not obstructed by the obstacle, K g '

For example, consider a plane wavefront falling normally on a narrow opening. Around the opening
secondary wavelets sprecad move widely than the size of the opehing, ) : '

Secondeiry

Plane wavefront i Fig :wavelets
Narrow .
opening

Fig..

Thus light spreads in the geometrical shadow
() Fraunhofer diffraction : In this class plane wavefront undergoes diffraction. Source of light,
and the screen are effectively at inﬁnity. B L g 5 T
if) Fresnel diffraction : In this class, spherical or cylindricdl wavefronts bend at the sharp edges.
Source of light and screen are nearly at finite distanée. ] ik o Fy O gy
Q. 2. Difference between Fraunhofer and Frés_nél-di_ffracﬁo_‘n. . o LR R

region also due to diffraction phenomenon. This is of

AR
Ans : ’ ' o5
Fraunhofer diffraction o I F;'resr_iéldifﬁ‘aétion s
| 1. The distance of the source and the screen from | 1. The source orthe sereen or bath are'the finite’
- the diffracting elements are effectively infinite.-| " distance from the diffracting elements.
2. The wave front incident on the aperture is plane 2. -The wave fronts are divergent either spherical
which is realised by using a collimating lens. | .- - oreylindpigaly cpy o L0 E wla

3. The angular inclinations are important in'this | 3._,,Dis-tances are Iir_h'-pu;-tan;_in‘this"type of
fyPeofdiffrac_ﬁon. i e AT I _".“diffr_a(:'tiqn.,:_"_ T3 e 20 Do e S
4. Diffracted light is collected by a lens as ina| 4. Nomirrors orlenses are used for observation
telescope. K LI el i AT ws ™ ava
5. Thereis a large number of parallel rays falling 5. Therays proceed directly to the axial points.
on the lens corresponding to each point on the : a", 4 . ' ¢ wat !
screen. B ) TR - :
6. The effects of several diffracted elements can | 6. Nosuch addjtions of effects is possible.
_be added together. ST, T e e A1y sk, BR R
- The observed pattern is an image of the source |. 7. The observed pattern is a projection‘of the |
modified by the diffraction at the diffracting | - diffracting device modified by diffracting ef--
device. . R : fects and the geometry of the source.
8. Incase of points off the axis, the incident rays 8.+ For points off the axis, the obliquity is differ-"
on thelens have the same obliquity and hence . ent for different rays and therefore the am-

i

the amplitude contribution due toeachzoneis [ - - plitude contribution due to different zones is
the same. g PR different. Bl Jiners ot R .
9. The centre of the diffraction pattern is always | 9. The centre of the diffraction pattern may be |

bright for all paths parallel to the axis of the |~ bright or ‘c‘iark.deplendi'n'g upon the nul_nb_ef

lens. ! _ - - of Fresnel zones, _ e :
10. Mathematical Investigations are regorousand | 10. Mathematical Investigations are complicated
easy. ' ' sk

~-and only approximate.-
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'Q. 3. Whatarethe dlfference between interference and d”ffLL-——— ]
Diffraction ;
Ans : Interference : — ' .is due to mutua]

1. Diffraction phenomenon 1
interference of the disturbances propagated

from the various elements of a single wavefront,
‘In Diffraction phenomenon, the fringes are
always of unequal width. The fringe width goes
on decreasing ¢ continuously. .

In Diffraction phenomenon, the intensity of
bright fringes gradu ally changes.

In Diffraction pheriomenon, the minimas are

1. Interference phenomenon is the result of
interactions between the secondary wavelets
from two different wave fronts.

2. In interference phenomenon, the fringes are | 2.
generally of the same width. |

3. In interrerence phenomenon, all the bright 3.
. fringes are of the same intensity. ‘ _
4. Ininterrerence phenomenon, the minimas are | 4. .

usually of zero 1ntens1ty, ie. they are perfectly * not perfectly de_rl_{.

dark. ;
5. In interrerence one can observe edsily a large 5. In Diffraction only a few fringes can be
number of fringes. _ ‘ observed.

Q. 4. Describe how ll'avél'eﬂgﬂz of light dctemu'ned using diﬁ"rflction grating.
Ans : Theory : Diffr dction glatm g is used in the laboratory for measurmg wavelen gth of hght

In the dlf’ﬁ'actlon gratmg prmc1pal maxima are obtamcd in dlrectlons
(e+a') sin @ —nl ~ where (e+d} is glatmg element ' ‘

=N numberofmlecllmespercm e e

e+d)

i

sm g = HNK - ;

n-is the order of spectrum and ‘0™is the angle of diffraction of given wavelemth of llght A In the laboratory
spectrum of given source of light is obtained by using spectrometer i :

Spectrometer adjustments : The following adjustments are done ' _
' (i) Collimater in the spectrometer adjusted for parallel rays 4 G .

(i) The grating is adjusted for niormal incidence of light. W gL T WA \

Measurement of ‘0° : The slit'of the collimeter is illuminated by given source of: light. The beam gets
d1spersed by the grating. In each orde1 of spectrum constltuent wavelengthq are observed. -

!

.' 2 NS

Collimeter .

the sp ectrum.as the WﬂVEIength mcreases angle of dlffraction also increases. The telescope, T is turned and
the cross-wire is adjusted on the line for which wavelength 1s to be measured. The telescope position reading of the
two verniers are noted. The telescope is then turned to the other side and adjusted on the same line. The position of
telescope verniers are again notéd. The difference betwee¥1 readmgs of the same vernier gives twice the angle of
diffraction for that linein the Istorder. By Substttutmg the value of ‘0’ in the above equation. The wavelength of that
line can be calculated

By following same procedure the wavelength of different lines can be calculated with the help of grating. .

=
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Q. 5 What are Fre.éhel ’slmlf perf'ﬂd- zones? ' : ‘ ‘ e

Ans Fresnel s half pEI‘lDd zones ; Let aplahe wavcﬁ‘ont ABCD of w.welen gth ?L is proccedm g in the direction,

. Pis a point where the rcqulIanl mtcns:ty is to be calculated. Fresnel divided the wavelront into a number of
© compon cutsknown as half pcrlod zones. Lct,OP is thc noimal say: OP-rP With P as centre and radii cqual to P+
A2, P+20/2...... P+n)\2 2 sphere are drawn, The wwe!‘ront ABED cutb these spheres in concentric circles of radii OM
OM,,......... The first i mnermost circle isthe 1st half period zone, S:m1larly the area enclosed bctwcen first and second

circle s second half period zone, The path dlffcwnce bc,twocn successive half pcnod zones is A/2 or phasc of 7 radial
that is why thoy are called half per 1od zoncs ' ‘ |

< Fig

Q. 6. Compare'Zone plate and :_letﬁe;x fons. ‘ ' xP

Ans:

ZonePlate o - Convexlens---:

1. Zone plate acts as convex and concave Ienses Lo It can not’ !

symulta -niously.

2'1 b
2. Imageis fqrmed by dlffractmn._ = : mage 18 formed yrefractlon
o ' -3, - ;.It contams only one focal pomt

3. It pocésses number of foca'l Il)oints,: . RN
! oy ik 5 - 4.1t works only in the range of vls1hle hhgt

4. It can work with x-rays.

5. Image’is formed by any t;wo alternate zones [ D All the Ee commg fr om the lens form the
b s vilage, T o : -
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POLARISATION OF LIGHT

LONGANSWER QUESTIONS

= ' sed as polarizer and
Q i Des‘cnbe the cmnrmcrmn n;rd woi kmg of a N:co!prmu. Explain how it can I'Jt{ u P

“ anajyzer. . Rl ;
Ans: This prism was dcs:gned by N1co] and the name Nicol pusm The construct
-

| . ‘Canadabalsam

ion is shown in the figure.

S E g

O-ray

: : : " Fig. " '
A Rhomb shaped calmtc crystal w1th the lcngth of the side face three times the length of end face is taken.
. ABCD rcprcsents the principal- plaue of the crystal B and Care of7 1°.The faces of the crystal are grounded such
- that B and C becomes 68°.The crystal is cut mto two halves perpendmular tothe pnnmpal plane andto the side faces. -
Thc cut faccs are _|omed by Canada Balsam. ; * - § -
The refractlve mdex ()f canadabalsam lies between the rcfractlvc IndlCGS for the ordi inary and cxtraordmary R
' rays for calcite. -  t b, ' ;
‘ Refractlvc index of calmtc Wlth ref’erencc to ordmary1 ay,
T = LESR e o L e
Refractive mdex ofcalc:te with ref‘erence to extra-ordmary ray H = l 486 '
~_ Refractive index: of' canada balsam iy l 55 :
. Critical angle for canada balsam is 69“ . 953 )
r | Workmg When an lmpolarls*ed light commg para[lel toBDis 1nc1dent on the crystal 1t sphts up into ordinary
- ray and extra ordmary ray. These two rays travel with different vc]oc1t1es in the crystal Thus the two rays have
-different values nf refractwe mdlces In between these two value lies the refractive index of Canada Balsam. Thus,
: X canada Balsam acts asa rarcr mcdlum for one ray (0- ray) and denser medmm for another ray (E——ray) The crystal was
cut in such: a way that the O—rays falls on the layer of Canada Balsam at an angle greater than the critical angle.
Hence the Onray suffers from: total mterna] r eﬂectlop The E—ray petstr ansmntted dlrectly and is plane polarized. -
The plane of vibration lies i in the plane of paper The reﬂccted O-ray w111 be absorbed at the blackened surface.
" Uses: (i) N!COI :s used to produce planc polanscd l1ght
(u) It acts as pol ariser and analyser, . '
= Nlcolprlsm can be used lmth as polarlser and an analyser : When two Nicols are an-angcd co-axially as
,shown in fig. The first mcol which produces plane polansed hght is known' as po]arlscr while the second which
. analyses the polarzsed light is knuwn as analyser '

. Theextra- ordlnary say transmitted by one s freely transmltted by the other. Ifthe sccond prlsm is g,radually
rotated then the 1nten51ty of extra- -ordinary say gradually decreases and when the two Nicols are at right angle to
each other i.¢. theyare in a crussed position, no light comes from second prism. This is due to the fact that when
the polansed extra—ordmary says enters the second Nicol prisin, it acts as ordinary say and is totally internally
reflected. Thcrcfore the f rst Nicols prism N, produces plane poIarlsed light and the second Nicol's prlsm N,

detects it.

C} Scanned with OKEN Scanner



Study Material : ' 37

g o F E  Flold of view ,
: i ;

Sem¥'2,-Pl1y'sics o

ot B Not Dark

Quartz (b) s Lk : .

Fig e e ¥ .

0.2. Desci tbe the construction and wnrkrrrg of Laurent’s half- slmde po(arfmerer Explam Imw you wauld '
use it to determine the specific rotation of sugar solunan |

Ans : Experlment Laurent half shade polaumeter is used to meastire spemﬁc rotatlon of sugar sulutton

The parts ofa Laurent half shade. polartmetcr are shown in the f ig. S isa monochromaflc source oflight. N,

and N, are two Nu:ol prisms. N,is capable of rotatm;, on a c1rcular scale and acts as allalyser

- ig
= £
LN

l

miun
i
HIifim
1] gl

SE 3

j

¥ BaF GhedeDevide ” »

l-lalf Shade

| . Fg L e

Light after passing through polartscrN ‘the ltght becomes = e

plane polarised. Tlusltghtnowpasses through halfshade devxceand'-: Y Re L —— P :

_ then through a tube containing active solution, The emergent hght'_-'j,' : N . .
on passmg through N, is viewed through telescope : 4 g1 N&e, S

Half shade device consists of a semi cucular half- wave platc x L -

ABC of quartz and a semlclrcular glass plate, The two plates are (Nt
*cemented along AC : g, 2 s Tyl N
" Letthe planc of wbratmn ofpolansed llghtmmdentnormally-'--_:_' ' i

on half shade plate along PQ. The vibrationis emerge from the glass . sy ‘i
plate as such i.e., along PQ: The quartz plate mtroduccs aphase ofr [ if ’.

* -rad between ordinary and extraordinary components of light. Dug vl

' to this the direction of ordinary. component is reversed to the mmal e 00500 ¢ o, e '
position. Nowtheresultantofthese components. ORmakmgaangle ot (ﬂ]:[[lm) - ||||' _ 1"' ]
‘0 with y - axis. Thus the vibration of the beam emerging outofthe - .!|||

quartz will be along RS. If the prmctpal planc of the’ andlyscrN LIS S R BTE P

along PQ, then the' light from glass portion will pass unobstrur:ted‘ R S ol

while light from quartz portion will partlyobstructed Ifhowever the S g & e

principal plane of N, is along ‘AC’ it is equallymclmed to both the
portions and both parts appear equally brlght

'Dermination of specific rotatmn': ;)

Specific rotation, .S =

Ix C-
where /- is length of tube in decxmcters C-is concenitration of the solutmn and 9 is thc angle °f"°t3“°"
First of all, the experiments tube i§ filled w1th water and placcd in'its posmon -
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ition is .. :
- The telescope is focussed and analyser is rotated till t.quﬂll}’ bright I:ozon o " . : o
obtained. The readings are noted. Now the tube is filled with sugdr SOi! V8 of , o

again analyccr is rotated till equally bright po=a|t10n is obtained. ThlS i‘ﬂﬂdm
noted. The dlff‘t:rence between these two reading gwcs the rotation 6. . VFt'g.
Theexperiment is repeated with different concéntrationis of the solutl.on g sightline Frt> W -
A graph is plotted between concentration and angle of rotation. Tt gtVES astra o
(8/C) is calculated and substttuted in the formula to t.alt.ulate spculﬁu rolaumt of sugd e
Q. 3. Explain in detail how plane, circularly and elliptically polarised light are pro duced a L slanc oo -
Ans : (i) Production of plane polarised llgllt When otdtmry li ghl is made lo mcndent 011 Nicol, planep
light is produced. - :
Detection : When the second Nicol or analyser is mtated aboit the umdent llkht the “‘te"
betweert maxi mum and zero, Then the incident hght is pianc poldrised. .
(ii) Production of circularly Polarised light : A bearh of monoch romatic t1ght isallowed to fall on-a Nicol
Prism N,. The emergent light from Ntcol Prism N, is plane polansed light. Another Nicol prism Iy, is placed at a certain
dlstance in a crossed position i. e., no light transmits’ from it. Now a quarterwave plate Q mounted on atube T, is-
introduced between the two nicols‘and hold normal to the incident beam. The tube T  can rotate about a hortzOn tal
axis through any desired angle . Now some h ght emerged from N,. Now. the Quarter wave plate isr otatec] till the field
of view is again dark. This happens when vibrations of light incident on quarter wave plate are along the. optic axis
and so perpendtcular to'N,,. Now the quarter wave plate is rotated throu gh 45°, At this posmon the amplitude of.
ordinary and extra- ordmary ray beconies equal The resultant beam aﬂer quarter wave p]dte will be crrcularly polarised
hght = .

C_—b

srty of light v‘arics

Analysis : The glven hght is passed through a Nicol and by rotatmg thls Ntcol thc mtensuty of emergent
llght is observed Ifthe inten sity shows no variation the incident 11 ght iseither unpolartsed (or) ctrcularly polansed .
Now a quarter wave plate i is introduced. Thus the rotatmg Ntcol shows vartatwn m mtensuy with mmnnum as zero.
Hence the incident light is c1rcularly poiansed Hght ==, @20 T coiy .
- iii) Production of elliptically polarised light: To produce elllphcally polarlsed hoht the two waves vﬂ;ratmg

~ atright angles to each other and having unequal amplitudes should have a phase dtﬁ'erenee /2 or- a_path difference -
of A/4. A parallel beam of monochromatic light is allowed to fall on thc nlcol prism N The prisimn N & N, are crossed
" andthe field of view is dark. A quarter wave plateis mtroduced between N and N,. The plane polartsed hght from the
nicol N, falls normally on the quarter wavc plate ‘The ﬁcld of v1ew is 1llumtnated and It
wave plate is elliptically polarlsed : i S _

Detection : The beam isallowedto fall ona mcol prtsm If the beam is elhpucally polartsed thei Intensity varies -
from a maximum to minimum value when thc nicol prism isrotated, . . _

To distinguish. between unpolarlzed and polarised light, the original beam is allowed to fall on a quarter wave &
- plateand on anicol prtsm Ifthebeam is elhptlcally polansed thc or dmary and the extraordnlary rays WIH undergo a
further path dlffercnce of A4, i ! -

ight comlng out of the quarter:

SHORTANSWER QUESTIONS 3

" Q. 1 Whatis potarisatton of Light? Explam plane of vibration and pla:m of pa!artsatmn. 4 ;
‘Ans : According to Maxwell electromagnetic theory hght waves are transverse . o SEE '
waves containing electric and magnetic fields perpendicular toeach ‘other anid . E\
perpendicular to the dtrcctmn of pmpagatmn Eyc sight i is pt‘oduccd by elcctnc o O B E
field. In a source of light different atoms produce different wave trans containing . . E £ b L
electric vectors in all possible drrecthns perpendicular to Fhe direction of © | Fig
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propagation. There is, thus perfect symmetry around, The direction -of

- propagation. : - |

Ifsuch symmetry is lacking i.c any beam oflight, the beam is said . _._ >< fl t I -~
to be polarised. _ : . “ .

e - : Unpolarised - Plane polarised

For example, in case of plane polarised light, all the electric vectors light light
liein one plane containing the direction of propagation, : , Fig.

