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Q.1. ‘Two lenses of focal lengths _L_ aml _.w separated by a distance d. Find out
ihe focal length of the lense system. (2017)
Other Related System -

Q.  Whatisan cquivalent lense of a two lens system? Twao lenses of focal
lengths *T " and *f” are separated by a distance *d”. Find out the focal length of
lense system. (2017)
Q. Find the expression for equivalent focallength of a system of two co-
axial their lenses having focal length £ and £, separated by *d” distance apart.
Henee find the position of principal points. (2018)
Ans. Equivalent Focal Length of Two Thin lenses: -

When two thin lenses are arranged coaxially. the image formed by the
first lens system becomes the object for second lens system and the two systems
act as a single optical system forming the final image from the original object,

l.et us consider a simple optical system that consists of two thin
lenses L and L., placed on a common axis and separated by a distance d, as
shown in fig. The lenses are separated by a distance and have focal lengths f
and ', We are interested to know how the combination works, We find that two
lenses. separated by a finite distance. can be replaced by a single thin lens
called an equivalent lens. The equivalent lens. when placed at a suitable fixed
point, will produce an image of the same size as that produced by the combina-
tion of the two lenses, The focal lenght of equivalent lens is called equivalent
focallength. We now derive an expression for the equivalent focal lenath, £, of
te combination of two lenses.
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. Letaray CA of monochromatic light parallel to the principal axis be
ncident on the first lens L, ata height h above the axis, The ray CA is deviated
:E:E._ an angle & by the lens L. The incident ray CA, after refraction is
p_unnm_rpﬁ_ twward I, which is the second principal focus of lens L,. Then the
deviation produced by the first lens is given by

(  Nisit us for more detail at @ www o winsomenuhlication in Y
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-t ray, AB. from the first lens is incident on the lens L ,atg i
height b On refraction, the ray is deviated through an angle 8, by :ﬂ._n F:EJ b B
1« the principal axis at F. Since the incident ray CA is parallel to gy, i = i . g
sl ' fier refraction through the optical system meets the axis 5 where A=d-(f, ~ £} and is known as the optical interval between the
principal axis ¢ ,__H: ,J 2 i ._,J._r.:rﬁ of the combined lens system, T, WO lenses. It is :.....:m:E:.., equal to the distance between the second principal
EF must be the m ,J 1 _:ﬁ s s focus ol the first lens and the first principle focus of the second lens.
deviation produced by the sec From figure it may be seen that the rays converge at F and appear to
b . have come [rom a planc EP.. Plane EP_is therefore. the position of a single
0 = 3 lens, the effect of which is the same that of the two lenses, Loand L. The
{fthe incident ray CA is extended forward and the final emergent ray B distance LF 15 the equivalent focal length. The cquivalent focal F: uth s
backward. they meet ata point H,. 1t 1s clear that a single thin lens placed at P :ﬁ.mﬂﬂ:ﬁi o n_._n ditection from which the ._:nq: e e mwﬁﬁ:.. e
will produce the same deviation as that produced by the two lenses put to. _E._rcw..j.:_ _J,;M:E_ v.,,.ﬂm.,ﬂ.: Es:ﬁ e H.nﬂqw_..__:nma iy all Emﬁmﬂ.m ik n.n.c_aima
gether. The lens of focal length PF placed at P', is termed as the equivalen Eﬂ " _rﬂ fm__ el S_,m E.,”&_..*.._EE.E:. :._, ,.;: haveila ke E.mom_._ inythie pogilivn _..H.,ﬁ.
lons. which can replace the two foiee L, sed _:. The deviation protuced i ._”. ﬂ“”ﬂ ight enters from leftand in position H P, when light enters from the right.
H__”.,.nﬂ_wa: M%”,aﬂw_ﬂ_m.ynm._..u_ni_n:m. ) {1} Equation (v} m:.c_..._m.EE if the distance d rn:,‘..mm: the two convex lenses
Deviation produced by th frst [SWS1L. i m =) w exceeds ::.w sUm E E..w: focal lengths () +1,), the system becomes divergent,
sviation produced by the second __m:.n_ L, E d,=h /1L SRR o pegmns el oo h.

The emerg

But 525 45, (ii) If the medium between the twor convex lenses is other than air, then the
1 : equation {v) for equivalent focal length would become
_._|. - rl_.r h, : ff
# r i ¢ £ h_,”__ f= 11 :
1 : " w_ + .—..,.p —d/ LL

The A™ AL F and E.L.  &re similar, where 1 is the refractive index of the medium.

AL, BL,
< q 1K : Q2. Discuss the Ramsden’s Evepiece briefly,
- Oiher Related
b, h, Q. Discuss the relative merits and demerits of Ramsden’s eve picec.
ar f ﬁ o (1) (2013)
Ans.  Ramsden Evepicee; -
b, (f, —d)

o . . Ramsden’s evepiece consists of two plano - convex lenses each of
or 1= T T focal length f'separated by a distance equal 1o (2:3) . The lenses are kepl with their
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Using equation (iii) into equation {1), we get
h, _h, b (f ~d) I 1 . fi=

F6 e T e i)
Therefore, the equivalent focal length

is given by
f= uf:

W)
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curved surfaces facing each other, as shown in Figure, thereby reducing spherical
aberration. The field lens is a litle larger than the intermediate image and is placed
close to this image to allow as much light as possible to pass through it, The eye
lens has a smaller diameter but carties out the actual magnification

Theory: -

The objective forms the real inverted image [ of a distant object. jzn
SETVes ag an object for the field lens, which gives rise to a virtual image 1. 1, in
urn serves as an object for the eye lens, which gives the final image at infinity,
because I, 15 made to lie at its principal focas,