Plane of vib‘ration : The plane containing the A -, . Plane of Vibration '
direction of vibration anq also the direction of FiLw® ,_r_~—fe—.-~—-f\ o
propagation is called the “Plage of vibration”, : : I I I : : 1 ii"”“’i"“"’m

Plane of Polarisation : The plane passing through J : ' \D”*"C‘f"".”f
the direction of propagation byt containing no vibrations = : Propagation
is called the “Planc of polarisation”. _ : Iz

The plane of polarisation, must be perpendicular to
the plane of vibration. ‘
0.2. " State and prove Brewster’s Layw, :

Ans : Brewster’s law : Brewster proved that the tangent of
the angle of polarisation (p) is numerically equal to the refractive
index(p) of the medium.

i.e., p=tanp. L . : :

This is known as Brewster’s law,. He also proved that the _" ;
reflected and refracted rays are peypendic::ular to each other. ,
Angle between reflacted and refracted rays. Su'ppc‘)s‘e a beam of L
unpolarised light is incident on glass surface at polari sing an_gle"
pas shown in fig. The polarising angle for air-glass is 57°-A part - -
ofthe incident light is reflected while a partis refracted; Letrbe
the a:fgle ofrefraction. From Brewster’s law - '

p=tanp : - TR =.:;_.'.'_'_(1)-. -

From Snell’s law _ . Fig.
' © sinp T '
== —@
ook . -sinr i
Comparing equations (Iyand(2) - - R
- osinp .- ) s'inp_sinp-‘ y
e T p sinr | _.
- Sinr= cos p = sin (90°p) ©oor r=90-p o r+p=90°

Thus reflected and refracted rays will be perpendicular to each other, - . )
Therefore the reflected-and refracted rays are at right angles to each other,: ' - ‘ _
Here it should be noted that the refractive index of a substance varies with wavelengths of incident light
'~ hence the polarising angle will be different for different wavélengths, Therefore for complete polarisation the light
should be monochromatic, : o ; ‘ ' '
Q.3.Zﬁ:vofMa!us. S R s b \
“Ans : Malus discovered a law regarding the infchsity of light transmitted by the analyser. According to Malus
- when a completelyplane polarised I} ghtbeam is incident on an analyser, the intensity of the polarised light transmitted
through' the analyser varies as the sﬁuare of the.cosine of the angle between the plane: of transmission of the
Analyser and the plane of polariser. This law holds good for a combination of reflecting surfaces, polarising and

analysing tourmaline crystals, Nicol prisms etc., but fails when the light is not co:_npletely plane polarised etc,, but

LT

fails when the light is not completely plane polarised.

.
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To prove this let OP = a'(Fig) be the amplitude of the incident e
" g . ’ .4 }\ . Flanagi

pla.ne polarised light from a polariser and 0, the angle between the o st
planes of polai‘iscf and analyser. The amplitude of incident plane s\\ l .
polarised light can be resolved in two components, one parallel to the S

A

plane of transmission of analyser (a cos 8) and the other perpendicular
to it (a sin O ). The component a cos 0 is transmitted through the
analyser. ' ‘ ' : ' ' '
. Intensity of the transmitted light through the analyser.
I,=(a cos 0) = a? cos? 8. ( -+ Intensity a (amplitude)®)
~ IfIbethe internsity of incident polarised light, then I =2’
‘ s I,=1 cos’@ or 1, cos’ 0.
_ When 0 = 0 i.e.; the two planes are perpendicular,
[, =ITascos0=1 ' '

When 8= %'i.c.,'two planes are perpendicular, /, =0.
" The above _rcsgilts arc experimentally observed in case of two tourmalin¢ crystals.
Q. 4. Explain Huygén s theory of double refraction.
Ans : In 1669, Barthalinus discovered that when a light ray is refracted by a certain crystals, they give rise to two
+ refractedrays. fe ‘ ' : ’
“This phenomenon of splitting up of a light fay. into two rays when it is passed through a homogeneous
‘ transparent medium is known as double-refraction. Double refraction is exhibited by quartz, mica, calcite etc. These

are known as double refracting materials.
Explanation: Let an ink dot is made on a sheet of white paper and it is reflected through calcite crystal. Then

two images of the ink dots are formed. Ifthe crystal is rotated. onc of the image will be stationary called stationary
image and the corresponding ray is known as ordinary ray (O-ray). The other image which rotates around the first
is called extraordinary image and the corresponding light ray is known as extraordinary ray (E -ray). The 01"din-a1'y
image obeys the law of refractions whereas the extraordinary image does not obey the laws of refraction. Both these
rays are plane polarised and the vibrations are orthogonal. :

Qg
R
CE g
o Fig. . 2

When light is allowed to pass through a birefrigerent crystal along the optic axis, both O —ray and E -ray
travel with same speed. Hence the refractive index of the crystal for ordinary ray is constant.
_velocity of light in’ vacuum
velocity of O—ray in the crystal

Mo

But the refractive index for E-ray is not constant and it dépends on direction of traverse for a positive crystal.

velocity of light in vacuum
C = . . - . . P
minimum velocity of E —wave ki
Huygen explained the phenomenon of double refraction in uniaxial crystals by using the principle of secondary

wavelengths. The assumptions of this theory are as follows.
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on a double refracting crystal, every point on it gives out two secondary
for E- ray.

1) When a wavefront incident
wavefront, one for O-ray and the other
2) The O-ray travels with same velocity in all directions and the wavefront is spherical.

3) The B- ray travels wigl, different velocities in different directions
4) The velocitics of O

and hence the wavefront is ellipsoid,
—tayand E-ray are same along the optic axis.

For a positive crystal like quarty -

1) The ellipsoid of revolution

. corresponding to the extra—ordinary ray is totally contained in the sphere
corresponding to the O-ray. '

2)The velocity of the ex
K<V, 7

. ‘ i Optic axis
traordinary ray is smaller than that ofthe O-ray.

3) The refractive index for E—rayis gi-eatcr than that of O-r
(n,=1.544 and-pf 1.553)

(Ou>y | -

. 4) Thevalue of Ap = TR

is called a positive crystal like qua

ay

is a positive quantity and hence the crystal
rtz; the ellipse lies inside the sphere. '
3. For negative crystals like calcite, the e]]ipée lies outside thé sphere, 7 ke,

The velocity of E-rayismore than O-ray. The refractive index for O
rayis more than E-ray .

: : - Optie axis
-“0 >pn .0 (Negative crysta_l)_
iy e s ' - - Fig.
O. 5.Explain Quarter wave and half wave plates ? ' : ¥

Ans : Quarter wave plate : ans'ider the case of a cal- _ i
cite plate cut with optic axis parallel to the surface as in fig. '

It has been shown that when a plane polarised light falls
normally on a thin plate uniaxial crystal cut parallel to its optic - T ki 1
axis, the light splits up.into ordinary and extra ordinary plane - ——C :
polarised lights. They travel along the same path but with differ-". 1 B NS
ent velocities. h '

p Optic Axis

-
-
-
L
[

\q\
*‘:‘-:a-._‘

— 5.4
—T i

= -
——

The velocity of extra-ordinary say is greater than the ve- '"__
locity of ordinary say. , T .

~If the thickness of the crystal plate is such that it intro-

. vy Emergent ligt
duces a phase difference of %, » radian or a path difference of” . Fig,

% then it is called a quarter wave plate,

- A
=
* 4(#0'_;%)

Half wave plate : If the thickness ofa calcite’crystal plate, cut with its faces parallel to optic axis, is
such that it introduces a phase difference of 7 or a path difference of between ordinary and extra-
ordinary waves, then it is called a half-wave plate. For a half wave plate.,

(#o_ﬂe)f:%

A
2(#0 _#e)

Si=

!
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SOLVED PROBLEMS
hich refractiy

Study Material
e indexis 1.3 61
0. 1. Calculate the Brewster s angle for Ethyle alcohol forw .
Solution: . From Brewster’s law L= tanp . .
b 4

Angle of polarisation, p=tan ' p=tan" (1. 361) =532,

0. 2. For Flint glass, the angle of polarisation is 62°24" Calenlate
Solution : Given that p =62"24'
' From Brewster’s law,
u=tanp = tan (62"24') =19128
Q. 3. Refractive index of glass is 1.6. Find its angle of polarisation.

the refractive index of it.

Solution : If Pis the angle of polarisation
P=tan'p =tan™ (1.6) =58"
Q. 4. Two polarised sheets are parallel to each other thirong
(i) The intensity of tran smitted light become half. :
(ii) The intensity af t anumn‘ed light becomes half the mten.s:ry of u
Solution : (i) From Malus law, 1=],cos0 . _ - :
Giventhat1=1/2 ~ : ' '

It what angle either sheet must be turned so that

n polarised light.

; . N g :
1 _ R I 5“or 1350
" ; 2q ) cos  =t— 9 cos [ J
"SR e J2 \/-
(ii) When light is plane polanscd its mtensriy becomes half
From Malus law I=1Icos’0 :
, dv
Giventhat, I, =I; /2 and 57 ~ 9
_ Lo = 1g = I, 2
I 1
where [ é is the intensity of un-polarised light. =~ - ? ~ 2
- i o 0
I ; 2 0 ! Ly ) ‘
o - cose-—+] : El:()tOSGOD o

: Iy _
0. 5 A ray of light is incidet on the surface of Ben‘,ene of refractive index . 5 If the reflected hght is
linearly polarised. Calculate the anale of refraction.. : :

Solutmn If ‘P’ is the angle or polarisation .
Then p=tanp X
S P=tan'(p) =tan’(1.5)=56"18"
If*S” is the angle of refraction, then s+ p=90°
. s=90-p =90-56°18' =33%42! ‘
Q. 6. Two Nicols are in crossed position. Now one of them is rotated ﬂn‘ough 60" What percentage of
incident unpolarised light will pass through the system?

Solution : If 7] isthe intensity of unpolarised light, it becomes Io 718 sy T polanse d

Y g = I 0 /2
When one of the Nicols ark rotated through 60°, the angle betweenltwd nicols becomes 90 2 60 =30"
| 1 g s gt B ;
f 1(205‘9 ' —=c0s8“0=(cos30) ==
; Iy ( ) 4 .

But I, =1} /2

~

A
VB 4 1l

o | oo

=37.5%
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O. 7. Plane polarised light is incident on g pie
Jorwhich the ordinary and
1.5442, p_

Solution :

43 " Sem-2, Physics
ce of quartz unit paraflel to the axis. Find the le
extraordinary rays combine
=1.5533 and A=5x] 0 ems,

ast thichknesy
to form plane polarised light given that n,=

Half wave plate can produce plane polarised light.

. A ' 5% 10"5

L B

Ao~ne) " 215533- 15223 ~275%10em

0.8 Calculate the thickness of a mica sheer required for making a quarter wave plate for k= 5460 A", The
refractive indices for ordinary

and extraordinary rays in mica are 1,586 and 1,592 respe

wave plate, ¢ = —1&——

- e -p,)

ctively,
Solution : Thickness of quarter

5460 x 108 .
o A )
4(1_592 _ 1.586') =2.275x 107 cms,

ecr Plate which can produce circular polarised {igltt for calcite
B, = 1.486, W,=1.658,%=5893x 107 cm.

Solution : A qQuarter wave plate produces circular po]ariéc:d light.

*. Thickness of quarter wavye plate,

f=_ A 5893x10°8

#lue 1) " 41653~ 1a35) ~856x10°m
0.10. 4 half wave length plate is cans_n'ncfe

d for a wave!eftgﬂ: af 6000 A°. For what wave length does it
work as a quarter wave plate? : - B

: b & ' ' '
Solution : For quarter wave plate, t7= 4(“‘0 T ‘) T . '
A ; e ) 2
: . .?ug
For half wave plate, ¢ = E(ng = ) :
e

k,=%’x4-=60003c2 =120004° _
. Q.11. For quértz, the refractive fndec._es for left hg.;:ded and right handed vibrations are 1.55821 and 1.55810

respectively for A = 4050 A°". Find the amount of optical rotation produced

thickness 2 mm with its optic axis perpendicular to the force,
Solution : Angle of rotation of the plane of polarisation

by a quartz plate of

‘nd " onx0.2 ;
=22 (g - np) =22 (155821~ 155810) radians
.\G ‘?» (PL “R) 4)(1075( ¢ )
=ﬁ%(1.55821—1.55810) x%i—o . 7
’ X

Q12 4 sugar solution of specific rotation 52° per decimeter per gm/ce ¢
of 10 cm long. Calculate the concentration of the solution.
Solution : Given that S=52°. /= 10 ¢m , 0= 129

g-10-6 ., 100 10x12

Ic or 0= = =028 gm /C'C-

auses a rotation of 12° in a column
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travelling 20 cmg
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plane of ‘polarisation 15 1

Q.13. Calculate the specific rotation if the
length of 20% sugar: selution.

arned through 26.4",

Solution : Hence C=20%= o, =0.2gm/cc
100 .
/=20cm
0=26.4"
10.6 10x264
le  20x0.2

0.14. 80 gm ofimpure sugarwhen dissolved in a litre of water gives an optical rotation "
in atube of length 20 cm. If the specific rotation of sugar is 66°. Find the percentage ‘purity of the sugar

=667

. Specific rotation, S =
of 9.9" when placed

sample.
Solution: Here 8=9.9° [= 20 cm; 5= 66°
; 10.0 10 % 9.9 . .
. Concentration , C = = 00?5 m /cc =75 em/lit
ration ls 2066 = #

But 80 gm of sugaris dissolved in water.”

. Purityis -75 x 100 = 93.75%

Q.15. A tube of sugar sohmon 20 em long is placed between crossed Nicols and illuminated with light of

wave length 0.6 X 1075 cms. If the optical rotation produced by the salurwn is 13" and speaf ic rotation

is 65°, determine the sugar present in one. litre solutwn
Solution : Here, s =65°;/=20cm;0=13°

— 106 10x13

i ion C =- =0. I /

; Concentr‘atlon Is 2 XG5 gm/ce
. Sugar presentin 1 litre solution,

m=Cx1000
=0.1x1000. =100 gm.

0.16. The values of p,and p_for calcite are 1.652 and I 488 respect:ve{y Calculate the plmse retardation

for .= 6000 A° where the plate thickness is 0.04 mm.
Solution : Heret=0.004cm; p,=1.652; 1 =1 A88 ; A=6000A°.

. The path difference between O—ré_.y and E-ray after emcrgcnce = (],I.o — pe)t

= (1652 -1488) 0.004 =6.56x 10~ cms.

: & . P ‘
;. Phase retardation , 8 = -A—n x( path difference)

2n ; s
=X 6.56 x 107" =68.7 radians.

6x10™
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MUNI -1 )
ABBERATIONS AND FIBRE OPTICS

LONG ANSWER QUESTIONS
0. 1. What is meant by sph

erical aberration ? Explain how we minimiz
- tion ? >

ed the spherical aberra-

Ans : Spherical aberration : Statement

WHITE

Laterall
LIGHT

Spherieal
Aberration .

//’
;o REAN =
~, FM \‘\
! Longitudinal ‘
Spherical ‘ . \\
Aberration —

Fig. Fig.
When a beam of light parallel to the axis js incident on a lens
the lens and the paraxial rays focusata

the axis. This defect is called spherical

then the marginal rays focus ata point F,, near
point F, far from thé lens. Thus a point image is spreading over a space along

aberration,
F, is called the marginal focus

and F, is called paraxilal focus. /¢ is the marginal focal length and L is the
paraxial focal length. ' ‘ w :

(f,—/, 1s called the longitudinal spherical aberration’, The distance between the paraxial focus and the point
atwhich the marginal ray strikes the paraxial focal plane is called ‘lateral spherical aberration’ -

If we move from F, to F, then at a position 4B a bright circle is formed. This is called the ‘circle
of least confusion’. In general we consider this as the image. » :
- Minimising Methods : :

.

1. We can cut off the nﬁarginal tays with the help of a “stop’. But the intensity is. redﬁced. .

2. By using of a crossed -lens'héving a refra

ctive mdex 1.5 and ratio of radii of curvature g we
can minimise the spherical aberration. . . , _ '
3. With the help of two coaxial lenses separated by a distance,

Conditions for two lenses on the same axis separated by a distance to minimise spherical
aberration. . '

~

- : Fig. " o
Two lenses L, and L, of focal lengths Jyand £, are placed at a distance on the same axis,
A light ray parallel to the axis is touching the fi

rst lens at a height of 4, and deviating through an
angle §,. ‘

.-.8_‘1 zﬁl‘

= - | —(1)
. 1 : .
This emergent ray is touching the second lens at a height 4, and gets deviated through an angle 0,.
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R ' ‘ .
B 60 =—
T f
But/h, = h! - h_g
e B e )
TR by
As 0, is small
. _h 3
 from fig 5,=tan 8; =~ h,=8,X
| X T T S @
From (1), s = /i Substituting in (3)-52_—3' s T Ll

If the spherical aberration is to be reduced then the deviation of the iparg'irfal_rais be reduccd. If
the deviations produced by the two lenses are equal then the total deviation 1s minimised.

So, : .

_ hy h, X 11 X X _ 11
From (1) and (4) f, - It fifs O - f hls * - fifs e fi
SXfef, x ET
Thus, by placing the two lenses at a distance equal to the difference of their focal lengths the
spherical aberration can be reduced. - : -' o ' _
0. 2. State and- explain chromatic aberration and derive equation for longitudinal ghmmat_ic
aberration. A S ¢ R ' i
Ans : The image of a white object formed by a lens is coloured and blurred. This defect of image is
. kihown as chromatic aberration. This is due to the inability of lens to focus all the colours at onepoint. The
refractive index of the material of the lens is different for different colours. or appear to be converged.
Thus different colours will'be converged or appear to be converged at different points on the axis of the

lens. : .
: _ Red = = & : 4
> = S5 o ‘Explonation :
T mmTE 1" >
ol | : WHITE

S J\ axig ., LIGHT
e : | ' :

v
A4

Fig.
For a thin lens, >
1 11 : =
T —= —_I _— ’ .

_ Different colours have different values-for p. So different colours have different focal lengths.
If p, is the refractive index for violet, ., is the refractive index for red, we know p > p.
sy | A |
Hence the violet rays meet the axis at a point F , near the lens and the red rays at a point F_far -
from the lens. ' e * ' . '
The distance between Fand F, is (f, — /) is called the longitudinal chromatic aberration. '
When an object is situated at infinity, the focal length of a lens is given by

oo 1 1)
Soemfipn FYL A els
7 (u )[RI RJ

If f, . /, and f) " be the focal lengths of lens for Violet, Red and Yellow colours and p,., p, and 1L be the
refractive indices then ' : )
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1 17 '
f—“f(l-lv =Z) (E-}i—] ——(1)

1 1 1
P

By F ) By R,) @

1 1 1
i

TP —@
Subtractin £¢q.(2) from eq, (h

1 1 1 ] - = . 1 1
‘—._ﬁ:(].lv"‘“]\‘)[‘——-———'h] M:M L —I[—*—-———-J
fv fr R, R, fvlr 'HY—I(Y )Rl' R,
But fyfp = fF |

fr—1y Hy—ng 1 . f;e'_f;f o My — My
e < T W s T =p | ap=tY_r

f}'g wgel g (from eq.3) f} 7

fefy=of, '
Where Sy~ =Longitudinal chromatic aberration.
0.-3. Explain the defect “Coma” in 4 lens. How is it reduced? :
Ans : Coma: When a'lens is corrected for spherical aberration, jt forms a point image of a point object

‘object formed by the lens is f(ilmd‘to have an egg-like (or comet like) shape. This defect in the image is
called “Coma” after its shape, \ ¢ : ' :

(Image due toa,a

, T
aI
e d! L'
. o (Image
due to b,b)

-(Chramatic ¢'

circle) ‘(Tmage Res“lc;ﬂ_“-tt image
i * ductoce Ueto;
(b) r‘j ) different zones
hi; Fi l'g- 3 F Ig . ’

Explanation :Let us consider an of axis point in the"-ol_ajec't._ Rays leaving the off axis point A in the- _
object and passing the optic centre of the lens meet at B. The rays leaving A and passing through the
different zones of the lens such as (1,1);(2,2) ; (3,3) etc are brought to focus at different points B,, B,
-----etc, -gradually nearer to the lens. On the screen placed at.B prn_pendicular to the axis these form
circles of increasing diameters from B. This defect is known as “Cpma”.‘]t arises dug to the fo!lowing
. reasons. ' o '_ ! ' :

1) Different zone of the lens produce different Jateral magnifications.

2) Each zone, forms the image of point in the form of a circle.

Elimination of coma : (1) Coma may be reduced to a certain extent by using a proper stop, of
suitable diameter and arranged at a suitable distance from the lens, This restricts the outer zones and
“allows only the central zones to refiact the rays. ‘ o

(2) It may be reduced by designing lenses of suitable shapes and materials. For example, a lens

R I 1y . G s : '
with iy = 1.5 and [ELJ = ‘[5) forms an image of an object, ql.ﬁmte dlstange, sufficiently free from

coma. Both spherical aberration and coma are completely eliminated for “aplanatic points”.

(3) Above showed that lenses are Compl-ctély free from spherical aberration and cqma, if the
following sine condition is satisfied. '
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iy, sin0; =pyypsind, '
Where p, and p, are the refractive indices of the 0
are the heights of the object and image and 6, and 0, arc th |
emergent rays make with the axis. mruple of Optica ! Fibre

0. 4. Wlmt is an Optical fibre ? Describe construction and working p e astion enceylia liki
: An Optical fibre is hain-thin transparent. medium which guides info

waves from one end to the other. )

An optical fibre consisting of “core™ of high (llldllty glass of diameter about 100 pm, "u; r;);gdcd by
a “cladding” glass of slightly lower refractive index. Total diameter of fibre is of the order ol | e lio
140 pm. This fibre is coated with polymer to ‘protect: the fibre against chemical, mechqmcal attacks
espcmally the humidity. And finally for strengthening it another coating is applied.

Protective coallng

nnagc regions respectively. y, and y,

bject ¢ and
ident and conjugant

c angles which the inci

Eladd'ing

Second coating

Fig.
Workmg Principle : :
The Optical ﬁbre works on the pr mcxplc of “Total mtemal Ieﬂectlon .

() /////////////////////,iu —> Cladding ()
air (p -~

s
I/ &

Core{ul)
////////////////////////

Fig. .
Flbre optlcs was developed by Hopkins and Kapany of UK. and Van Htel of Holland.
Light rays inpigning on the core cladding inter face at an angle greater than the critical angle, rays
under go “Total internal reflection” and are trapped inside the core of the fibre. If p is the retractive index
of core material and B that of cladding material, then the cr1t1cal "mgle at the core claddmg interface is

sin™ [ g ] Under this condition the ray will bounce from side to side along the fi - until it emerges out

at the far end. The llght signalis thus trapped in the fibre core; which acts as an optlcal wave guide.
How ever not all reflection angles are possible.for a ray to be guided along the length of the fibre
" due to interference of parallel light waves. The result is that a discrete reflection angle is allowed following
 the condition that for two parallel rays striking the boundary at opposite ends of a diameter the difference
in phase is “whole number times 7 - radians”. For cach of these allowable 'mglcs stable and self- 1cp1odu<.mg
interference pattern is formed as propagatmg modes in the fibre.
0. 5. Explain the system for fibre optics communication ?
Ans : The basic optical fibre communication system parts is shown in fig.

L] K ] > [&]

ﬁdcssagc : Mnduhlor|—>| Carrier }——)IEE(IH Channeﬂ-;{i)utpu[l

[Detectorl - lisignai ‘ -3 Messagul
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The functions of different parts are discussed below,

1."Message origin : It converts a non cleetrical message into an cleetrical message. For ex, micro-
phone is used for convesting sound waves into current and video (TV) camera for converting images into
currents.

2. Modulator = 1t performs two main functions. Firstly it converts the cleetrical message into
proper format and secondly it impresses this signal on (o the wave generated by the carrier source,

3. Carrier source : The function of carrier source is o generate the wave on which the information
is transmitted. The wave is known as carrier wave,

4. Channel Coupler (input) : The function of channel coupler is to feed power into the informa-
tion channel. For ex, the channel coupler in tadio or T.V broad casting system is an antenna,

5. Information channel : 1t provides a path between transmitter and recciver. Information chan-
ncls are two types : unguided and guided channels.-

6. Channel couplcr (output) : In radio communication system, an antenna is a channel coupler
which collects the signal from information channel and routes it to the receiver. In fibre system the output
coupler directs the light emerging from the fibre on to the light detector.

7. Detector : The function of detector is to separate the information from the carricr wave. In fibre
system, the optic wave is converted in an electronic current by photo detector.

8. Signal processor : Signal pr ocessing includes amplification and filteri ing yof undcsn ed frequencies
in analog transmission.

9. Message output Her¢ the message is presented to a person. The puson may uthcr hear or
view the 1nf0rmat10n ‘

SHORTANSWER QUESTIONS
0. 1. Write a note on “Astigmatism”.

‘Ans : Astigmatism : Definition : When a point object is situated far off the axis of a lens the image
formed by the lensis not in a perfect focus. The image consists of two mutually perpendicular lines
separated by a finite distance. Moreover, the two lines lie in perpendicular planes. This defect of the
image is called as “astigmatism”. : ' '

‘Explanation : Consider an off axis point P. Thc plane containing this point of observation and the
axis is called Meridian plane of the lens. | L.e., a plane containing P and the principal axis of the lens. A plane
perpendicular to this plane is called Sagittal plane of the lens,

Meridian
image "

Sagital
\image

Lens

Fig. _
The light rays in the meridian plane are focussed along a straight lint at 7" called “tangential focus™.
“The light rays in sagittal plane are focussed along a straight line called “sagittal focus”™. The distance S7is a
measure of astigmatism. This is called “astigmatic difference”.
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. 50 tch of the light reduces to a.circle. This i knd%

e pach to a point image.

due to large inclination of the rays with the o5

are cut off by placing stop in the Suitab]o

Study Material
When the screen is moved between S -
i il s

as the “circle of least confusion”. This is the neat i

Removal of astigmatism : (1) The aSﬁgmﬂ[_lsmlli e
of the lens. So, if the rays making large angles with the axis

the lens may be corrected for astigmatisi o e N
position ay be c¢ . astigmatism may be climinated by adjusting their positiop, -
1c astigmd :

(2) For a system of several lenses, tl hich narrow pencils of rays are inciden; at

. ; ; iecti w
Such systems are widely used as photographic objectives 0n
large angles. -

i

astigmatic difference is negative. So, a suitable convex apg
«

[ s, the N )
(3) In case a of concave lens, t  used to reduce the astigmatism. Such a combin.

concave lenses, separated at a'suitable distance may b
tion of lenses is called “astigmatic combination’. ,
Q. 2. Explain about curvature ? (or) Write a short note on Curvature : | . o

Ans : When the lens is free from spherical aberration (Coma and astigmatism) the image of g

extended plane object 00's curved as shown in ﬁg..

Showing the defect of curvature.

3 F ig ) R \ » :
If a screen is placed at I perpendicular to the axis of lens, then the image I'Will not be in focus but
this is curved. This defeet is called Curvature. This arises due to the fact that points away from the axis,
such as 0' are at a greater distance froth the centre 'c' of the lens.than the axial point O. There fore, the

image I' formed smaller distance than 1. . _ , o .
Elimination of curvature : The curvature may be removed by the. following methods.

1. For a single lens, the curvature may be reduced by placing dn apérture in a suitable position in
front of the lens; v - i

2. For a combination of lenses, the condition for absence of curvature js 2 —— =0

uf

In case of two lenses _
H 'f] + ;uzfz =0 : | 2 l
Where 1 and p, are refractive indices and f, and f, are the focal lengths of the lenges,

Here u and p, are both positive so that f, and f, must necessarily be of opposite sign. If one of

7 lens is convex then the che‘r lens should be concave. The above condition holds good whether the lenses
are in contact or they are separated ata certain distance, k

Q. 3. Write a short note on distortion ?

Ans : The image of a plane agelare like object placed perpendicular tb the axis of the lens is not of

the same shape i.e, it is distorted. This defect is known as distortion. This defect arises due to the fact the -

~ same lens produces diffgrent magnification for different axia] distances. There fore different parts of the
“object suffer from different magnifications. _
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L

(a) ‘ . (b)

The distortion is of the two types :

a) Barial shaped distortion : When the real image of a rectangular piece of wire guage (in fig b)

formed on the screen by convex lens appears like a barrial shaped. So it is known as barrel shaped.
distortion. . 2 ; o

b) Pin-Cushion distortion : When the image of a rectangular object formed by a convex lens is

like shown in fig (c). The defeet is known as pin-cushion distortion. In this case, the magnification
increases with increasing axial distance fears the centre. . _

¢) Removal of distortion : The distortion can be removed by using a combination two similar
meniscus convex lenses, with their concave surfaces facing each other and placing an aperturee stop in

the middle as shown in fig. Such a combination is called as an or thoscopic doublet or a rapid rectilinear
lens. . : : '

Q. 4. How is the chromatic aberration minimised in achromatic doublet?
Ans : The combination of two lenses made up of materials with different d
avoid chromatic aberration is called an *achromatic doublet’.

‘Let two lenses of focal lengths Sy f, and dispersivé powers w, 1v2'are_placed in contact. Let F be their
combined focal length. . s

ispersion powers, kept in contact to

Then, |
pl=d, 8 ' 1
_ F fi b " , 9t o =l
For a thin lens, A ‘ % : L
2 _1)[1_1] Sl »
CF VAR TR, - w e L =B
-\ 8 _ 11
differentiating *f_g—. K E_R—z .
From (2) we have _'J}Tf— H f(pf—l)
- 8f_ 8
T M
H ; :
But — T (dispersive power)
of du : we ;
e—=Ww= = g - N . i ——
Fo T | e O
' SF _ 8 8f; |
By differentiating equ.(1) “FZ = "'f_g - ?2_
1 2
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| int i.c., F, constant for all colours,

- > int1
For achromatism all the colours must focus at same po
soF=0
5 .
_§fTI Ble 5 - 20 U .p
S f; /2

l02 w;

f,? — ff
. __fi w; .- . ______(4) )

f2 w,
negative sign indicates if onc of the lenses is converging, then the other

Convex
fens

Concaye
lens

. must be diverging. Hence for an achromatic doublet the ratio of the focal lengths of

the two lenses must be equal to thetatio of their dispersive powers.
Achromatic

In an achromatic doublet convex lens is made up of crown glass and Oﬂow- combinati
: ” _ nation
focal length. : ' ' : i
. ) - . Fig.

Concave lens of greater focal length is made up of denser Flint glass. .
Q.5.  Derive the'condition for minimum chromatic aberration when two lenses made up of same material are

co-axially separated by a distanced.
Ans : Two lenses with focal lengths £, and f; and dispersive powers W, - 1 1,
I 2

and @), are placed at a distance t on the same axis. IfF is /\
} \/ axis

the combined focal length of thie system then

i=i+i7 1 | . ) . . | —>
F fi kb ffs - | wiie ALY ’
Dlﬁermtlatlng - o o ) . = Fig.
_Ez_ﬁ_ﬁ_ﬁzg_;i( 6f2J+1'(_gf_J- |
7 flg f22_ f1 fg w5 f12 .
_LBf ¥ L( Sfa){ ﬁffj s e,
A AN h] - - 0
For achrométism_ oF=0 ' ' :
oo O 8
0y =——=, e
and @z 1, 2. Ty
_0; 0 - 1 ' ‘
—+— ©;+0
f e f;fg( 1+0) —0)
If the two lenses are made up of the same malerlal then:
0, = ©,= 0 (say)
0o o t
—+————(20}=0
AR ) | |
e _ fi+fs 20
S ) g
fj f2 fif.? fIfE f}fZ
f1+/s : ; '
SE= s
. 9 - (4)

Hence the two lenses made of same material separated by a distance equa[ to the average of their focal

lengths, minimise the chromatic abcrrahon
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Q. 6. Explain the types of optical fibres ?

Sem-2, Physics

Ans : The optical fibres are classified into two categories based on :

1. The number of modes and 2. The refractive index.

1. Classification of fibre based on
propagation, the optical fibres are classified into two types.

a) Single mode fibre, b) Multi mode fibre.

a) Single mode fibre : It is shown in fig. It has smaller
core diameter (5 4 m) and high adding diameter (70 1 m). The
difference between the fefrgétive indices of the core and the clad-
ding is very small. In single mode fibre only one mode can
propogate through the fibre. There is no dispersion. this fibres are
more suitable  for long distance communications such as tele-
phone lines. The light is passed into single-mode fibre through

laser diodes. The fabrication such fibers is very difficult and so

they are costly.

b) Multi mode fibre : The multi mode fibre is shown in fig. It
" has larger core diameter than sihgle mode fibre. Thg-; core diameter SRR o, (Pwictss i) .
is (40 £t m) and that of cladding is (70  m). The relative refractive -
index difference is also larger than single mode ﬁbré. Multimode fi-
bre allows a large number of modes for the light says travelling through
it. There is signal degradation due to multimode dispersion. They are '
1ot suitable for long distence communication due to 1arge dispersion -
 and attention of the signal. The fabrication of multi-mode fibre is less

difficult and so the fibre is not costly.

number of modes : on the basis of number of modes of

"Cladding
{Dwameter 70 ym) Core

\K’[\M{niamelarspm)
L 1 !

N\

Cladding - Core

2. Classification of fibre based on refractive index : There are two types of optical fibres viz.

1. Step-index optical fibre
2. Graded-index optical fibre.

1. Step-index optical fibre : In this the core has a uniform refractive index (say n,) and the -
cladding has also a uniform refractive index (Say n,) of n>n,. Let 'a' and b’ the radi of core and cladding
respectively. The reﬁactivé‘ index profile and radices of core and the reflactive index profile and radices

Core

Cladding
Geometry

ny
Refractive index profile

(0)

As-the diameter of the core is high, there fore, more number of modes of propagation of light can

be possible. So the fibre also called as multi-mode step index fibre.

2. Graded-index optical fibre : If the core has a non-uniform refractive index that gradually
decreases from the centre towards the core-cladding interface, the fibre is called graded-index fibre. The

+
T

.