_.b_.:fm—:: focal length: -

The equivalent focal tlength of the evepieee can be found as follows, |

isit us for more detail at : www.winsomepublication.in |




B 5o ™ TEAk = LUl & 5 Aot fo=ay

[ hen
F denotes the focal length of the equivalent lens, 1

L1 v _d
F R PR 1
L1 @2 2 4
A A T
f=3fi4
' ield lens
pa f\ 7€ Eye lens

[0 BT R

FETTET

Equivalent lens

2113

The equivalent lens of fucal length 31/ 4 must be placed behind the field lens at
8 distance
CFrd G/ x3f f
F f 2

Thus the equivalent lens lies between the field lens and the eye lens,
Position of the cross - wires: -

The cross-wires should he placed at the position of I. Now, the position
of I relative to field lens can be found as follows. If the final image is 1o be
formed at infinity, the image | should lie in the focal plane of the equivalent lens.

In ether words, the distance Al should be equal to F= 34, m_.:nm}_l_ =% I.=

L. Therefore | the ohjective should produce the image at a distance of /4 in

fromt of the field lens. A fine scale may be placed here if it is desired 1o measure

the size of the image. Since the scale and image would be magnified equally .

the measurement would be trustworthy,

Merits and Demerits: -

(i Tae field of v iew of this eyepicce is fairly wide.

(i 1t not entirely free from chromatic aberration since the distance hetween
ﬂ 1w len s s not eyuzl 1o half the sum of thejr focal lengths, However,
HrtmEte sherration is minimised by using an achromatic combination

fi for the field lens and the eye lens,

aberration is minimised by using two plano-convex lenses
cading deviation over four surfaces,

AEP1Ece 1 used parctically in all instruments where messuit
shee ol the final imape are 1o be made. This eyepicee is sometinies
Epiece because a real i is formmed by the ohjective

o

0 B ot g
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——=R e mure defail at ; waw.winsemepublication.in

B.Sc. 1™ Year - Physics | - Chapter 1 - 5
in front of the field lens, which further acts as a real object for the eye lens.
Cardinal points of Ramsden eyepiece: -

Position of the principal planes: -
The first principal plane of the equivalent lens lies at P, behind the field
lens at a distance a given by the relation

_Fxd (I 2/3F f

f f 2

s

[ — 2

L

EET TR T

B L LTI

E
-
*
»
H

34 +
— u...__...NI-ll.

2113

34

Thus, the equivalent lens is placed at P in between the field lens F and the eve
lens E at a distance f/2 behind the field lens, as shown in Fig. The point P,
where the principal plane cuts the axis is the first principal point.
The second principal plane is at a distance f from the eye lens L..

23
dxF .73 %4 _ _f

f r 2
The second principal plane lies behind the eve lens L at a distance 2. The
point P, where the principal plane cuts the axis is the second principal poim,
Nodal Points:-

As the leps system is situsted in air, the nodal points coincide with the
principal points. Thus, P and P, are the nodal points . N, and N, respectively.
Pasition of Focal points :-

The equivalent focal length of the eyepiece is 3774, Hence the first focal
Poing _.._ livs at o distance 364 from the lirst principal point P That is at a
ETr
la" 27 4

The second focal point B lies ata distance 3 04 from the second principal point
T._ L, al a distance (4 behind the eye lens _... awiaty [rom the held lens,

p=

distance of o the lefi ol the field lens L.

03, Explain briefly the Huypens eyepicee,
Dther Related Ouestinns - ;
[ Visit us Tor more detail at s wwwowinsomepublication.in )
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Q.  Describe lense arrangement in Huygen's eyepiece n”..____ww_.::n ____u_u_.ﬂn:.
ciderations which lead to the nsed ratio of focal length. 1F ik ARSI ey
length of the eye piece. find the focal len oths of lenses, ____w_q separation ang
positions of all cardinal points in terms F'y and shaw these in diagram, Why j
this eve-piece called negative eye-picee. ) R (2015
Q.  Deduce the positions of the cardinal points of a Huygen's eyepicee ang
indicate them on a diagram, Also, find the position of the eross-wire. Why thi
gve piece can not be use to see your palm? (2013
Q.  Discuss the relative merits and demerits of Huygen’s eye piece. (2013
Q. Describe construction of Huygen's eye picce. Find position of carding
points for a Huvgen's eye piece of given focal length and show them in 5
diagram. Explain why this eyepiece cannot be used for measurement. (2011)
(. Thefocallength of two lenses of Huvgen's eve piece are 3F and F. Fing
the positions of the principal point. (2014, 19
Ans. Huoygens Evepiece: -
In the Huyzens eyepiece a converging beam enters the field lens ant
forms 2 virtual image before the eye lens. The need for converging beam im
phies that this eyepiece does not act like a simple magnifier,

[
8
Lo roq o
_-Il-lllll .w
e .
I, E
Field lens Eyc lens
— 27 — [ — .
Cunstruction: - i

Huygen's evepiece consists of two lenses haw
raun 301 and the distance betw cen them
Yengths, The focal len
each lens

. ing focal lengths in th
. 15 equal to the difference in their focs
e wﬁr __ﬂa the positions of the two lgnses are such tha
! . ual deviation of the ray 1
This evenices ; ray and the system is e
e ﬂ._., ect 15 free from chromatic as wel| as mm.__m_n_".mmm_ be: mnTEEu:.
Helies the two conditions :_.z_._:m__..ﬂ,_:n_q_ R
L. The lens ¢
= kens combination aps ge ,
5 8% an ac 1 i |
achromatic sysiem jf p = 1Lt b

1= the distance hepweer vikare D
2. The lenses nﬂﬂ._“: ___u.a.”___”:m..._._ and 1, and {, are the foa lengths E.M..m lenses
between the & equal deviation of wo

WO bemses i the incident ray w

: The field and the
their CONViey, §

“qual to (f -1 ) hen the distanct

€¥e lenses used are

o T lana- . .
Vi W0Wards the incideny 0 o ek and are placed wit
s for mgre Y. 'n this way,

13.5¢, 1™ Year - Physics | - Chapter 1 =7
due to the combination is divided into four parts which makes the combination
to have minimum spherical aberration.
Ifspherical and chromatic aberration are to be minimised simultaneously,
the following condition is 1o be satisfied.

f+1

D= _% Chromatic aberration

D=f -1, Spherical aberration
Combining the two conditions, we obtain

£, +I, =f,f

2

or f, =3f,
o D=3f—f =21

To satisfy the conditions for minimum chromatic and spherical aberrations, the
focal length of the field lens should be three times the focal length of the eye
lens and the distance between them should be equal to twice the focal length
of the eye lens. Huygen's evepiece is constructed on this principle.

Theory: -

The objective forms an image, which serves as a virtual object for the
field lens. The ficld lens forms real inverte image I'l',. If this image is situated
at the pricipal focus of the eye lens, then the final image is at infinity.
Equivalent Focal Length: -

The equivalent focal length of the eyepiece can be found as follows. If F
15 the equivalent focal length of the eyepiece, then it is given by

1 1.1 4

et e

F 6 f ff

11,1 2 2

—_—=—t———=—

F [ af 3f* 3af
F=3f2

The equivalent lens lies behind field lens at a distance of

? 2
dxF _2(x3f/2 ..
f f .
In other words, the equivalent lens is at a distance of 31 - 2 = {"behind
the eye lens.

Position of Cross - wires: -

It is noted above that the principal focus of the equivalent lens lies £/ 2
ahead of the eye lens. It is here that the image due to objective must be formed
i order that the final image is at infinity, The rays coming from the ohjective
are, however, intercepted by the field lens, thus displacing the umage Lo position

[ Visit us for more detail at : www.winsomepublication.in ]
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; v should be H___..t..n_.._.
5 here fhe CTOSS-WITES & . o
[ Ivis ?,9_,. _,“__.,_: r poted abave that the Image Il isata distance of /2 kg
s rthe 5 > : : o5 1y
i “__ _._..“.n 342 from the ficld lens. Henee, for field lensu=- 3172 b
the eve lens or 31 /<

S

+o— =

TR A

- _l._

3 v 3
or v=1 .

In ather words, [T, lies midway between the two lenses and so fixes the
position of the cross-wires or scale, if used. Since the image formed by the
objective lies behind the field lens (instead of in the front) this eyepicee iy
sometimes referred to as a negative evepiece, It may be noted that the image
of the scale is formed by the eve lens whereas the final image is produced by
both the lenses. Hence the image and the scale would not he magnified equally
and so the measurements will not be reliable, The image of the cross-wire or
scale would have all the defects of an image formed by asingle lens, Hence in
instruments using Huygen's eyepieces, scale is not used except when
magnification is low,

Merits and demerits: -
(i The Huvgen's evepiece is fully free from chromatic aberration because the
distance between the lenses is equal to half the sum of their focal lengths,
(if) Spherical aberration is also minimum because the distance between the
two lenses is equal to the difference of their focal lengths.
(iii) The field of view of this eyepiece is smaller than that of Ramsden’s eye-
piece.
Cardinal Points of Huygens Eye piece: -
Position of Principal Points:
The equivalent lens should be placed at a distance a from the field lens,
which is given by
_dxF  2Fx3f/2
f f
Since the distance d between the field lens L, and the eye lens L, is 2, the
position of equivalent lens is 3f-2f = f . i.e._jt should be placed away from the
eye lens, as shown by dotted line at P, in Fig.

The first principle point P, lies ata distance a = 31 from the field lens.

The second principal point P, lies at a distance B from the eye lens towards the
field lens and is given by

a =3

f

b | e

_dxf "2
ST

H H., .
Visit us for more __”EE._.:_..._n_.,_w:_u:m::..?m: J
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Position of the Focal Points: - . e .
The first focal point F, lies ata distance 31/2 from the first principal point

3f f

P, i.e.,at a distance 5 f nm from the eve lens on the side of the field

lens.
The second focal point lies at a distance 3£/2 from the second principle point

3r r

P, i.e., atadistance |5~ f == from the eye lens away from the field lens.

Q4. Define cardinal points of a co-axial two lens system. Show that the
distance between two principal points two principal points and two nodal points
are equal for a given coaxial two lense system always, (2016)
Other Related Questions -

Q. Define principal points and nodal points of two lens systeny I'rove that
the distance between two principal points and two nodal points of 3 ¢iven lense
system are always equal, (2014)
Ans.  Cardinal Points:-

In the case of refraction through a thin lens, the thickness of the lens
has been neglected in calculating the various formulae. It is then immaterial
from which point of the lens the distances are measured. But we cannot apply
the above approximation for an optical system consisting of a combination of
lenses, One way of calculating the position and size of the image formed by an
optical system is to consider refraction at each surface of a lens successively,
but the method proves 1o be more tedious. In 1841, Gauss showed that any
number of coaxial lenses could be treated as a single umt, without the neces-
sity of treating the single surfaces of lenses separately, “The lens makers’
formula can be applied 1w the system provided the distances are measured from
two hypothetical parallel planes, lixed with reference to the refracting svsiem.
The points of intersection of these planes with the axis are called the primeipal

( Visit us Tor more detail at : www.winsomepublicationin )
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points or Gauss points. In fact there are six points in all, which characteriz, i B.Se. 11 Year - Physics | - _,n,_EEE.. —
optical system. They are
(i) two focal points,
{ii) two principal points and
(i) wo nodal points.