Ciadding A
geomely

' ‘cladding has a uniform reflactive index. The reflactive index profile of graded index fibre is shown in fig.

(@}
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Study Material _ (m respectively in case of multj mode

. : 70
The core and cladding diameters arc about 50 pt m and

fibre. 9
Q. 7. Explain Ray and optic rqnesenmrum of optical fibre :

ased on the principle of total internal reflection. The optical ﬁbres are

Ans : The optical fibres are b
made either glass or plastic. This is shown in fig.

n, Cladding . | : '
I, » ey,
[7//9 7, Cladding 7 Core

0 . 1
0/ / ﬁCore .
0 — Acceptance angle ///' /,//,,///////W Y ///1// // WA
0 = Critic:a.l)angle: sin™! n—f o (b) : | (©) |
a I
Fur

W hen 11011t is incident on one end of the fibre at small angle, it passes through the ﬁbl € as explaineq
below. Let 'i' be the angle of incidence of the light say with the a);ls and f be Lt_hc__ang{lc of refraction. If g

be the angle at which the ray is incident on the fibre bouhdary._ then 0 =(90—r). Suppose n, be the

: i
- . ;
refractive inc_lex of fibre. If € > 9‘ critical angle where 6, = Sin (n_J 1hen the ray is totally internally

|
reflected. In this way the ray under 'goes rcp{:dtcd total internal rcﬂcct10ns untll it emerges out of the other
end of the fibre. - -

In the step-index fibre the light rays propagate thr ough it are in the form of meridional rays which
cross the fibre axis during every reflection at the core-cladding ‘boundary. Flg shows paths of s says in step-
index fibre. Wehave shown two rays entering at different angles of incidence with the axis. The two says
travels different paths It is obwous from the figure that an input pulse gets widened as it travels along the
fibre. b

In graded mdex fibre light rays propogates through itin the form of skew ays or helical rays. They
do not cross the fibre axis at any path and are pr opagating around the fibre axi
The paths of the rays in multimode graded index fibre are shown in fig, s

In the fig, the say is continuously bent and travels a periodic path along the axis.
at different angles follow different paths with'the same period, -both in space and tim
periodic self fOCllSln}‘:, of the rays.

0. 8. What are the applications of Fibre,. optics.
Ans : Optical fibres are used in diverse fields.
1. Optical fibres are used in telecommumcatmns The o

10"*Hz). So, it is capable of carrying more information thana radio wave. It i 18 reported that 140 M bits/sec
mformgtlon can be send through single fibre. Which is equivalent to 450 ,000 voice channel-k.m. Morc
over optical fibres are cost effective ‘more reliable and disturbance free.

2. Optical fibres are used in scnsmg systems : A fibre o

about an environmental parameter like pressure, voltage curr
3. Medical Use :

of the human body.

s in helical or spiral manner.

The rays entering
e. Thus, there is a

ptical frequencies are extremely large (~

ptic sensing system can gather mformatmn
ent etc.
Endoscopc working on the prmuple of OptICdl fibre is used to see the inner parts

4. Fibre Optic technologles are used in Opto- electromcs heterodynmg SyStems optical sw1tchlllg
etc.

— 0
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of incident radiation u(v).

UNIT -V

LASERS AND HOLOGRAPHY

LONG ANSWER QUESTIONS

Q. 1. Derivethe relation between Einstein coefficients.

Ans : Einstein coefficients explain. The probable occurance of absorption and spontanious and stimulated

emission of radiation.

The probable rate of absorption tr

i.e P, ocu(v)
P,=B, u(v)

The probability-of spontanious emission depends only on the nature of states 1 and 2.

1eP A

But stlmulated enussion depends on #(v)
&P =4, + B,, u(v)

Hered, , B,,and B, are known as Einstein coefﬁcients

Let N, and N be the number of atoms in state 1 and 2 respectwely

ansition from lowerstate I to higher state 2 depends on the energy density

—(2)

The numbel of atom instate 1 that absorb a photon and rise to state 2 is given by

=N, uw)
The number of atoms that cause emmission is given by
N2 =N L[4, + B, u(v)]

In the equ111bnum state absorption and emission must be equal.

1eNP NP

2t
N,B, ulv)= N,[ A, +B,u(v)
=NAy, +N, B, u(v)

u() [N,B,,-N,B, ] =N, 4,, . u(v)=

Asy 1

Bar !)L[B_)l]
Ny \ By ) |

u(v).=

(N,B;, - Nsz1) .

—0)

—4)

Accordmg to Boltzman distribution law the number of atoms N, and N in energy states E and E in equilibriuim

is given by

o -Ej/KT . Rl
N, =No e ™™™ 5 N _ No ¢ F2/KT

N, e F2/KT

3 T T CE/RT g (B2 EWET _ o~/ KT
N e 71 '
(Vg

Ny _ -hv/ KT

ulv)= A !

g 331 ehv/KT(E_Iﬁ,J_{l |
o By

According to Plank’s law,

where E,- E =hv

——(6)

e (7)
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, Shv® d
u(v) = 3 ( IVIKT _ 1)

‘Comparing(7) and (8)

)

A 81‘[1’?,\23 B;g _ !
E;%zc—? and EI__]O"B;_?:BN

From above equalities,
“As B, = B,,, The probability of stimulated cmission_ is samc as

Ay '

et o 3 . . ;

B., %V ie. This shows that the pro
21

induced absorption.
2°

bability of spontaneous emission increases rapidly with energy

difference between two states. .
0. 2. Describe the construction and working of Ruby Laser ?

Ans : Ruby Laser is a solid laser. Main parts of the LASER.

i) Active working material : It consists of 47,0, rod Smm diameter and 30 to 50 cm long cylindrical rod in

which some 47,0, molccules are replaced by cromium atoms (Cr,0,) at abf_‘llf, it is called as ruby rod. The active

material is Cr+* ions. : ‘ :

ii) Resonant Cavity : The end faces of the rod are made strictly paraliel and polished to a high degree. Then

the end faces are silvered in such a way that one face is fully reflecting and the other end face is partially reflecting.
The space between two mirrored faces is known as resonance cavity. The distance bet_wecn the two end mirrors, [

must be as per the equation,

lasers are dead lasers.

is arranged round the ruby rod. This tube gives light in
g'reeri region. This green light is absorbed by Cr* ion's
and yield to,lasing action producing monochromatic -
laser beam, T,

with chromium as impurity. The energy levels .dvie to

_mc_ aC
 where v — Laser frequency ' m— Infcgl'al multiple
o — Phase change'in reflection- L = Length of the rod.

If the mirrors are non parallel or the above equation is not satisfied, no laser beam will be produced. Such

(iii) Pumping system : Ahelical x_endn flashtube 7~ — - 3

(5600 A")

S LASER -
(6943 A)

Greén I-ight
Red light

Ruby crystal consists of aluminium oxide 4/ 0,

chromium are used in ruby laser. They arcshown as 1 - ' s ' : 1
and 2 in figure. When the ruby crystal is illuminated by i . Fig.
very intense green light, more than half of the chromium, ' : '

atoms contained in the crystal, ean be transferred to level 2, i.c., to obtain an ‘unnatural’

ratio between the population

of the levels required for the working of lasers.

The design of a Ruby laser is shown in the figure. _
- A pumping flash of green light appears when capacitor C is discharged through a.gas .discharge tube T

‘contained in a rcﬂecting house /1. The tube T forms a spiral around ruby rod R havin g accurately polished plane

parallel faces to which mirror coats are applied. As soon as the pumping flash accumul
atoms is level 2 (first ﬁ‘gurg) as compared with level 1, the lasers action begins.

ates a sufficient surplus of
The photon get reflected between the

two parallel surfaces of the ruby crystal for a number of times. As the distance between the two faces is kept equal
to the integral multiple of the wavelength of the light formed. by the photons, the light corresponding to this ‘
wavelength increases and the light having a different wavelength is diminished by the destructive intérference.
When the emission of photons overtaken the absorption in the ruby crystal a light beam with tremendous intensity
is created and it comes out through one of the plane surfaces of the ruby crystal which is'partiall-y silvered.
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In ruby lasers, a very great surge of energy is put into the flash lamp, which 8.
m turn gives off a ‘burst’ of very intense light and the ruby crystal laser. This

‘ process is then repeated and the crystal laser with each burst. The ruby lasers are
therefore, known as pulsed lasers.

0. 3. Describe the construction and work:'ug of He-Ne laser ?
Ans : In general,

- atoms in the excited state emit quanta of light and tries to come to the ground state. Thus

there will be more number of atoms in the ground state or lower energy level than those in the excited state or lower
energy level.

If more .atoms can be kept in the proper excited state th'm those i

in the ground state that is known as
" population inversion. _

The gaseous lasers such-as He—Ne lasers can be pumped into excited states contmuously and are called

continuous wave (CW) lasers,

In solids, the energy levels formed by different phenomena are very elose to.each other. But energy levels in

gases are formed by electrons only and are far from each other. That is why, the speetral lines in the spectra formed

by gases are very sharp More over in gases the transitions from the excited states are very much delayed. Thus

gases are perfect media for the prorjuctlon ofa monochromatlc laser beams This gas is'contained ina- glass tube and
placed behveen appropn ate mirrors.

\ ] .
1€, ; % : B.q : \\’-——Nea .
S 6328A
He § e

1

-
. @

Fig. ;
The most common of this type is the helium-neon laser that was ten parts helium and one part neon. The
neon atom provide the energy states for the transitions while the hehum provides a mechamsm for efficiently excitin g
these neon atoms to upper'metastable states. The figure shows the energy level dlagram for thei important states in
the helium and neon. o : .
When an electric ﬁeld is applied across the laser, electrons collide with hehum atoms and drive them 1 intothe
upper states labelled He, and He,. These are metastable states. Thus the atoms remain in these excited states long
“ enough to interact with neon atoms in the ground state. This interaction exites the neon atoms to their metastable
states., labelled Ne, and Ne,, where they stay unt11 laser transitions take place from these states to the states 1abelled
INe and Ne ” respectwely The lasing fransitions that take place and are reinforced topr oduce the laser beam depend
on the construction ofthe glass envelop and mirrors. This is controlled by choosing amirror with maximum reﬂectmty
at the wavelength desired. These lasers are continuous bécause the collision pmccss mamt'uns the energy states
Ne and Ne, at large population invesion gives continuous lasing action. :
The figure 64 shows the He—Ne gas laser which
produces-stimulated emission and hence a valence of
- photons. This gés laser uses mirrors that reflect as much
~ a895% of the radiation bac}c into the tube. The ‘Brewster
windows’ shown are not necessary for lasing; but they
are frequently used since they make more efficient use of
the radiation available, _emd they . cause the lasing

Te Dlain

> A& gy Efedie

radiation to be photons are produced so that more
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' , " e ¢ sent back into the tube
Photons are produced than polarised. Thus, photons of the proper ﬁequen;y ar ot mirror is e to
i * . . H u
produce a cascade of similar photons. When enough absorbed, lasing begins. T te Olu pa]lows part of it to ley ? .
dielec'trically coated mirrﬁr that reflects most of the radiation back into the tube but also Ave

the lasers. .

. 4. Write an essay on Holo raphy ? o 5o 5 - )
s : Z;sm ”.lthe \x;‘ord “Holigliaphy” originates from the greek “holes ThedNIts ljfuhc(;e\a]\:'nllloif bhy th’(S‘
word it gives the meaning of whole information about the wave both ‘flbOth its E{Jmptl i asr epd eltse
Denis Gabor in 1948 invented this type of recording. In 1963 E.Heith and J.Upatn prep aser
holograms for the first time. ; -

? Holography is a process by which the image of an object can be recorded b'y WEVEffOﬂthTeCODTITHCHoq_
It does not record the imzfge of the object being photographed but records the light waves themse ves. The
record of light waves thus produced'is called a hologram. ) .
Principie : When an object is illuminated by light from a coherent source, eac'h Pomt on the Obj.ect
becomes a source of secondary waves. These secondary waves (0,0,0) spread out it in the Surrounding
medium, with amplitudes characteristic of the different points in the object. The reflected _Wayes are also
coherent and the path differences depend on the cotinters of, the body. These interfere and the interference
-pattern is produced. This pattern is characteristic of the object alone.

The amplitude pattern recorded in a suitable wayina - il 4
holqgram. Whgn' this record is illuminated with a coherent R rdFa
source again, the original amplitude pattern is reproduced B : /%‘
giving rise to the: original amplitude pattern is reproduced

. giving rise to the original impression of the object.
Recording : The laser beam is divided into two different
beams. The first beam (R,R,R) is reflected into photographic:
plate P. by means of a mirror, The second beam illuminates
the object. Now the film js exposed simultaneously to
reference beam and reflected beam from the object, .'

Since both the beams belong to the same laser wavefront, they interfere in the photographic plate.

Thus we obtain a characteristic interference pattern on the-ﬁlin. This film is called a hologram.

Reconstruction of the image : Remove the = :
object and put the hologram in the place where it was
when formed. Now look through the hologram, one -
- will see the object. at its'.r previous position, When -
- reference laser beam is directed at the hologram; part- -
of the light is diffracted through the hologram forming
3-dimensional image. It form virtual image also, The

real image can be photographed without the aic_l of =
lenses. - ' :

by a plane wave from of amplitude E as

Er o AT gitkz-w)) ’ The- ot ey 1 TR A ot (1)
The reflected wave fronts from the objects are spherical and gq can be represented |
N B & Ag éi[Kr-mlJ
IS . T P A T @)

The photograph receivés both ‘the amplitudes
ieE=E +E, | - |
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=|E, + [’ |

AUAJ‘ efK(r-—g) A A

= |Ar|? + AD + oiK(z-r)

The above equahon can be simplified by choosing constants K and 0.

IAI +( )2 L g K -2)+9)

r

First twaterms gives the amplitudes distribution on the film. The third term gives the interference pattern of
the plane wave E_with spherical wavefront E . Thus produ

ces a set of circular interference fringes on the film.
(i) Reconstruction : The power of transmission

of holographic plate is given by
T=1-Ia ;  “ '
wherea is a constant : -
1 .
T~1- ——Ia
When the holoolamls 1llummaled by light, the ﬁransmltted light is'given by : )
E=TE, _ - S
= (IL-iIOLJA ei[K?—mf) o - o ach ‘- :
- Substituting Ivalue in aboveeqn - - :
o, 2 alArf . A : . )
. ?_.2_[Ar| — A.r_ef(Kz%m’). o Ah,y ikir) Ae (Kz—mt) a AoAr eiK(z) 4 gilKe-at

2 ;2 r

In the above equation,: ﬁrst term represems altcrnated incident wave, -
The second term represents the virtual i image and the thlrd term represents real i 1mage,

Properttes of hologram :.(i) The hologram acts like a dlfﬁacnon grating, It producés two ﬁrst order
dlfﬁ'acted beams. One beam forms real i image and the other vrrtual image.
ii) Each section of hologram is capable of producing i image of entire object. .
; ~111) The viewer always sees a positive image whether a positive or negative hologram is used.
1v) The information about a point object is.recorded over the whole area of the hologram.
v) A single hologram can be used to record waves ﬁom several objects or several
and reconstruct several constructlvely recordcd 1mages.
; Appllcatmns of holography :

states of the same object

Holography has wide range of application in science and teclmolog:y . 1
i) It can'be used to study the image formed by sound.

ii) The distribution of strain suffered by a body can be studied,

. 111) In cmematography and telewswn three dimensional i mmg,es can be produced.
: w) It is used in microscopic. study

v) It is used in spatial filteration and character reccgnition.

SHORT ANSWER QUESTIONS |

\

Q.1 State and explain spontaneous and stimulated emission of radiation.

Ans : Spontaneous emission : Light is absorbed or emitted by particles during their transitions from onc cnergy
State to another. The atom absorbs a photon and goes to higher energy state. The excited atom afier short interval
oftime 10-* sec, it falls to its lower energy state by emitting a photon.
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external influence is known as spontancous emission.” This emission df:pi‘.'nﬁc t
- eren
* transition. The spontaneous emission is random. So, the rddlﬂil(m contains di
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I B, E, hv
hv i ;
iy e, e N
Fig.

. i : ission of radiati i
The excited atom jumps back to its ground state on its own accord. “Thus the cmis op With gy
ds on the type of the atom and typ, of

wavclcn gths and is in coherepy

It has broad spectrum. =
Stimulated emission : Suppose and atom is alrcady in cxc1tcd E, BE— b
state E, at this moment a photon of energy iv = E,— E, is incident on hy ' . . i B
the atom. The incident atom stimulates the emission-ol similar photon.  E; E; '
Now the atom returns to the ground statc in time much sooner than ) ' Fig.

10" sec.
“This the process of speeding up the atomjc transition from the excited state to ground state is calle

stimulated emission”, The stimulated emissien is proporﬁlonal to the intensity of incident fadiation.
The emitted radiation is coherent with incident photon It has the same frequency and phase as the incident

photon. These photons in turn stnmulate two more atoms Thus they form the source of intense and coherent

monochromatic LASER beam.
Q. 2. Distinguish between spontaneous ard stimulated emission.
Ans : The distinction between spontaneous and stimulated emission is as foilows
Stimulated emission -

1. Transition also occurs from higher eriergy level

Spontaneous emission -
1. Transitic)n' occurs from a higher energy level

toa lower energy level. - tolower energy level. :
2. No incident photon is requn ed. ; 2. Photon Whose energy is equal to the deference
o of two energy levels is requlred
3. Single ‘photon is emitted. = - 3. Two photons with same energy are emitted.