These six points are known as cardinal points of an optical system, The
planes passing through these points and which are perpendicular to the principa]
aws are known as cardinal planes. The cardinal points and cardinal planes i
mminsic properties of a particular optical system and determine the image form; ny
properties of the system. If these are known, one can find the image of any objeq
without making 2 detailed study of the passage of the rays through the systen |

is not necessary to consider the refraction of the rays at the various surfaces, h d 1___
Principle Points and Principle Planes:- Figure (b)
8] Aa __H }
m “““ Ll -a.
ho b,
F, P P.
1 A.J.F |
”_.l_
Figure (¢}
By adopting similar procedure, as shown in Fig.,we can locate the princi-
L 4 i pal plane H P and principal point P, in the object spac=. Consider the ray F S
L]

: passing through the first principal focus F, such that after refraction it emerges
Figure (a)

) along QW parallel to the axis at the same height as that of the ray OA figure (a).
Consider an aptical svstem having its principal focal points F and F..A The rays F| S and QW when produced intersect at H . A plane perpendicular 1o
ray OA travelling parallel to the principal axis and incident at A is mS: m_u.ﬁ 1 the axis and passing through H , 1s called the first principal plane. The point of
focus at F, in the image space ofthe aptical system as shown in figure (a). The Intersection P, ofthe first principle plane with the axis is called the first principal
actual ray is refracted at each surface of the optical system and follows the PoinL

path OABF . If we extend the incident ray OA forward and the emergent ray It is seen from figure that two incident rays are directed towards H, and
BF_ backward, they meet each other within the optical systemat H_, Now, wecat after refraclion seem to come from H .- Therefore, H_ is the image of H . Thus H,

deseribe the refraction of the incident ray (A in terms of a m_zm_m._.nﬁmﬂ_.:: atg and H, are the conjugate points and the planes I_. P and H, P, are a pair of
plans passing through H,, A plane drawn through the point H. and perpendiculs! conjugate planes. It is also seen that

to the axis may be regarded as the surface at which E%En:.nﬂ_ takes place, H,F,=H F,

This plane is called the principal plane of the optical system. Thus, the Hence. the lateral magnification of the planes is +1. Thus, the first and
wa_._.ﬁao_.,mnn.._:cm deviations of the light rays caused by the four surfaces a_,._i. second principal planes are planes of unit magnification and are therefore
cu.:nm_ system are equivalent to a single refraction at H _mr:., 3 _un__u at he Salled unit planes and the points P and P, are called unit points,
principal plane. We now define the principal plane uwmnﬂ :nm_w ﬂ.#ma_ a5 the Note:- The principal planes are conceptual planes and do not have physical
loci where we assume refraction to oceur without E_.nwm:_.mo as H_.. here the existence within the optical system.
refraction actually oecurs, AR LIRS Some Remarkable Features of P'rincipal Planes:-

H, P_is the princip: I , (1) Even a complex optical system has only two principal planes.
uﬂ.ua__m:._u" plane. .m“.”r. v:__”.“.__.ﬂwW:h_ﬁh“”ﬁ“u_HWw:ﬂEcw m_..n_ __m _...\u___.:... :.E.w.._,“uh_ﬁ___._.“ (2) Between | _._M_._a H, all rays are parallel to the principal axis, )

#1505 called the secong E.:.n#.:_ point, . PrNGipa plane intersect (3} The location of the principal planes is clarscieristic ol a given optical system,

Visit us Tor more detail 4t : www.winsomepublication.in |I...U [ Visit us for more detail at : www.winsomepublication.in J ="
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Their positions da not change with the object o _._”u.uah_ ?ﬂhnr it
(4) The principal planes are conjugate to each other. ki,
principal plane is imaged in the second principal plane with unit magnificay,
Any ray directed towards a pomnt on the first principal plane o from g
lens as if it originated at the corresponding point { at the <ame distance ithy,
or belon: tieaxie) o the secoid principal plane. Hence, the name unjj plan
(5) The principal points H, and H, provide a set of refrences from which sey
Sysiem paramelers are measured
Focal Points And Focal Planes:-

17 a parallel beam of light travelling from the lefi 1o the right (in okj
space } 15 mcidemt on the optical system, the beam comes logether at a point, F
the other side (in image space) of the optical system, The beam passes throughy
point F. whatever may be its path inside the system. The point F, 15 called
second focal point of the optical system. A beam of 1j eht passing the .u_..::# F ont
axis of the object side is rendered parallel 1o the axis afier emerzence _:::._m__: t
optical system. The point F is called the first focal point,
We can now define the focal points as follows: -

The first focal point is o point on the principal axis of optical syst
such that a beam of light passing through it is rendered parallel 16 the princip
axis after refraction through the optical system,

The second focal point is a point on the principal axis of the optic
system such that @ beam of light travelling parallel 1o the principal axis of{
optical system, after refraction through the system, passes thraugh .

The planes passing through the principal focal points F and F, 2
perpendicular 1o the axis are called first focal plane and second focal _.u_u
respectively. The main property of the focal planes is that the riys slarl
m.E._..__ # point in the focal plane in the ohject space correspond 1o a set!
conjugate paralle] rays in the image space. Similarly, a set of paralle] raysini
ohject space cormesponds 1o a set of Fays intersecling at a point in the fo
plane in the image space,

 The distance of the first focal poml from the firsy
P is called the first focal lengih, F. ofthe optical
second focal point fram the SECqH
?E_ length &..,. £, and § are also
Image space respectively,

When the mediun
f{numerically)
Nodal Painty And Nodul Planes: -

Nodal poings

principal point, i.e-
system and the distance off
nd principle point, F.P,, is called the sectd
known as the focal lengths in object space #

diuin is same ap the two sides of the aptical syetem |

B0C PO o il Beipe el h o] wvstd
Wein : ; ! ; n H ] 1% p.._.____.._
here I rays, Withinun 1_,._._.3..::_:. nterect th SOPYC NS Ina e lens i
. ¢ -k LR [ b L ‘ il
:_:n_L_ poanis gy _._.__... cemtre of the lens

Light pass through the cenire of 2

@ sl : ®
PhEal systen the Cenlre separates int 1y
VRG] :

isil 1y _.ﬂ.ﬂ:.lqeln

thin dens does not des _.._F,,._z..
0 midal P, T e _.___..__._.r.... _.__.......___

vlail

B.Se. 11" Year - Physics [ - ¢ hapter | - 13
through the nodal points and perpendicular to the principal axis are E“_:E_ the
nodal planes. Whereas the prineipal planes are planes where all refraction are
assumed to oceur, the nodal planes are planes where refraction does not take
place. Figure (d) represents an optical systemn with the help of its cardinal planes.
It is seen from tae fpere (d) that ray of light, AN , directed towards one of the
nodal points, N, after refraction through the optical system, along N N, emerges
out from the second nodal point N, in adirection, N, R, parallel to the incident
ray. The distances of the nodal points are measured from the focal painis,

A B

Figure (d)

[
The distance between two nodal points is always equal to the distance between
two principal points: -
Rederring in figure {d), we see that in the rightangled A T P N, and TN,
|_.._ —Uh B .—..u m-.._
TN = £T,N,P, =
Therefore, the two A* are congruent.
PN, =P,N,
Adding N, P, to bath the sides, we get
1_Z_+Eu1uu_uu2_ f Za_uu .
PP =NN,
Thus, the distance between the principle points N, and N, is equal to
the distance between the principle points P, and P,.

Q5. Ramsden's eyepiece is i positive eye piece whereas Haygen's eve piece
is negative eve picce. . (2012)
Ans. Ramsden’s eyepicce is a positive eyepiece, The image formed by the
objective lies in front of the ficld lens. Therefore, cross-wire can be used.,
Huygens' eyepiece is a negative cyepiece. The image formed by the
ohjective lies in between the 1vwa lenses, There fore, cross-wires cannot be used.

Q.6.  Corapare performance of Huygen's nnd Ramsden’s evepicees.(2011, 18)

Oiher Related Questions - .
Q. Werite short note on comparision af | Ty gen™s and Ramsden®s eve picees,
[ Visit us for more detailat; www.winsomepublicationdn )
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; s ey eplece: -
s Comparison of Ramsden eveplece with Huygens ey ey
. i W Evenleer
SN0 Bamsden _.“.-,_:..;;_ _ _—._u __.., | ALY | ...,. : =
| { Ramsdens  ovepiove v oo | Huvpen's CYCPIVE I8 ey
5 __(.._r____.___. RAVPEAY Ul __.:.__..v.__.r._rrr._ I I THTAS .___.__._:_.._.ﬁ _”._.__.

mage Rl by the | the obyective Bies i ey Cen iy
TEIE T AR Y h . ik

P lenses. 1 clore, Crogy
feld kens Therefore, cross | owires cnnmet e nsed.

et Dies i ot of the

wres can e sisd
3 Uhe soandition v i

satisfied. But I spreading

e deviations  over  fowr

e, sphericeal
aberration = minnmiz el

X It doecs  no sansly the | ]
condion for achromatism achromatigg

but can be made schromatie _

usimg  an achromatic
doublet as the eve lens.

Phe  comdiion oy LT
Al abermtion s onot | spherical abermation i

nsthied,

1 osatisfies  the condition  for

| |
Y IS 1 Yy Mhaysites [ . ¢

Retermme o the Fig, it is seen that A ABE i 1K P are sin

| Ky e _
il ATRTTH LLTTTR S [ AR,
AT
Al

ACA L

AT L N
__ | I* ) _w._". —_. _-_ Alt

T e s

' }D_._ L
o Al
Fromequation (1)amd (i), we pet
L e
e i ur Xixs =Ll
gl |

H

e C—_ S
4. It is achromatic for only | It is achromatic for all colors,
| two chosen colors, T, T
g, The  other tpes  of | Other aberrations like i _
aBEmAONS  are  bener

elrminated. Coma is absem
and distomion i 39, higher.

pincushion  distortion are not
climinated,

. The eve clearance 15 5% |
higher. _

ol ]
The eve clearance e oo smi

and less comfortable.

H It s wsed for quantitative
PUMPISE: I microscopes
ind telescopes,

. L e

1t is used for qualitative purposes
In microscopes and telescopes,

& It= power is positive, |
9 The two pancipal planes are |

CTDased

i _ Crossed.
10

L It can be used a5 2
mroscope bevause the first |
Pancipal plane lies 1 the |
left of the field lens and the |
focal plane s rea) .

1. The nodal POInLs - comngide

with the nrine; al points,

Q7. Derive Newtopn

AR, Newton's Formuly- -

Visit us for more detai] ap -

2 simple | It cannot be nsed as simple

The nodal points coincide with
| the principal oS

WWw.winsamep ublication.in

Itz i

OWET 18 pOsItive,
The two principal planes are

Microscope  because the fipst
focal plane lies 10 the right of the

Figure
This 1s the Newton's formula, The dis
object have been measured from their respec
convenient 1o measure the conjugate disi

nee of the image and the
tive foci. But it is sometimes
ance lrom the principal points.

Q8. How two cohereni sourees are abtained in Freg s hiprism experi-
ment? Describe briefly this method to determine wave length ofa monochro-
Matic light. Also derive the formula ol fringe widih, (2002)
Other Important

field lens and the focg) plane i
virtual.