The energy of the emitted photons is double

4. ‘The energy of emitted photon is ’equlaﬂ to] 4.
the energy of stimulated photons.

. the energy difference of two levels.
5. This was, postulated by Bohr. | 5. ThlS was postulated by Einestein.

6. It-is instantanious proéess. & 6. It is induced prqcess.,

Q. 3. Give a brief note on Popu!atmn inversion. :
Ans : In the process of Laser operation, an mc:dent photon of right frcqueucy can produce atomic transitions

either upward or downward. Both Processes can occur with equal probability. In the upward transition the incident
photons are absorbed by the atoms. It decreases the intensity of the radiation. In the downward transition, photons

-coherent with the incident photons are emitted. It increases the intensity. The total change in the intensity depends

upon the process which predominates. In 2 normal condition there are number of atoms in the ground state than in
the excited high energy states. Hence the probablhty of the absorption of photons is more than the stimulated
emission. If by some means a large number of atoms are made available in the excited state than in lower state,
stimulated emission is increased. The condmon where the number of atoms in the excited state exceeds that in the

lower state is called “Population Inversion”.

Q. 4. Expluin the principle of Laser ? ; i
Ans : Each and every system consists of an active medium having ions or molecules or atoms possessing at

. least one meta stable state. The active medium is placed in resonating cavity having reflectors at its ends and an

electrical or optical pump to excite the atams of the medium.
The basic principle of all lasers is to first bring about population inversion, i.e., to have more atoms in the

metastable statc than that in the ground state. This is done by supplying suitable energy to the atoms of the active
medium with help of a pump. ThlS process of bringing ctbout popuIatlon inversion is known as ﬂuroscent or

phosphorescent ph oton.
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As this photon’ happens to pass near by other atom, in simil

to emit similar photons which in turn make other atoms to de ex
medium, they are made to move to and fio in the medium
intense beam of photons by de- -exciting more and more at
found to possess same frequency, direction
constitutes a leaser beam. To obtain continu

ar metastable states, stimulates them to de-excite
ite. Before these photons escape from the active
several times a second by reflections so as to build up an
oms of the medium. All photons emitted in this way are
and speed as that of primary photon or stimulating photon. This
ous supply, the pumping is continued.

Resonating cavity

ey

>

laser '

'

Aclive medium

' : @ Electrical pr
‘optical pump

Fig

0. 5. What are the applications of Laser? o

Ans : The laser beam has two special features not avallable in 11ght from or dmary Sources.

i) Narrow band width : This results in high mt)nocht omaticity or high temporal coherence of a laser beam.

ii) Narrow angular spread : In usual sources of light each emission occurs in random dtrectmn 50 that a
directional beam is obtained by using a limited. aperture and a colllmator In contrast in laser the emission from .
different atoms are coherent in phase and direction so that the radiations come outas a parallel beam. That is why the
energy flux in a laser beam is very h1gh Thus natrow anguﬂar sp1ead lcsults in htoh dtrecttonahty and hence high
intensity or large spatial cohérence. ; 5wl , S i

Due to high monochromamty, hi gh directionality and coherence a laser beam may be convemen tly used for-
interference experiments. TR ; : Iy '

The narrow band width of a laser beam glves rise uses of lasers typlcally in commumcatlon systems and

' computers )

' Lasers are used in Raman spectroscopy Using Lascr beam Raman spectrum can be obtamcd from much”
smaller samples and fastér too. Hi gh directionality of laser beam enables laser Raman spectra to show finer detatls of
energy level separation of molecules while high intensity leads to additional mformatlonf

Narrow angular spread of laser bearn makes it avery useful tool for communication with earth satelhtes and
rockets to moon and other planets. The earth moon distance has been measured accurately with the use of lasers.
. Thenarrowangular spread ofa laser beam results in focussing of laser beams on very small areas of the order
of 10°m>2 Asa result with a laser ofonly~0.1 watt power, an image of intensity ~ 10°watt/m? may be obtained. These
considerations lead to the use of lasers in industry and medicine. In industry a laser beam cani bore a narrow hole

 through thick sheets of metal; because- it melts the metal where it falls without affecting neighbouring parts. In-
lhedlcme micro- surgery has been possible since laser beam can destroy any har mful component without ser iously

damagtng the neighbouring regions. : _

: A List of some useful LASERS

[ Active Medium LASER Wavelength (mM) ~ Nature )
He-Ne ' 0.6328 _ Continuous
I Continuous .
7 3.3912 T Continuous
Co, ' ‘ 106 ' Continuous
Rut)y
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(A1,0,+0.05%Cr) 0.6943 Pulsed
Nd-Y, . 1.06 Pulsed
. Nd-Ca WO, 1.63 Pulsed
© Ar-lon 0.4579 Continuous
0.5017 Continuous
04727 -Continuous
04658 . Continuous
04965 Continuous -
0.4765 Continuous
He — Ccl 04416 Continuous
. 0.3250 Continuous
Klr—lon 0.4762 Continuous
-0.4825 Continuous
0.5208 ' Continuous
0.5309 E Cnﬂtinu_bus
0.5682 Continuous
0.6471 Continuous -
* For both' English and Telugu media.
i 2% 5
i e S




PHYSICS PRACTICALS

1. NEWTON'S RINGS - COMBINATION METHOD

Aim : To determine the ¢
with the combnntmn of convex 'md concave lenses,

adius of curvature of the given concave lens by formmg Newton's rings

Apparatus : Convex and concave lenses combinations, glass plate, black paper, travelling

microscope, a glass plate fixed to a stand and sodium vapour lamp.

Procedure : }*o_rm'umn of newton's rings with the convex lens.

Fig.

The glass plates and the lens are cleaned well. The glass plate p is placed over a black paper under .
the microscope and is focussed. The glass plate G is fixed to a stand and is placed at 450 to the herlzontal

so that '

the light.form the sodium vapour lamp falls nonhally on the lens‘as,

shown in the figure. By adjusting the lens and the angle of the glass
plate G. Newtori's rings are formed and are observed through the
microscope M placed above it. The microscope is taken to one side

through a definite number of rings. Then the cross wire is placed:

. tangential to 20th ring and reading of the vernicr is noted on the
horizontal scale. Then by moving to-different rings till Sth ring, the
vernier readings are noted. Then on the other side also for the same
rings the readings are noted and tabulated. From these readings, the
diameters of different rings are obtained. A graph is drawn between
the ring nos and the square of the COI‘lprUl]dlllg diameters, The

radius of curvature R, of the convex lens is calculated by using the

formula )
{ (b2 -p?) ]

4 A (m- n)

where }, is the wavelength of the light used.

= :
P LZZZZZA

A A

Fig

The experiment is repeated with the combination of convex lens L, and the concave lens L,. The
convex lens L, is placed above the concave lens L, as then R is ca[culatul using the above eqn -

e

4 1 (m—n)
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- IfR, is the radius of curvature of the concave lens

1 1 1
_R-R
RR,
Gy R R, -
LR g
* Observations . s : ' B
When the convex lens is used : Trae . 5
No.of the ring | Microscope Reading =, Diameter D?
A Left | Right - ' D
20
19
18
5.
D2 _p* . ]
Radius of curvature of convex lens =R, = m:---?---icm‘i g )
 when the combination of lenses is used o c o
No.of the ring| ~ Microscope Reading ~ Diameter 2 ‘
Left | Right .| "~ . p | |
: \ ) 2 _ 2 :
Radius of curvature of combination R = ——*——"—=........ cms.
# ' " A (m = n) ,
. : R R
Radius of curvature of concave lens = R ==

2~ R -R

Precautions :

1. In order that there is less error in D? —Di , the convex lens should be of larger focal length and
should be also thin. ' : : ; :

2. When viewed through the tral.velllin

g microscope, the point of contact between
and the plane glass plate P’

the convex lens L,
should appear as a black spot (dark ring). Otherwi

se; the lens and the
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plate are not clean. Once again, they should be perfectly cleansed with benzene or spirit.

3. The reflecting glass plate G shouled be carcfully tilted such that the light beam falls on the lens by
normally. ‘ :

Care should be taken to see that there is no back-lash error while taking readings with the travelling
microscope. For this, the screw should be rotated in a single direction.. This is why we move from
* R.H.S. of 20th dark ring to R.H.S. of 18", 16% ... etc,, dark rings and then L.H.S. of 2", 4" @
.o €tC., dark rings from right to left only. '

5. We should ensure in the beginning, itself that all the 20 dark rings in full appear completely in the
field of view. - : . -

VIVA-VOCE QUESTIONS AND ANSWERS
- What is the cause of Newton's rings formation ?

Ans : Newton's rings are formed due to the interference of light.

2. Are the Newton's rings formation is

in accordance with the 'Corpuscular theory' proposed
by Newton or not ? e T ' ‘

Ans : Newton's rings are formed due to interference of light-and Newton's corpuscular theory could not

account for interference. It is only Huygens' iave theory that can explain interference.

To which class of nterference Newton's rings belong to 2,

Ans : Newton's rings are due to interfererice by division of amplitude.
Is the central ring of the system of Newton's rings a dark ring or a bright ring? Why ?

Ans: The central spot (ring) is a dark ring. Even though the p'ath"c‘i'iffefence.is zero here, it is not a bright

ringk. This is beczi_use, in the reflection at the glass plate (a denser.medium) there will be an
additional phase difference of  or an‘additional path dﬁfferenc_e of —.

As the number (or order) of the ring increases, fhé_ distance between the consecutive rings
gets decreased (and they come clésure and closure). Why ? o

Ans : In the case of dark rings.

roa \/; (n = nur_nBer of dark ring). .

o

7, =7, = Aln = Jm. For consecutive rings m = 1 — 1 and hence.

A A Jn = fn=1. Clearly,as n increases, this value get_s.decrcasede and hence the distance’
between consecutive dark rings gets decreased, '

Same is the case with bright rings also where r, a J2n—1

In this experiment how do you get the required coherent beams for interference ? -

"Ans : Part of the incident ligl{t (on the lens L, and glass plate P éystem) gets reflected from the upper

surface of the air film and part of the light gets passed through the air film and gets reflected at the
plane glass plate P. These two are derived from the same source and hense form coherent beams of
light. The extra distance passed through the air film (twice) provides the path difference.

What are the conditions required for sustained interference ?

Ans : For a sustained interference we should have
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ould be coherent. That is, they should be having the same frequency (or

- 10.
Ans:

11.
Ans:

12,

AHS :

§ .

- Ans:

1. The interfering beams sh
wave length) and should have a constant phase relationship.

2. The amplitudes of the two waves should be equal so that therc will be maximum contast be‘WCCn

the bright and dark fringes (rings).

. "What are "Coherent" sources ? i
g S— ght waves having a constant phase difference

Coherent sources of light are those which plOdllCC lig
between them. This constant phase difference may be zero a

be in the same phase.

Jso in which case the two waves wj||

. What is interference ?
Ans :

The changes in the intenwsity of the resultant of two d1fferf:nt waves duje to super position of one

over the other is called interference.

Here, where are the interference rmgs formed ?

When viewed through the microscope the rings appear to be formed inside the air film between the
lens and the plate. (Actually the interference takes place only when the two beams come out of'the
lens vertically up. There is only one beam of light travellmg inside the air film).

Why are the _mterference fringes formed here are in the shape of c;rcles ?

The condition for dat_‘k fringes in intérference is
2ut Cos r = nl — destructive intqrferénqe Wil
{ = Thickness of air film. _ | _
For normal incidence r = { and cos » = I and for-air u =/ - :
Condition for destructive interfel:e_rlce. is,\é t=nl ‘ : '(2-)-
Similarly, condition .for constructive inerfcrenéc 'is, 2t=(n-1) 3 3)

Why is a sodlum _vapour lamp used in tlus expenment ?
For sustained interference we should have the two light beams of same frequency (or wave length).
Hence we have to use a monochromatlc source of [1ght ;

What happens if we replace sodium light by mércury light (or white light) ?

In that cae we get rings of different colours. The rings will be violet in colour at the centre and red
in colour at the outer most region. However, when the number of rings exceeds seven m=7)

. different colours get overlapped and we see only white colOUI As this is of umform internsity, there
* will be no separate dark and bright rmgs _

14.

Ans :

What i is the use of Newton's rmgs )

Fcrmmg Newton's rings we can

.a) determine the wavelength of a monochromatic beam of light.

b) determine the radius of curvature of a convex lens,
¢) determine the refractive index of a liquid. _
d) determine the coefficients of ‘expansion of a crystal.

LCLT
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2. RESOLVING POWER OF GRATING

Aim : To determine the resolving power of a grating with a spectromer.

Sem-2, Physics

Apparatus : Spectrometer, plane diffraction glatm qodium vapour lamp, a rectangular slit of
adjustable width, travelling microscope.

Procedure : The pr elnmnaly adulqtmenm of the spectrometer are done. The pr1mary adjustments

of spectrometer arcto be done as explained. Then hollow prism s filled with cxpcrmental liquid. Then the
hollow .

prism is placed at the centre of prism table such that both
refracting edges of the prism is placed at the centre of prism
table such that both refracting edges of the prism are facing the
collimator symetrically as shown in fig. Then the prisim is fixed.
The telescope is released and rotated to observe reflected image
of the slit from one face say AB. The tangent screw of the
telescope is worked until the reflected image coincides. with
vertical cross wire. The readings of the two verniers are noted.
The telescope 1s rotated such that the reflected image of the - .
slit from second face AC is focussed. Then readings of both / %
verniers are noted. Then differénce between the respective

readings of the vernier gives the value of 2A, from which the ',:-;a: _ . N
refracting angle can be determined. -~ S NP 1 3 : mop,

cOLLIMATOR

1

Fig
The sht of the speotrometer is illuminated with sodlum hght

The grating is mounted on the prism table such that the r ullings are parallel to the slit and perpendicular

to the prism table. The grating is adjusted for normal incidence. An adjustable slit is arranoed in front of
the objec:twe of the telescope. -

- The telescope is turned.to observe the two yellow lmes (D, and D ) of the first order spectrumon -
right side. The slit is narrowed down until the yellow lines just merge. The reading of the spectrometer is
noted. The slit is removed from the telescope and its width a is determined using a microscope. The
experiment is repeated.for the first order on the left side and the width of the slit a, is determined. The -

average "a" of a, a, is noted. The expect is repeated for second order spectrum and the readings are
tabulated. If "a" is the crmcal width of the slit as measured with the travelling microscope, then light enters only
= i ‘

through a portion ‘_S_Q_ of the grating where ) is the average angle of diffraction for-D, and D, lines.
Cco : i : :

The resolving power of t'hc-por'tion of the grating is cqual to ;f_): where 4 isthe mean wave length of the
D and D, linesandd A is the difference in W'welenbths The reqolvm}_., powex of the total length of the grating =
)L Tcosf. '
— X
dA a '
Where [ is the length of the gratmg The resolving power of the grating is also equal to Nn where N is the

total number of lines on the grating and n is the order of the spectrum Thc experiment is repeated for the second
© order.

Observations :
‘Total number of lines on the grating N =

| Length of the grating / = -
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| Order Reading of the Spectrometer - PRl i, hisll Mean 2n
- Vernier I Vernier 11 Vernier [ M_
Left| Right | Left] Right X~y X'~y

X y X! y!

' ' A lcos
0. a a, |[Meana e

‘ : . a

The result in last two columns will be found to be equé.l.
Result : The resoiving power of the 'grating =
Precautions : '

1. The preliminary adjustments that are to bc attended to w1th a spcctrometer should be all carried
out meticulously. ' :

2. To avoid any backlash error; the micrometer screw and the trwellmg 1mcrometer screw should be
moved only along one direction. :

3. The edges of the slit used for ﬁndmg cntlcal w1dth should be cleaned per fectly

4. The grating plane should not be touched with hand. WL should handlc thc gralmg only at the edges
having cover over them.

> The plane of grating should be normal to the incident light.

VIVA~VOCE . QUESTIONS AND ANSWERS
1. What is meant by resolvmg powcr r

Ans : The ability of an optical instrument to scpautc and show chstmctly two spectral lines having very
close wavelengths is called the resolving powedr of, the instr ument. ' ;

2. Which instruments do possess the resolvmg power ?

Ans : All OptICB,I instraments like a grating, a telescope and a human \eye will be liaving the resolviﬁg _
power. w5 - : ,

3. What is the cause for the reselving power ? .

Ans : Tt is the phenomenon of diffraction that gives rise to the 1csolvmg pwer of an 1nstrument
4. On what factors does the resolving power of a grating dt.pend on?
Ans : The resolving power of a gratmg dcpcnds on (1) order of thc spectrum (n) (2) Total numbm of ]mes
(N') on the grating. :
5. Does the resolving power of a grating depend on the grating element or not ? ?
- Ans: The resolving power of a grating does not depend on the gratng ¢lement (e+d)or (a+ b)
- 6. In the case of a grating what is th¢ difference between its 1esolvmg power and dispersive
power ? - ;
Ans : In the case of a gratmg . T

(A , _ S
) LHESESBIFIE PORGERE ~ [g,f] = N'n. It is its ability two separate and show distinictly the

diffraction maximum two wavelengths A and 1 + ¢ that are veryrclose to each other.
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3. POLARIMETER

A'““ TO dete1 niine the specific I‘Otatlon of an optlcally active substance, say cancsugar. using
Laurent's Saccharimeter. . -

] . . ) . . .
Apparatus : Laurents's saccharimeter, sodium lamp, cane sugar, distilled water, balance etc.