————

Sformula for u fens system, (2016)

Q. How do you ebitain coherent sou rees in Fresnel biprism experiment?
Explain with the brelp of disg i,
Ans, Fresnel iy cism: -

Fresnel wsed a biprism io show imerferenee rhenomenon. The biprisim
Consists of two prisms of very sl | fracting angles joined base to base, In
Practice. a thin glass plate w taie o and o - ul'its fces is eronnd and parlishied
Uk a prism figure ( 1(a)) is oy med with an olaes angle of

ot | 79 and twa
{ Visit us for more derail ag P Wwwaninsomepublication,in |
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side angles of the order of 30" Feory

& hen a light ray is inendent on an ordinary pr EE.. the H_E_._.q.. bent ,_.zs_._m The theory of the interference and fringe formation in case of Frosne
2 sl colled the anele of deviation, As a _.r.é_m,__._ﬁ ray emerging __,E_m ofthis the same as the double-slit. As the
_._:.."._r... v ars 1o have emanated from a sources §' located at a small .QESEE
e o e real source, as shown in figure (1(b)}. We say that the prism Piina
duced 1 virual image of the source. A biprism, in the same way, creates 1y
virtual sources S and S, as seen in figure (1(c)). These two virtual sources

. : i o AD
amages of the same source 8 produced by refraction and are _.E:_F coherey, f= -
5

I biprisim
point O is equidistant from S and 8., the
niral bright fringe of moximum intensity occurs there, On both sides of (), alier-
te bright and dark fringes, as shown in figure. 2(b), are produced. The width of
the dark or bright fringe is given by.

A

where D{=a + b) is the distance of the sowrces from the vyepwece
Determination of wavelength of light: -

The wavelength of the light can be determined using M (i) For
using the relation, the values of i, D and d are 10 be measired. These
measurment are done as follows.

Adjustments: -

’ A narrow adjustable slit 5, the biprisin, and a micromater o epiece ary
By mounted on the uprights and are adjusted to be at the same height and in a
(b) straight line. The slit is made vertical and parallel to the reficting edge of the
Figure (1) biprism by rotating it in its own plane. It is illuminated with the lizht from the
Experimental Arrangement: -

monachromatic source. The biprisint is moved aleng the optical bench till, on
Fhe biprism is mounted suitably on an optical bench. An optical beflooking through it alung the axis of the optical bench, 1wo eejually bright

E._,.:..:..ﬁ_.:;c:n__q._maz_s_._a:wan_w.E_.__nzma rnu"miﬂ_.‘._na.m:a_E&_‘.E:._E_m:; images are seen. Then the evepiece is moved till the fringes
olner and o the same level. The rods carry uprights on which the optitin the fucal plane of the evepiece.
ponents are positioned. A monochromatic light source such as sodileiy Determination of fringe width [3 : -

apaur lamp illuminates a vertical slit S. Therefore. the slit S acts : 3 11 parrt : ; - . . .
! P e i ot ﬂ.: S ats os a-nant When the fringes are observed in the field view of the evepiece, the
Hinear monochromatic light source. The biprism is placed in such a way thati . P o : F :
i ed .._m rallel 1o the length of the slit S, A sing lindrical _.a._,m_.:nm_ cross-wire 1s made w coincide with the centre of one of the brigh)
CIFRCIING BGee = leng 1S b ¥ e o i 'y x . 2 i

S i i e b et SNl CyIndHCal wavaltg e Th position of the eyepiece is read on the scale, say » _ The microme
imipinges on both prisms. The top portion of wavefront is refracted downwd e
and appears 1o have emanated from the virtual image §
falling on the low

appe

.

The | Q.E. screw of the eyepivee is moved slowly and the number of the bright fringes
. . i+ 1 e lOWer SegmMEty .. pass acrass the cross-wire is counted. The position of the cross-wire is
er part of the hiprism, is refracted u pward and appears 1o he

cmanuied from the virtual source 5.. The virtual sources S, and' S are coher®

i T : : o : Jagain read, say x,. The fringe width is then given by P =
« tee Fiz 2y dind hence the light waves are in g position to interfire in the reg! E LEY £ I : 3
Mesteound the biprism. 17 a0 se

o

rder o wbserve Tringes, a

Xy =X

N

reen is held there, interference fringes are seen (i) Determination of d*:
nicrometer eyepiece is used,

(a) A convex lens of short foc length is placed between the slit and the eyepicee
p 2P without disturbing their positions. The lens is mon ed back and lorh near the

b bof b biprism till a shamp pair of image :m.._,.n .i_m 15 abtained in the field view of the
_ _"—h—.— yepiece, The distance between the inmges is measured. Let it be dencted by d

.— 5 _r._.?.q...,.:..

Iuis the distance of the slit and v that of the eyepiece from the lens figure
3a)) then the magnitication is

u d

it 1]

The lens is then moved 10 a position nearer to the eyepice,

Whers again a pair

(" Visit us for more detail af - wwwwimsomepublicationin
Winsnme I
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58 is given by 0. ::... short note on Advantages of a Two-lens ey picce, (2010)
Ans.  Eye-picee: -
o ik . _.. Hm. a aﬁ__.n_,..czmn to magnily an image formed by a lens or lenses
R preceding it in any optical instrument. For example, the objective of a micro-
: scope or telescope forms a real image of an object under examination. The

A , function of the eye-picce is to enlarge this image so that the final image is free
g \A D various aberrations as seen by the eye.