;‘he ESISIEi‘ltlal parts of Laurent's saccharimeter are represented in the fig. Light from a source S is
renderd parallel by means of a convex lens L. The emer gent parallel beam passes through the polarising

nicol P.N. and then illuminates the half shade H.S. The emergent beam is viewed through an analysmg
mcolA N and a long tube with glass ends.

The analysing nicol and the telescope are fixed in a tube capable of rotatmg on its axis. The position

of the analysing nicol may be observed by means of vermers attached to it moving on a fixed circular
scale ;

Principle : The half shade consists of two semi circular placed side, by side, plates one of them
being a quartz plate cut with its optic axes parallel to the refrac cting surfaces and the other a glass plate of
such thickness as to absorb the same amount of light as absorbed by the quartz plate. The quartz plate is

a half wave plate which introduces a phase d1fference T between the ordmary and- extraordmary rays.
The

" polarising nicol transmits only its extraordinary ray With vibrations parallel to
its principal plane Suppose the plane of vibration of the light incident on the
half shade is OP which is also the prmcnpal plane of the polarisation nicol.”
The plane of vibration of the incident Jight continues to be OP after passing
through a glass. But the plane polarised light incident on the quartz plate will
be split up into components polarised in two mutually perpendicular directions.
They travel in the same direction but with different velocities. After emergence

~due to the acquired phase difference 77 , they recombine to give plane polarized
light with its plane of vibration ()Q so that OP and OQ are equally inclined to

the principal plane AB of the quartz plate. The rays transmitted through the
right half are :

Fig

H

characterised by their vibrations along.OP and the rays transmitted through the left half (1 €. passing the
half wave quartz plate) are characterised by their vibrations along OQ, both being equally incident to AB.
- Of these vibrations the analysing nicol transmits ‘only vibrations patallel to its principal plane. The two

halves will be.equally bright or equally dim when the principal plane of the analysing nicol i is either parallel

or perpendicular to AB. In any other position of the analysing nicol one half appears ‘much brighter
compared to the other.

Procedure : The tube "I" is filled completely with distilled water leaving no air bubbles inside and is .
introduced in the polarimeter between the half shade and the analysing nicol. The analysing nicol is rotated
till the two halves appear equally dim. The vernier reading is taken. The position of the analysing nicol is
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‘ _ The means vernier re
disturbed and the point of equal dlmnc.ss is obtdmcd from the other side. T ading ;¢

of distilled wat
‘calculated. A weighed amount of sugar, say 10 gms. is dissolved H; 10?1 ca;d filled with thi :(';];tltld the
solution is filtered. The-tube is taken out emptied rinsed with sugar so LlI 10 sosiente gl s lon jy
place of water, leaving no air bubbles inside. The tube is replaced in the pol yser i

tation @ oft
rotated to get the position of equal dimness. The ver nier readings gives the angle ofro 6 of the play,

of polarisation produced by the solution. If M gms of the solute is dissolved in V c. ; :l[; lglelzﬂivlent then
the concentration ¢ = (M/V) gms/c.c. Specific rotation p of the optically active subs alculateg

from the f_ormu]a
_100
cl

Cc
where "I" is the length of the tube in oms. The cxpenmc,nt is repeated for the concentrations -2— 7

8

& .
-and = and the c-orrespondmg angles of rota tions are obtained in each cash.

A solution of concentrations 5 s obtained by adding equal volumes of distilled water and T.hc
solution first prepared. In a like manner other Loncentlatlons dlso are plepared ‘
A graphis drawn between the ang,le of 10tat1011 and the Concent1 ation and it will be a stralght line.

Results : Length of the tube = e cms

Mean readmcr of the vernier with chstﬂled water = (9u ) =

Conicentration | Position of_thc analyser,mth Angle ofrotatlon 100 | 100 |
T et © solution € - ‘_ N i

Precautlons

1. The glass tube G and the metal screw caps of the polarlmeter should cb cleanscd to have no gl ease,
oil or due.

2. Case should be taken to see that there are 10 air bubbles along the length of the ;'r]asg tub'e &

3. The screw caps are to be closed after keeping rubber washers in between the glass tube and the
glass plates'used as air. Otherw1se when the SCrews are t1ghtened thele isa pOSSIblllty for the glass
also to acquire optical activity. - ‘

4. For the same reason as above, the caps are ¢ to be scrcwcd lightly.
5. itis better to dlstlll the solution so as-to remove tmpurltles

6. Readmgs_ should be taken only when the two halves in the H.S. are exiictly of equal brightness.
'VIVA-VOCE QUESTIONS AND ANSWERS
1. To which class of polarization does the light coming:out of P.N. belong to ?
Ans: Itisa plane polarised hght '

2. Why does the light passing through the NICUI prlsm get divided into ordmary and extra
ordmary lights? )
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Ans : It is due to double refraction,

3. How will be the plane of polarization and piane of vibration will be relative to each other ?

Ans : These two planes arc one and the same as per the most recent nomenclature.
4. What is the use of the protrudings on the glass tube G‘ ?
Ans :

- They ensure that there will be no air bubbles along the length of the glass tubc AHY (‘Fmﬁ”) air
bubble will go into the protruding region.

7
What is the dlsadvantage of having any air bubbles inside the sugar solution ?

These air bubbles obstruct the transmlsslon of llght through the solutwn and thereby give nsc to
wrong results.

Ans:

6. How do you define in words, the specific mtatory powcr of a sulutmn :

Ans : The specific rotatory power of a solution is defined as the angle of rotation of the plane of polarlsatlon
by a solution of 10 cm length and hwmg a concentration of one gm/cm3

4 _
7. Why do you gct the number 0 in S = 'TOQ ?
. ¢ - _
‘Ans : We measure the length of sofutign l in cm. But in\dcﬁnlitio_n, we havc to ﬁnd_lﬁ for 10 cm._(Of

10

‘decimeter). Hence 10 in denonmnator gwes rise to 7 in the tormula : =

8. In what direction Clock—wise or Anti clo’_ck—'w_lse will be the rotation of plane of polarization?

Ans : The direction of plane of pblarization will be clock wise in certain (optically active) substances and
will be anti clockwise in certain other (opti cally actlvc) substances. :

Substance like sugar solution, tartaric acid, comphor etc , will rotate the plane of polarization in the
the clock wise direction and are called Dextro—Rotaroty substances.

Substances like turpentine, fructose étc., th'lt rotate the plane of polarlzatlon in the anti- clock wise
direction are called Laevo-Rotatory substanccs L s :

9, What is the name for substances that rotate thc planL of v1brat10n of incident light ? ?

Ans : They are ca]]ed optically active substances
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T - WER OF ‘A PRIS
" 4. SPECTROMERER - DISPERSIVE PO ER | M
o : i ism by the spectrome
. Aim : The determine the dispersive power of the material of a given prism by the Spectrometer,

‘ ; . ; . lamp.
Apparatus : Spectrometer, the given prism and mercure vapour lamp- ‘
- ' ressed by the relation,

: . : ism is exp
Principle : The dispersive power of the material of the given p! ism 15 €X]

Y il o _
=1 | )
s ; . _ H, tH
where 4, and 1, are the refractive indicies of two colours and =757

#h — Jul'

Usually the colours choscn are blue and red so that @ =" g1, .

Hy — H,

Procedure : The usual adjustments of the spectrometer are made. The preliminary adjl{stments of
the spectrometer are done. The primary adjustments of spectrometer are to be done as explam'ed. Then
hollow prism is filled with expermental liquid. Then'the hollow prism is placed at the centre of prism table
such that both refracting edges of the prism is placed at the centre of prism table such that both refracting
edges of the prism are facing the collimator symetrically as shown in fig. Then the prism is fixed. The
telescope is released and rotated to observe reflected image of the slit from one face say AB. The tangent
screw of the telescope is worked until the reflected ilnége,coipqici_BS' with vertical cross wire. The readings
of the two verniers are noted. The telescope is rotated such that the reflected image of the slit from second
face AC is focussed. Then readings of both verniers are noted. Then difference’ between the respective
readings of the vernier gives the value of 24, -from which the refracting angle can be determined. The
refracting angle A of the prism is found. ~ Wl H,

where U =

Then the prism is mounted on the prism table and the position of the prism is adjusted to observe
the spectrum of the mercury vapour. Observing the blue linc the spectrum through the telescope;, the
prisms adjusted for minimum deviation position. Working with the tangent screw -of the telescope, the
position of the prism is adjusted so that the blue line is just on point of retracing its path after coming to the
point of intersection of the cross wires. The readings of the telescope for the minimum deviation of red
line are noted: The telescope is brought in line with the collimator and removing. the prism, the direct
readings on both verniers are noted. The respective differences give the minimum deviations for blue and
red colours. Their refractive indices are found by . ' '

in[AD) . ERTTINGL
. _sm 5 pr=sm(A+D,,).
T ( A] and  gjp (A]
: sm - : 2
. D
The dispersive power of the matcfial of the prism for blue and red colours is found by the relation. .
o= #}) o #}'
. -1 |
. The readings are tabulated as shown.
' Observations
’ #; . Jur-
Dispersive of own @ = S

u-1
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Precautions : 1. The prism should be adjusted for each colour %pcmtcly

Result : Dispersive power of the material of the prism=
Vernier 1

= Vernier 11 " Average j

m | Direct | Min Min Direct| Mi i
j in:

Colour|  Dev, reading | Dev. | Dev i

. : A reading | Dev, Dev, D
Pos pos pos -

Min L

| Blue

Red

' Precautinns :

0 There should be no parallax between the vertical cross wire and the image of the slit while taking
the readings of the positions of telescopé on the circular scale.

I\.)

s THET eadmﬂs on the circular scale are to be looked down vertically so as to avoid parallax error. The
Reading lcns and the torch light should invariably used while noting the readings.

i

. The slit should be sufficiently na1°row but.at the same time should be of sufficient bri,,hmess also. -

L

. Much care should be taken in adjusting the collimator to render the light beam parallel and the

- telescope to catch the parallel beam. Once: adjusted for this, the lengths of either collimator or the
telescope should not be altered further. '

VIVA-VOCE QUESTIONS AND ANSWERS

Why should we take readings from the two verriiers on the circular scale ? Is not one sufficient .
? @ :

=

Ans: The base of the circular scale may have some eccentnmty that is one side up and the other side

down. To eleminate the rror due to this eccentricity we read from both the verniers on elther side.
2. What do you understand by the dispersive power of a prism ?

Ans : It is the ability of the prism to separate different colours of the incident composne hght into their
. component colours and show them separately.

-3. What is the difference between deviation and dlspersmn 2

Ans : The incident light on a prism gets refracted through and eimerges out.in a d1ret10n away from the
" incident direction and bent towards the base. This is called the dewatlon (D). If the incident light is
a composite colour and consists of sever al colours then the deviations will be different for different

colours. This results in the different colours gettmg separ ated (dlSpeI‘de) while coming out. Thls is
called dispersion.

4. When will be the dispersive power ¢ of a prism be maximum ?
‘Ans’: The dispersive power of the prism will be maximum when it is in the minimum deviation posnmn

5. When the p]‘lsm is in the mmlmum devnatlon position, how will be the path of the lloht ray
~ inside the prism ?

Ans : When the prismis in the minimum deviation prism, the light ray will travel p'n allel to the base inside
the prism. That is the path inside the prism will be parallel to BC.

6. What is the need for adjusting the collimator to render light rays p‘uallel and telescope to
catch the parallel light rays ?

Ans :. This is all necessary to geta pure spectrum - no overlap of chffm ent colours aftcl dispersion.
7. What is a pure spectrum ? :

Ans : If the different colours in the resultmg spectmm (due to d1sper310n) dq not qverlap one over the
other, it is called a pure spectrum.

If the different colours get overlapped one over the other, it is called an impure spectrum.
The spectrometer 1s a convenient device used in the laboratory to get a pure spectrum
—0—
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5. DIFFRACTION GRATING - Ml NIMUM DEVIATION
Aim : To determine the wavelength of light using a plane diff: raction grating by measuring the apg,
of minimum deviation. 5 .

-

s, sodi our lamp.
Apparatus Plane dlffrdctlon grating, spectr ometcr rcadmg lens, sodium vap p

Principle : If a parallel beam of monochromatic light is incident on a grating such that the angle ¢

deviation is minimum, the wave length of light i is given by the relation

' i D .
2 8in (EJ _
SRR T S
. Nn
where D is the angle of minimum deviation, n is the -

order of the spectrum and N is the number of lines per
cm. ' : ,

I < OLLIMATD

Procedme The prellmmaly adjustments of the i .
spectrometer are done - n g he . / e

\

Fig |

Determination of Anﬂle of m minimum dev1at10n (D) : The vernier table is clamped andthe prism
table is released. The prism is clamped centrally on the prism table such that the surface of the ground
- glass is almost parallel to the axis of the collimator and the light from collimator incident.on the pohshed '
surface of the prlSI‘ll emerges out from the other pohshed surface as shown in the ﬁg

The telescope is turned to cbse1 ve the refracted 1mage of the slit. Lookmg at the i 1mage the prism
table is slowly turned such that the i 1mage moves towards the direct position. The telescope 18 also moved
~ so as. to keep the image of the sht in the field of view. At certain stage it.will be found that the i image

changes its direction of motion even though the prism is contmued to move in the same direction.

The refr acting angle A of the prrsm is found. The slit is illuminated with sodium light. The grating is
clamped to the prisin table The plane of the gratmg is adjusted to be vertical and pelpendmu]ar to the axis
of the collimator. .

_ The direct image of the slit is obser ved through telescope and by worlong the tangent screw of the
telescope, the point of intersection of the cross w1res is set on the i image of the slit. The readings of the two . '
verniers are noted.
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The telescope is moved to the left to observe th

. . . . . Cd. 1"‘ ] 1 H L) ~ y (1ot . & ‘ .
i released and it is rotated o the IefL Then the fcs iffracted image of the first order. The prism table

position and then trics to retrace its path
of intersection of the cross-wires. is
- respective difference on the verniers

it 0!‘(10_1‘ nnqge moves to the right, reaches a limiting
S DL. tl,.s(.opt: is fixed in this limiting position such that the point
1¢ D, line. The readings on both the verniers are noted, The

: . give the minimum deviation for the D Tne. Sitni )
is repeated on the right hand side for : 1 deviation for the D, line. Similarly the experiment

the first order D 1 . e
Y ¢ first order D line. The experiments is repeated for D, line.
- Crime y soatv i bard P 11 ;
1 i 1s also repeated for the second order spectrum on both sides.

The observations are tabulated as shown below, =

Precautions : After noting the readin

-snrethat it has ot alterd g8 on F?C]l ‘51de, the direct reading is again checked to make

Observations :

No.of lines pei‘ emon the grating (N) =

Direct reading  ver[ =

of the slit Ver 1l =
Fspectral Spectrometer Reading . Minimum .
Line Minimum deviation position - - “deviation ( Aw? X ¢ Sin?
- . : crage
Left R - e
7 | Right Left |  Right Nn
Verl | Verll {VerI | Verll | Verl | VerIl| Verl | Verll
DI
Dz
Precautionis s, « - . &0 iEnod et bt o, o
1. The preliminary adjustments with ﬁhe spectrometer-are to be carefully atterided to.
2. The grating should be vertical, with its lines parallel to the slit and in Normal - incidence position for

incident light. The%e arrangements should be carcfully attended to.”

3. The vertical cross wire'is to be coincided with the image of the slit without any parallax.

The readings are to be viewed in normal position on the circular scale.to avoid parallax error.

5 To avoid the error dué to the eccentricity of the base of circular scale we should take readings from
~ both the verniers V, and V. 2 '

k)

Grating should not be touched with hand. Tt should,be handed only at the edges (with cover).
VIVA:VOCE QUESTIONS AND ANSWERS

. What are the units in which the wavelength of light is qxpresscd 1
Ans :

The wavélength of light is expressed in SI in metre (m) and in C.GS. system in centimetre (cm).
But, it is conventional and customary to express the wavelength in Angstrom units or in nanometre
(nm) units. AT - : :

Iﬁl = 107" m = 10" cm and

Inm=10"m=107cm

CE Scanned with OKEN Scanner



' Sem-2, Phyy;
Study Material 76 lcg

‘ ' o . is’ omenon ?
2. What is diffraction of light ? What is the importance of this phen ‘

Ans : The light bends at obstacles that are very small (and j s L
and enters into the geometric shadow of the obstacle. This phenomenon 18 ealtcd diffraction o

light.

The phenomenon of diffraction of light clearly establishes the w
d, how should be the obstacles or apertures (in suc)

are of comparable size as of its waveleng

ave nature of light.

3. Inorder for the light to get diffracte

Ans : The obstacles or apertures (slits) should be of very small size - comparable to the wave length of
light (of the order of A).

4. How many kinds of diffraction are there ? What is the dllfercnce between them /s
Ans : There are two kinds of diffraction
1. Fresnel's class of diffraction and
2. Fraunhofer's class of diffraction.
5. What is a diffraction gratmg ; i

Ans: Thear rangement a large number slits of equal widths, parallel to- each other and at equal distances
' is called a grating. The separation between the consecutive slits acts as an opaque abstacle to light,

6. What is meant by gratmg element ? ' LRI R

Ans: The dlstanee between the mid points of any two consecutive slitsis edlled the gldtmg element or
grating constant. If the width of the slit is 'a' and the opaque distance between the two consecutive
slits is 'b' then the gratmg element isc=a+bas shown in. figure.

f' | ST E(mb)

7. How many number of line w:ll be there on the gratmg We use in our laboratory ?
Ans : Usually there will be 15,000 lmes perinch. dir .

8. What is a transmjssmn gratmg ?

. Ans : Ifthe lines engraved on a gratmg act as opaque obstacles.to light and the space between the lines act
as transparent slit it is called a transmission grating. We observe the diffraction pattern of the
transmitted light. :

9. What is the difference between interfereﬁce and diffraction ?

Ans : Super position taking place between the two separate wave fr onts that erlgmate from two dlfferent
but coherent sources is called interference. :

Super position taking place between the seeondary waveletq ougmatmg from different points of the
- same wave front is called dlffractlon

10. What is meant by order of the spectrum ? Do we have dlfferent orders of spectra in a-prism -
also?

Ans : The two spectra formed very close to the central maximum on elther side is called the first order
- spectra. The next spectra formed on either side away from the first order

spectra and close to the
spectra is called second order spectrum. So on and so forth.

In a prism only a single spectrum is formed (that is why the 1ntene1ty will be more

in a prism
spectrum). :

.
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6. DIFFRACTION GRATING - NORMAL INCIDENCE

Aim : To determine the wavelength of a gi ' i w '
e gth of a given source of light by using the diffraction grating i
normal incidence position, ght by using the diffraction grating in the

Apparatus : Plan¢ diffraction grating, spectrometer, spirit level, reading lens, sodium vapour lamp.

Description : A plane diffraction grating consists of a parallel sided glass plate with equidistant fine
- parallel lines drawn very closely upon it by means of qL

00 SeE il e . a diamond point. The number of lines drawn is about
:‘f, ) per mch. (The gratings used in the laboratory are exact replicas of the original grating on celluloid
ilm). : _ . '

- Theory : When light of wavelength 7 is incident normally on a diffraction grating having N lines
per cm and if @ is the angle of diffraction in the n the order spectrum, then '

nN ] =sin g
sin 6 -

or, A 4
Nn

from which 2} can be determined.

Procedure : The usual initial adjustments of the spectrometer are done. The primary adjustments
of spectrometer are to'be done as explained. Then hollow prism is filled with expermental liquid: Theh the
hollow prism is placed at the centre of prism table such that both refracting edges of the prism s placed at
the centre of prism table such that both refracting edges of the prism are facing the collimator symetrically
as shown in fig. Then the prism is fixed. The telescope is released and rotated to observe reflected image
of the slit from one face say AB. The tangent screw of the telescope is worked until the reflected image
coincides with vertical cross wire. The readings of the two verniers are noted. The telescope is rotated
such that the reflected image of the slit from second face AC is focussed. Then readings of both verniers
arc noted. Then difference between the respective readings of the vernier gives the value of 2A, from
which the refracting angle can be determined. The least count of the vernier of the spectrometer is found.

1. Normal Incidence : The slit of the spectrometer is illuminated
with sodium vapour lamp. The teles cope is placéd in line with the axis
of the collimator and the direct image of the slit is observed. The slit is
narrowed and the vertical cross-wire is made to coincide with the
~ centre of the image of the slit (T, in fig). The reading of orie of the .
verniers is notéd. The prism table is clamped firmly and the telescope
turned through exactly 92° and fixed in position (T, in fig).

* The grating is, helci with the rulings vertical and mol.}nted in its
holder ‘on the prism table such that the plane of the grating passes
through the centre of the table and the ruled surfacf: tow-ards the
collimator. The prism table is released and rotated until the image of
the slit is seen in the telescope by reflection on the ruled side of the
; graﬁﬁg. The prism table is fixed after adjusting the point or intersectio_n
of the cross-wires is on the image of the slit. Then the vcrnicrtab}e:l is
fixed in this position and the telescope is brought back to the dl}'.t:ct 30
reading position. Now the light from the collimator strikes the grating - Fig
normally, - LR . :

. Measuren;ent of 1.+ The .telescb}je is rotated so as to catch the first order diracted image on
one side, say on the left. With sodium light two images of slit, very close to cach other, can be seen. They
" are ' -
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called D and D. Tincs. The point of interscction of the crosswires =
cet on the D, line and its reading is noted on both the vermiers. Snmlarl_y
the reading corresponding to the D, line is noted. Then telescope 1S
turned fo the other side (i.c) right side and similarly the readings
corresponding fo D, and D, Tincs of the first order spectrum arc m'ted.
Malf the difference in the readings corresponding to any one lme gives
the angle of of diffraction @ for that lincs in the first order spectrum.

The cxperiment is repeated for the second order spectrum.
The number of lines per cm of the grating (N) 1= noted and the
wavclength J of the spectral Iine 15 found by the relation.

i s
Nn

Obseryations Fa
No_of lincs per em (N) =

Precautions : 1. Always the grating should be held by the edges. The ruled surfiace should not be
touched.

2 Light from the collimator should be uniformly mcdent on the entire surface of the grating

Result : Mean value of 4 for D les = am
- AU
Mean valuc of 3 for D, ling - om
- Al
LY R R ) "T"-' v | e T
Onder of e e 0| .
um . o | | , 8Sm
I“t‘::‘ Lane \ \ﬁ; _"—'!?2 S— T | Ver 11 ME 4:—4..Tﬁ
Lot | Right | Left | Rught! ! , Nn
IRURSREN VS Whoell Yo all Sl Sen.sel W |
! | 1 | - | 4‘
.* ] : : ‘, ! |‘
L
' l | | i :
] B
! | 1 | | |
| 1 ! | ; ' i
- J. !L | : ‘ _i ' |
Precautions :

I The pratimg should be vertical, with its lines paralicl to the slit and in Normal-incidence position for
modont hght. These arrangoments should be carefully attended 1o,

2 The vertaical cross ware i 10 be comaded wath the image of the slit withous any parallex.
¥ The readings are 1o be viewod in normal position on the circular scale 1o avoid parallax error.

4 To avend the orror due 10 the ecoontricity of the base of circular scale we should readings
hoth the vormors V' and V., - - .

b Tht&d&pmmlﬁhhmmd-bkmhm.
& Gratmg hould not be touchod with hand It should be handed only at the edges (with cover)

(} Scanned with OKEN Scanner



Study Material 79 Sem-2, Physics

VIVA-VOCE QUESTIONS AND ANSWERS

1. What kind of waves are those that are coming out of the slit ? What is the reason behind ?

Ans : The waves are cylindrical in nature and the wave front is a-cylindrical wave front, The reason is
that the slit is a straight aperture. 1 the slit were in the %hape of a pomt we would have got spherical
waves and a sphel ical wave fr ont.

To which class the diffraction in this npeument belongs to ?'and why ?
Ans : Tna prism we get only one spectrum in which the entire light is concentrated,
On the oher hand, in a grating there

are different orders of'a spectra and that too on n cither side also.

Maximum of the incident light is concentrated at the central maxitnum and the remaining is to be

* distributed over Several or ders. hence the grating spectra are of less 1ntens1ty as compared to prism
spectruim. ‘ :

‘What happens as the order of spectrum is increased ?
Ans : As the order of the spectrum n is increased, thc mtenSLty decrcascs and the separatlon between
spectral lines also increases, : : -

Does the grating Spectrum dcpend on the material of the gratmg :
" Ans : No. Gratmo speetrum does not depend on the grating matet 1al
However the prism spectrum depends on the material of the prism.

What are the reasons for for matmn of spectrum (a)ina prlsm and.b) i in a gratmg
- Ans : The formation of spectrum, v

In a prism is due to the variation of refractlve mdex of the matcrlal W1th eolom Different colours
will be having different deviations and thls gives rise to dlspersmn This is the prlsm spectrum.

b) Ina grating different colours will get dlffracted through d1ffercnt angles and this dlsperson results in
: gTatmg spectrum. - :

As far as dlsperswe power is concerned what is the dlfference between a. gratmg and a
prism?

Te

do

; is almost a constant.
Ans : dl] ‘ . |

For a given. order of the spectrum, the dlsperswe power of a. gratmg (

Hence, the grating spectrum is call_ed a rational spectrum.

Does the dispel;siv'e power of a grating depend on the materizil of the prism /s

Ans : No. The dispersive power of a grating does not depend on the material of the prism. It depends on

1. Order of the spectrum. 2) Distance of separation between consecutive shts

Which out of a grating and a prism has got more resolving power ?

Ans: The resolvmg power of grating is very large compared to' that of the prism.

Which spectral lines (of grating and prlsm) will be more Shdl‘p ?

Ans : The spectral lines of a grating Spectrum will be more sharp and straight.

C} Scanned with OKEN Scanner



' ; i Sem'z, physi(fg
Study Material 80

E SCOPE
7. RESOLVING POWER OF A ELE

. enlud . of a telescope.
Aim : To determine the resolving power. ol a telescof

. . uniform mesh, a rectangular glit yp
o with fine unifor : g
{, wirc-gauzce wit

Apparatus : Telescope, sodium ligh
width can be adjusted.

{

‘o ili enarate two point objects si,
Principle : The résolving power of a telescope 15 its illJ'lllF}( }:(; ::sizo f:ubt(jn(l | ?:Ed
very close together. The minimum angle which two distant objects : rcssc.g e :
telescope in order that their images may just appear to be separate exp . . .
| ' 122

' o r i == where a is the distance betye,
called the resolving power. Theoretically this should be equal to - p where 2 ween

~ two point objects and } is the wavelength of li ght;, )

In the actual experiment the image of the wire gauze mesh is observed ifhl:OL].gl]' the telcs'c_opc, The
nmesh is placed at a sufficiently long distance from the telescope and the mcsh is llllummatcd wn.h §0F1;um
light. The objective of the telescope is provided with an aperture, whose w@th is gf'adu.ally diminished
until the images of the wires of the gauze become just industinguishable. If d is the distance between any

.

two adjacent wires of the mesh and D is the distance between the wire gauze and the objective of the

telescope then D gives the angle subtended by two adjacent wires at the objective. Thus, when the

1.224

can-be calculated and its value compared with that of D '
Procedure : The wire-gauze is fixed in a stand with one set of wires vertical with travelling microscope
t_hé average width between twd adjacent cross-wires is determined as follows. The microscope is adjusted
so that the point of intersection of the cross-wires at the middlé of the image of a vertical wire, and the
reading is noted. Moving the m_icg'oscope in the same direction throughout the readings are noted when the
point of intersection of the cross wires_is set successively at the middle of the 6th, 11th etc vertical wire.

images are just resolved

The observations are 'reco‘rded .as in taBI:e I and the average distance between

ires i any two adjacent
wires is found. -

Then as indicated in fig the telescope is kept at a distance of about three meters from the wire-gauze
mesh. The wire-gauze is illuminated with sodium light. The adjustable slit-arranged just in front gf the
objective such that its longer edges are vertical - # R

t— - =
-uwh'u{ a
b=

AdTusTag (g
st

Fig

With the slit wide open, the telescope is focussed on the Wire-gauze so th istinct [ the
wire-gauze is seen in the Plang of tl}c cross-wires. Gradually the width of { gk 'fl'dlStlllCt Mge ".’]t (e
(image of the) vertical wires just disappear from view. Now the slit is t ]J‘C slit is cut.dolvvp untl 9
measured with a travelling microscope. aken out and its width (a) ¥

With a tape the distance D between the wire-gauze

and the objective
is repeated by increasing the distance D, each time by ab Jective |

s measured, The experiment
out 1 meter and for ;

' ; ur or five readings are taken-
The observations are tabulated as in table I1 - g
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Observations
Table 1. To f nd d between any two adjacent wires of the mesh. '
“No.of the ~Microscope | No.of the Wm—l‘\hfl_ii':loscaﬁf,_ _:'—_L_,bngt'ﬁ of |
vertical wire | -reading (b) vertical wire | reading (c) | 10 w1dths (b-c) |
I . .11 !
10 20
| s ‘ - 10 widths .
Average distance (d) between any two adjacént wires of the mesh T
Table IT
Distance of wn'c Migfroschpc'- Reading of ‘F g ;
. . - : 5 Width of
- |Serial No.| gauge from the - _ g s = d 122
. et Left edge | Rightedge slita — ‘/1_
; of slit of slit ' D &
[

For éach value of D, compare the results n the last two columns They will bf: nearly equal. °
Precautlons |

1. While taking readings with the travelhng mlcloscope exact coincidence should be made without

parallax. .

2. The readings on the horizontal scale should be read without parallax.

- Travelling microscope is to be moved on the horizontal scale along one direction only ...... to
avoid back-lash error.

4. The slit and the vertlcal wires of the wire-

gause should be pcrfcéﬁly vertical and parallel to cach
‘other. '

. The critical width of the slit is to be amvcd at with patience, precision and stcadnly
VIVA-VOCE QUESTIONS AND ANSWERS

. Is the resolving power oi a telescope a constant ?

. d
Ans.: No. Its dependence on the distance D as can be seen from the expression — . here d is a constant.

: . : A )
- As D varies, D also varies. (Accordingly a also varies and 1.22 ol also varies)

2. What is the difference between the resolving power of a grating and resolvmg power of a
telescope?
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; . . on light ave length). O '
S : ) e a piven light of wave t). On the
- Ans : The resolving power of a grating. —" 18 8 constant (for a g | . Othey

| d . .
hand the resolving power of a telescope E, varies with D.
han the resolving power of telescope.

The resolving power of grating is far higher t
| and magnification ?.

(78]

What is the difference between resolving power

. .o that are very closc to each other g
Ans : The ability of an optical instrument to show two objects that are very = ) nd a

distance is called the resolving power of the mv,lrument

The ability of an optical instrument to show the object magnified (in the form of the Jmage) 15 calleg
its magnification. Within a certain limit the resolving power increascs with magnification, But,
beyond a certain magnification, the resolving power will not increase with further magmﬁcatmn
This is called thc maxlmum useful ma gmﬁcatlou .

4. When will be the resolving power of a telescope be mammum ?

Ans : As he operture of the objective of the telescope increases, the resolvmg power also increases,
* However, beyond a certain limit, the aberrations (eqpemal y sphencal aberranon) also increase with
aperture and the resolution W1H be not of much use. - ' :

5. What is the resolvmg power of normal eye ?

« % P
. 1
Ans . It1 -15 albout 1 0r [GOJ

)

6. Is there any lumt for resolutmn "

e M. Mootz vl s closer (ne‘afer) than the wavelength of light (1) used for
illuminating the object. T e,

T In increasing the resolvmg power should we make the d1ffract10n patterns larger or smaller”

Ans : To increase the resolving power, we showld make the diffraction patterns smaller

8. What is limit of resolution and how is it related: to reso]vmg power ?

Ans : The minimum separation of two points that can be |

Just resolved i
smaller the limit of resolution, the g‘reatel is thc re 1= colled o it ofresolutmn L

| solvmg power.
9. The ray optics or the wave optics - which i 1s behind the resolvi

Ing power ?

Ans: Tt is the wave nature of light that glves rise to th

e lesolu
diffsaction’ - | | tion and resolving power which are due ©

.
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8. SPECTRO METER - HOLLOW PRISM
~ Aim : To determinc the refractive index of a liquid using hollow prism.