, 4 C Why the eye piece consists of two lenses: -

B. Ifa single convex lens is used as an eye-piece, it suffers from chromatic

O ol and spherical aberrations. It also suffers from an entirely different cause.
O

1 Ef
A.
s4 |
: L When eye is placed close to the eye lens E and the diameter of the eye

u 1 lens is large as compared to the diameter of the pupil of the eve, the ravs
(b} passing through the outer portions of the eye lens do not enter the eye. This
Figure 3 - Measurement of the distance between the two virtual sourt decreases the :__mnv___w.,i the image and E.E,u _.:N.;nmm. the field of view limited.
Note that the magnification in one position is the caciprital of the To overcome this difficulty, “m._n eye _Eum m chosen is of small ﬂ_.z.p_._.:.ﬁ m._.i an
; ey o ‘ additional lens F called the field-lens is introduced between the objective O
Nilicanon in the other :......,_:_.5. - . and the eve-lens, The image formed by the objective is made to coincide with
Multiplying the equations (i) and (1ii), we obtain the principal plane of the field lens F. The combination of these two lenses is called
dd. _, il compound eye-picee.
FE Addvantages: - ’
=T The field-lens F which is of'a relatively large aperture as compared to the
d=ydd. v i¥) eye-lens ums the rays of light passing through its outer portions towards the
Using the values of B, d and D in the eq i), the wavelength 7. can be computed. principle axis which are thus made 1o pass throuzh the middle of the eve-lens E,
(b} Alezrmatively, the value of d can be determined as follows. The deviatio?
produced in the path of a ray by a thin prisim is given by .
o={p=1)u
“ here u isthe refracting angle of the presim. From the figure (2), it i5 seent
6=8 2, Since d is very small, we can also write d = af,

imaces of the shti

measured, Let it bed.. Agam magnilication
LML . - b

4

I d " e

! s ==l o i :
= =i Thus, alk the rays from different parts of the wide area enter the eve of the
d=2alp-1)a observer and the field of view is increased in this manner. The ravs from outer

part could not have entered the eve in the absence of the Teld lens

0.9, Whatis an eve Pice? Name diffore
20 % e-pice shiould consists of twe lenye,
Wver g sinple lenpge?

Other Related Cuestingy -

T W
Nt ws Tor mure derail ag ; www.winsome

iy T

e

it tvpes of eve picees, Explain __._:..... ML Write short note on Aplinatic points, (2015, 17, 19)
What are advantapes ol an .n_u_i..__.a_._ Mier Belated Questions -
0 Whot sve aplantie poing

pasition of aplantic points in vefraction

Visit us for more detail a1 ; ww s.......__.,..__.:.,_:__.=E:_==.=.

r
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g two transparent media. Discuss =E.=.~m_r_

at a spherical surface separafin
nses.

to oil immersion objectives and meniscus le
Ans. Aplanatic Points: -

A spherical lens, which is free from the .”_..mmwnwm
of spherical aberration and coma is called an aplanatie
lens. A pair of conjugate points free from spherical aber-
ration and coma is called aplanatic points.

Fig. illustrates the property of an aplantic lens. let O be the centery
curvature of the lens of refractive index ® and radius of curvature R, p is;
point on the axis of the lens such that PO = R\l . It can be shown that all Tay
passing through the point P appear to diverge through the point Q irrespectiy
of the siope angle made by the incident rays. PA is the incident ray and ACj
the refracted ray. The ray AC appears to diverge from the point O which is
image of P. Let i and r be the angles of incidence and refraction and o and it
slope angles made by the incident and refracted rays.

i

C

m
_ HR fe— Rl
Figure

Then, ] = -8

sinr w1
Inthe AAPO,

sini PO R |

Sino 13 - r:u.. » ﬂ _q._u.

From {i)and (ij|

Sini _ sini
SN sing '
v des=s
In the AAPQ S| 1T
Lu=[+(r-i)
R

Substituting

LU= A1 0 equation (jv) we
Inthe AAOG AR (vl we et

Visit us fur mare detuif g -

R v
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EJ@Hu plr__Clcc
sinp_smi | OA R
_ 00 =R

Thus, if the distance of the object point P is Rip from the centre of
curvature, then distances of the image point Q is uR irrespective of the slope

angles @ and p. The object and image distance of the conjugate points that
satisfy the Abbe condition can be seen as

BP =R +m and BQ=R+uR W)

The object and image points which are at distances given by eq.(v) from
the pole of the spherical surface are free spherical aberration as well as coma.
Such points are known as aplanatic points.

An aplanatic lens is mostly used as the front lens of a high power micro-
scope objective called the oil immersion objectives. As itis not possible to place
an object inside a solid spherical lens, the lens is ground a lintle and the object to
be examined is embedded in between a drop of oil and the lens surface. The oil
chosen is such that it has the same refractive index as that of the lens.

Oil Immersion: -

In light microscopy, oil immersion is a technique used to increase the
resolving power of a microscope. This is achicved by immersing both the
objective lens and the specimen in a transparent oil of high refractive index,
thereby increasing the numerical aperture ol the objective lens.

Immersion oils are transparent oils that have specific optical and vis-
cosity characteristics necessary for use in microscopy. Typical oils used have
an index of refraction around 1.515. An oil immersion objective is an ohjective

lens specially designed to be used in this way, Many condensers also give
optimal resolution when the condenser lens is immersed in oil.

Meniscus Lenses: - | 2

Meniscus lens is a lens which has two sphenical curved surfaces, con-
vex on one side and concave on the other side.

It is thicker at the center than at the edges. The lens provides a smaller
beam diameter in order 1o reduce the beam waste and spherical abermation.
When a meniscus lens is combined with another lens, the focal length is short-
ened and the numerical aperture of the system is increased. This reduces the
image distortion and increases image resolution.