- Apparatus : Spcctromcter,_hollow prism, magnifying lens, sodium vapour lamp, 'spirit level

cription : The spectrometer mai 4 . ;

» d) gccsirculljar %alzl;;;lzlfgtifgﬁ:g] mainly consists of a) a collimator b) a telescope ) a prism table
a) The collimator Consists of a convergent lens fitted to < """ SOLDER  TELBCOPE

the inner end of a hollow tube, fixed to the instrument. Another '
hollow tube, which exactly fits into the fixed tube and can be
moved in or out by working a pinion, carries at its outer enda -
slit of adjustable width. The axis of the collimator is set
perpendicular to the axis of rotation of the prism table. The
collimator is fixed to the instrument and cannot be rotated. The
collimator is used to obtain a parallel beam of light from a given
SOurce. s 1 :

b) The telescope : This is an astronomical telescope whose objective is fitted to the inner end of a
~ hollow tube. Exactly fiting into this tube there is another hollow tube which can be moved in or out by
working a poniqn'; At the outer end, the tube carries the Ramsden's eye-piece, with cross-wires. The cross
wires Consists, generally of the fibres from a spider's web, fixed actoss the tube one vertically and another
horizontally in front of the eye-piece towards the objective side. The distance of the cross-wires from the
| eyepiece can be altered by pushing in or drawing out the eye-piece. The axis of the telescope is set
perpendicular to the axis of rotation of the prism table. The telescope can be turned about an axis coinciding
with the axis of rotation of the prismtable and can be clamped on any position by the screw S1. The angle
of rotation can be measured, on a-circiilar scale which is fixed to the telescope and oves-along with it. By
means of the tangent screw the telescope, after it is clamiped, can be turﬁ*e'd‘,:tﬁi'ough_'v'ery-s_mall angles and
thus fine adjustment can be made. The telescope is used to receive the parallel beam of light from the
collimator. Ve ol B g i, T G, :
c) The prism table : It is a small circular table provided with three leveling screws and is used for
keeping the prism on it. The prism table can be raised or lowered and clamped in any position by a screw.
By means of another screw it can be fixed to the. vernier table and the two will then turn together, The
vernier is provided with a clamping screw and & tangent screw for fine adjustment. The prism table can be
rotated about a vertical axis passing through its centre. - . ; ' ‘ n o
d) The circular scale : This is a circular metal plate attached to the telescope and rotates wi_th it
Usually graduated into half degrees and the reading can be noted on two verriers which are fixed diametrically
opposite to each other. A L' : T
" Adjustments : Before the instrument is used for measurement purpose, the following adjustments :
are made. By i3 AL
a) Eye-piece : The telescope is turned towards a white surface say a wall and the eye-piece 1s
moved in or out.until the cross-wires are scen clearly. . . .
b) Telescope : The telescope is directed towards a '(hs'tam object, say a te{egraph.post ora tree‘mlld
by working the pinion, the telescope is adjusted until the lnlagc'of the object is formed in the planc of t :c
cross-wires with no parallax between the image and the cross wires. Now the telescope is ready to receive
a parallel beam of light. - _ )
" c) Collimaiof : The slit of the collimator is illuminated with sgdim'n light. T?m tgles‘*:gpe 13113;001:52;
in line with the collimator and the distance of the slit from the collimating leni-;; Exljftllllsot:t algly p';rallﬂx |

image of the slit with well-defined edges is formed in the p!a-nc of the cross Wi
* error. And also the slit is adjusted to be vertical and narrow.

d) Prism table : A spiritlevel is kept on the prism table parzfll‘cl to the linc_joinixllg twott.heqlﬂf;;r:lilgl‘]g
screws. The two screws are adjusted until the air bubble of the spirit-level comes to the centre. FHCH -

i

— el
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;spmt level is turned on the table perpendicular to this position and the third screw is adjusted until the g
bubble comes to the centre. Now the sur face of the prism table will be- horlzonta!

After making the adjustmentq of the spectlometer the least count of the vermer is found by th

lm.sd

relation L.C = where N is the number of divisous on the vernier scale.

Détermination of Angle of the prism (A) :

Procedure : The primary adjustments of spectrometer
are to be done as explained. Then hollow prism is Tilled with -
expermental liquid. Then the hollow prism is placed at the
centre of prism table such that both refracting edges of the
prism is placed at the centre of prism table such that both
refracting edges of the prism are facing the collimator
symetrically as shown in fig. Then the prism is fixed. The
telescope is released and rotated to observe reflected image of .
the slit from ong face say AB. The tangent screw of the telescope .\
is worked until the reflected image coincides with vertical cross P
wire. The readings of the two verniers are noted. The telescope G e, RN
1s rotated such that the reflected irhage of the slit from second . = : Fig .
face ACis focussed Then readings of both verniers are nated. '

Then difference between the respective 1eadmgs of the vernier gives the value of 24, from which th
refracting angle can be determined. P : :

Determination of Angle of minimum :
deviation (D) : The vernier table is clamped .
and the prism table is released. The prism is
clamped centrally on the prism table such that
the surface of the ground glass is almost parallel ot
to the axis of the collimator and the light from = ‘ .
collimator incident on the polished surface of =~ 7% i Feail % ‘ A 3
the prism emerges out from the other polished suriace as snown m e ng, i Fiees

The telescope is turned to observe the refracted image of the slit 100k1ng at the image the prist
table is slowly turned such that the image moves towards the direct position. The telescope is also move
so as to keep the image of the slit in the field of view. At certain stage it will be” found that the imag
changes its direction of motion even though the prism is continued to move in the same direction.

~ The position of the prism is fixed when refracted image of the slit just retraces its path; which s th

position of minimum deviation, The telescopg is focussed such that the image coincides with the vertict

~ crosswire. The reading ‘of two verniers are noted. Then prism is femoved and the telescope rotated suc

that the direct image of the slit coineides with vertical cross wire. Then the reading of two ver niers ar

noted. The difference between the respective readings of the verniers gives the angle of minimum dewano
of the prism (D). Then refractive index of the prism is found by the formula

' Sin (A+DJ
——*——2 —

H=
i Sin'—}i

< OLLIMATDR

Precautmns -

1. The optical adjustments must be done carefully before starting the experiment.
2. The slit should be narrow as possible.

3. The prism must be set synnetrically on the prism table. .

4. Reading on both verniers are to be taken.
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5. The polished surface should not be touched. It should be h

Table 1 : Angle of prism (A)

Sem-2, Physics
andled by its edges. |

_ Readings of reflected image *Difference in
I ———
S.No. Left __Right vernier readings (2) A
Ver1 | Ver2 | ver| Ver 2 Ver 1| Ver2 l
Table 2 : Angle of Minimum deviation (D) :
eadings o I Do |
SNo. | . \eadings of _Direct .. |* Differences in
- [minimum dc-\{latlon readirips readings D ,
Verl | Ver2 |Veri| Verz Ver 1|  Ver2
o (A€DY
- Sin .
| | ' L - 28 4. =
The refractive index of the liquid in hollow prism= # = S A, w5 .
: , in—
- : 2

C . ' VIVA-VOCE QUESTIONS AND AN SWERS - _
1. Why should we _take readings from the two verniers on the circular scale ? is not one sufficient?
Ans: The base of the circular scale may have some eccentricity - that is one side up and the other side down. To
eleminate the error due to this eccentricity we read from both. the verniers,on'either side,
2. When the prism is in the minimum deviation position, how will be the path of the light ray inside
the prism ? e Ce B, BT B oy : '
When the prism is in the minimum deviation prism, the light ray will tavel parallel to the base inside the
prism. That is the path inside the prism will be parallel to BC. %
3. What is the need for adjusting the collimator to render Ii
. the parallel light rays ? _ : g
Ans : This is all necessary to get a pure spectrum. - no overlap of different colours after dispersion.
4. What is a pure spectrum ?, : g = :
Ans: If the different colours in the resulting spectrum (due to dispersion) do not overlap one over the other, it
is called a pure spectrum. ' ' ' ; ;
If the different colours get overlapped one over the other, it is called an impure spectrum.
The spectrometer is a convenient device used in the laboratory to get a pure spectrum. .
What is a source of monochromatic light ? Is the sodium vapour lamp such a source of
monochromatic light ? - 2 : S
Light consisting of a single wavelength (1) or a single frequency (v) is valled a monoc_hromfnt:c (single
coloured) light. A source that produces such a light of single wavelquth or 'ﬂ'cqglency is called a
monochromatic sources, o ‘ : '
Actually the light produced by a sodium vapour lamp consists of two wavelengths A= 5896 Aand A, =
5890 A" (D, and D, lines). Hence, perfectly speaking it is not a monochromatic source. However, as the

two wavelengths are very close to each other, for all practical purposes we consider it as a source of
monochromatic light. :

ght rays parallel and telescope to catch

‘ Ans :

—0—
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9. THICKNESS OF THE WIRE - WEDGE M

Aim : To determine the thickness of the given wire by wed

- Apparatus : Two optically planc gl
thin wire; another plane glass plate of 6 "long and 3"
sodium vapour lamp.

Procedure : The two optically place glass plates are cleaned
wire is fixed with one of the edges so that the two glass plates touch

86

other end as shown in the figure forming a wedge.

Then the set is placed on a wooden piece

covered with black paper under the objective of the -

microscope. Another glass plate is fixed to a stand at
about 450 to the horizontal so that the light falling on

it will be reflected down to fall on the wedge. The

interence fringes are observed through the microscope.

The readings of the microscope for the different fririges -

are noted and tabulated from which the fringe width
[ is determined. The distanceé of the wire from the

point of contact of the two plates ' is measuréd. The
thickness of the wire is calculated by using the

formu_la._

| d'\=[

)
ﬁ cms

where 1 is the wave length of the light used .

ass plates of the same size,

Sem-2, Physics

ETHOD

ge method.

a small wooden piece, black paper,
wide fixed to a stand and travelling microscope ;

well and in between them the given
at one end and are separated at the

. atocl
 Line of Cevitec Glass plalés

PRy |

wooden piece coveyed
wHth block paper

MW LSSSS

" Thin Wi.?lg
~ Fig

No.of the -

~Microscope -

No.of the ™ -
~ fringe

Microscope _. Width of

Fringes
T
2
3
4
5

readings

6

g
9
10,

T w®al

~ reading5 fringes

Average width of the five fringes =X '

Average fringe width =

S

X=p=

Wave length the light used = 2

Distance between the poiﬁt of contact of the two glass plates and the axis of the thin wire fixed it

between them =/

| Thickness of the wave =d =

Precautions :

1. The two plane glass plates forming the wedge

Al

—2’?= ....... - cms

should be completely free from any dust and impuritis:
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2. The reflecting glass plate 'G' should be carefully arranged to make 45°

of angle of : g it
incident sodium light so that after reflection the light falls vutlcal[y do g ncidence with

wn on the wedge,
3. The wedge placed on the platf‘m m of thc travelling microscope should rcmaiﬁ fixed in position
throughout the experiment. : P

4. Careshould be taken to avoid thc back-lash error whil

For this, the thC]l]llg microscope should be moved
m™ fringe to m + 30"

¢ laking readings with the travelling mlcroscope

only in one direction - from Icft to right - from
fringe tocubsmg: 1t should never be movcd to and fro.

5. The wire whose thlclcncss (diameter) is to be found should be very thin,

VIVA-VOCE QUESTIONS AND ANSWERS
1. Why do we get the bright and dark fringes in this experiments ?

Ans : This is because of the two coherent light beams interfering iwith each other. The two beams of light

getting reflected from the upper glass plate and the lower glass plate are ﬁom the same source and
hence they are coherent sources.

.2. How are the frmoes formed in this experiment ?

Ans : These inerference ﬁmges aré of equal width, parallel to each oher and are equldlstant from one

another. They are parallel to the tangential lmc at the ] Jommg of the two plates on the left side. They
are alternately bright and dark.

3. What is the disadvantage if the plates are no‘t‘plane?_
Ans : Then, the Eringes will be of unequal wldth
4. Are the two light beams coherent ? If so how ?

JAns : Yes. These two beams are coherent They are derlved f'rom the same source and one-is reflected
from the upper plane glass plate while the other is reflected from the lower plane glass plate.

-.S. To which class of mterference Division of amplltude or dmsmn of wave from- the mterference
-in this experiment be]nngs 2

Ans: The interference in th1s expcnrncnt is due to division of amphtude
6. If whlte llght is used in place of sodlum llght how will be the irmgcs look like ?

Ans : When a composite (whlte) light is used we get coloured fringes of various colours (mstead of bright
and dark frmges) '

C} Scanned with OKEN Scanner



In )] z
. ‘ in Sem-2, Phygj,,
Study Matervial i

F A LIQUID - BOY'S METHOp

onvey lens and thata liquid.

10. REFRACTIVE INDEX OF A LENS AND (o)
Aim 2 To determine the refractive index ol the material ofa ¢ stand
~Apparatus ¢ Convex lens, needle, mereury, watch glass retort stand.
Theory : The toeal length ' of lens is given by

SE: - ;
T (=1 N + | where v, and r, are radii of curvatures of the
3 .

| . )

curved surfaces of the leng, l

is the refractive index of the material of the leos,
Kuowing v, v, and £, & can be caleulated.
Procedure :

i) To determine "' of a convex lens : The given convex lens is
placed on a plane mirror, placed on a table. A needle is clamped - Sl [
horizontally to a retort stand and the position of the needle is adjusted |
S0 that it is above the lens. Looking down from above the needle the :
reflected image of the needle is observed through the lens and the 3
height of the needle is adjusted so that the tip of the needle and its - :
reflected image coineide without any parallax, when the eye is moved ‘ ;
side ways. The distances of the needle from the top and bottom of the '
lens are measured. The average of the two readings gives the focal
length f; of the convex lens.

ii) To determine radii of curvature of the iwn‘\m ‘faces
of the convex lens : The lens is floated in a dish of mercury.
The needle is held horizontally in the clamp of a retort stand and
is kept such that its tip is vertically above the centre of the lens.
Looking down from above the height of the needle is adjust such
that its tip coincides with reflected image of the needle, without
any parallax error, when the eye is moved side ways. The distance
between the tip of the needle and top of the lens is measured. To
this distances half’ the thickness of the lens is added let it be d,

Fig

The radius of curvature of the surface of the lens il contact
with mercury is calculated from the formula

ﬁ! 1 ) b
i i s i)
I=8, ; {
Similarly radius of curvature r, of the others surface of the Jens Fig
2 2 CNns 18 dl\(‘i dl.{(.;““l“l‘ﬁ h wr Y i
measuring ¢
then _ ; y
Jd,
n=

2" f=d, --——(i1)

ii) To calculale R:1. of the material of the lens (4 ) : Knowing f v, 1, of the lens, its 4 B
R URITR ¢ lens, its gt ®
calculated from the formula z

| N 1 el 1
—={- —
o wee(i)
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iv) To determine the focal length of the liq'uid lens and hence

e .'J_
the refractive index of liquid () : Few drops of the given liquid are 7 .
placed on the plane mirror and the convex lens js placed above the liquid |
the liquid drops such that its surface whose radius of curvature is (.r';') is . l\
in contact with the liquid. The height of the needle is again adjusted so !
that there is no parallax between the needle and its reflected image when ' !
seen vertically down from above into the liquid. The distances of the —
needle from the top and bottom surfaces of the lens are measured. The ; v
average of the two readings gives the combined focal length F of the : (g_.éw D LENS
convex lens and the plane concave liquid lens, Fi I '
. n, ' 1g
The focal length £, of the plano concave liquid lens is calculated from the formula, ;
I 1 1 < 7 '
F j; _fg - i PR e (IV)

Value of f] wiu be - ve sipce the liquid lens is plano, concave. If u is the refractive index.(.)f the

1 1 1
7 (1, )(}_} rj-

liquid

¥

If 1, is-the radius of curvature the lens surface in contact with the liquid then r,=0

L (=l

s 3 Or ,Ur'z,l"rm
ds . # et

el
‘Observations : ‘ :
i) 'f'of convex lens : - 2. _ |
Distance from the top of the'lens to the needle = d*
Distance from the bettom of the lens = d!!
e g g, o0 T el U
Focal length of the lens = f, = —-2— :
Thickness of the lens : t = d!! - d!
ii) Radii of curvature of the convex lens : . .
* Distance from the top of the needle = x
. - t d"-d'
- Half the thickness of the lens = 5 = —HZ— =~
s s 5
r'_ B f - d!

o fd,
Similarly r, = f—d

2
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' :
iif) Refractive index of the convex lens @

= =(u-1) L.
f , B
iv) Focal length of the liquid_lens and hence its £/ .
) Distance from the top of the lens to the needle =.d!
Distance from the bottom of the Icns to the needle = d"
| d' +d"

Combinated focal length of the convex Jens and liquid lens = 2

Focal length of convex lens (from 1) =-f, = ........cms

11

Refractive index of the liquid lens : Ho = 14— - : ( :
2 -

Precautions .: S

I. The convex lens used shold be ofa small focal length (f ~ 20 cm). The appmmmalc focal length is to be

first determined by distant object method. This helps furthér adjustmeits.

The convex lens and the plane mirror should be perfectly clean and dry.

There should not be any parallax between the needle and its image while taking readings x , X,, v, d, and d

The distances are to be measured with the melre scale avoiding parallax error.

. The mercury and the liquid (water) taken should be lugh]y pure and clcan

. the drop of liquid should be a very small drop. .

The needle used should be bright. If necessary it should be pohshcd with a sand paper 'uld chalk is to be

applied.

AU B W

VWA—VOCE QUESTIONSANDANSWF RS
1. Whatis the difference between a mirror and a lens ?

Ans : In a mirror the light gets reflected (into the same incident medll.un)

In a lens, the incident light is refracted thlough the lens (into a different medium) -
2. What is the difference bétween reflection and refraction ?

Ans : While the light is tavelling through a medium, if any obq(aclc is

back into the same medium. This is called reflection.
When light travels from one medlum into a differ cm lTJCdlLllT] it gets bent
- called refraction.
3. What is the radius of curvature ui a plane surfacc ?
Ans : Infinity.
4. What is parallax ? Has it got any uses ?

Ans : Suppose there are two objects plaed at a distance away from us an
let us say B is behind A. Now if we place our eye infront of A an
across before B. This is called the parallax, -

When Aand B are at the same position, when we more our ¢
time. That is, if the positions of A and B coincide there will
~ This principle is used in focussing the objects in o
with the vertical cross wire without any parallax.
5. Whatis a lens ?

Ans: Alensisa portion

curved.

placed on its path, some of the 1 ght gets

at rthc common surface. This is

d one bchmd the other. To be specific
d move across. A will appear to move

ye aaros‘; both will move
be no parallax.

ptical instruments, We adjust until the image coincides

across at the same

of a transparent refracting medium, USUHH}.I glass, bounded by two surfaces generau'y' =
- . >

—0—
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