MNumericals

Q.11. An Huygens' eve picee has an eye-lens of 4 e focal length, Find the
value of its equivalent focal lengih, (2013, 16)

[ Visit us for more detail at : www.winsomepublication.in k
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Sol.  Let fis the focal length of eye-lens and the focal length of field lepg - Y
Hence focal length of the field lens = 3x 4 = 12 em
and the equivalent foeal length

1. 1 d fh+f-d

— e o - —

F § L Gf fif,

Euuwtuxbu‘f

; fify
E= | -
or "._ " _..u I.& =
Putting all values, we get
124
F= = he
12+4-8 -

Q.12. Two lenses of powers 2.5 dioptre and
separated by a distance 30.0 em. Fing the
locate themon a diagram,

Other Related Questions -

Q. Twolenses of powers +2,5D and-5p are ke
30em. Find the position of cardinal points,

-5.0 dieptre are kept coaxiall
positions of principal points and
(202,19

pteoaxially separated by

(2002)
Sol.  The focal length of the first lens, f 0 __ ! Im
'TP 25D 35" A0em
The focal length of the second lens, f. = 1 N A E

= =—20cm
. P sD 5
The equivalent foeal length of the coaxial syster
fif,

f=ti

fi+f.~-d . . : :

mis mm_._..n.._._ -uu__..

f < 30emx(-20)
40 em — Hﬂlﬂ.ﬂﬂlhﬂlﬁru_.-._ = 48 £m

a=+30_ _(0cm)x(80 cm)

—. - —

3 -20ecm
rst _..._q._sn:.__mn point p
1

HI_M_..HE

The fi is at a dj
15 at a distance 120 cm 1o the left of (e first lens.

= 1 [[.#.claﬁj = —6illem
w.ﬂh_un.__.h ﬁ_._u_ D_."._ _ . i . .
First Foca _E_:_Wm PoInt P is at a distance of 60 cm to the |efy 0fthe second lens

The distance of F, from the lens |_ is
i |

_mﬂ Iﬂﬁ = Im_n_n_.:xm‘unu.._

B.Se. 1™ Year - Physics |- Chapler |- 23

.
; \ d e
LE =-F[ == leﬂ.n_aiuk ==20cm

o | N
[, {=20cm)

Second Foceal Point:-
The distance of F, from the lens L, is

30cm

: L.F, =+f éu +20em

| |_..|._ = x:_r._:T -
f L
The first focal point F | is to the left of the first lens and is at a distance
ol 200 cm from it. The second Tocal point F, is to the right of the second lens
and is at a distance of 20:cm from it, The cardinal points are plotted in figure.
Nodal Points - As the sysiem is situated in the air, the nodal points are same as

40 em

the principal points,

e L
M

B -
i
-

f—[ 20 cm—sp=30ci==
p— ?H:.,iTl.:cn: 1
e 200 ——]
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Q.1 Discuss fringes of constant inclination and optical path differencg,

. . _ — (2013,
Ans.  The fringes of constant inclination obtained with thick plates are calle
Haidinger’s fringes. though they were first svstematically studied by Mascgy
by Lummer. Since the light in a m.:._..,.z fringe refers to a constant value of 0, the
telescope 1s normal 1o the surface, the fringes are circular rings in the focy
_..__m:_,,._,.._. the objective. When fringes of constant inclination are viewed wit
naked e, it is desirable to focus the eve for infinity but, owing to the small
range of angles included by the eve pupil, there is great depth E..wn.n:m and the

fringes may still be seen when the eve is focus i
g \ s ye 1s ocused near the film, provided it ;
very thin. oI

2. Discuss localized and nonlocalized fringes,

Other Related Questions -

Q. Explain localized and non lecalized frinzes,
Q. Whatdo you mean by localized fringes,

Q. Whatdo vou mean by
Ans.  Fringe formation and |
interferometry, and Miche
the nature of interfarin

(2009, 17)

(2010, 12, 16)

. (2015)
unlocalized fringes, (2015

ocalization in holographic nterferometry, speckle.
Ison interfer .

= FOMELry is very important to understand
e 5 : : .
optca nerferopy 240" involved in one o
dl interfer P o 3
and they are (i) Localized and (;; CImeny can be classified into two pars
o ‘et and {11) Non localized. The localized fri
tained in Michelson interferometer. P 1zed fringes are ob-
S s o erierometer, irrespective of coherence of sources, il the
e T._. ,_.:.mﬂ ”_m:”_ ted with __.nmw_nﬂ Lo each ather, On the other hand _.?_,.E.._ are
_....:” = | ECE never _r._.nmn._mw.n.m-._ any ¥ : L
be formed -if the mnterlering begme i Y plane. The non localized fringes will
Path length variation s._._....r.._.__ H_sy ﬂcﬂ two arms of the interferometer have
ot - 1 & coheren 1
_u..,._ﬁa..u:t?u__._ ! I ence length of source, Unlike frinoe
Horsin classical interferometric systems, localization of .q. ____rn., .,_“_:_w
¥-speckle interf; Tinges in holo:
aves ag _ﬂn wh ._aﬂ_n::_.d Elry depends on the reflected or trans-
such cases the ffinpes oner interfering waves could be plane laser heam.
CONSTnt and the u.__a.m.ru localize only at planes where the piae .: o
HOM Can gt he _.,wﬁ._”:“v_,:_“q:._u_ 10 the directiog a_._._._mlnqn:rﬂ ._ﬁ%v:r_dﬂ_..__
_ Lis 108 most of the interferometrje Skterd . H_r_*..n_ o
MCE Error § ir % i menis wuch
WE wanl piy Measure fhe n___“:r__mfc::r__#. “HUSe of ":_ri,_r,?.:na For “H.“_“..:ﬂ_n_._.
._-_;_.___.__L. % i Ul an __.__-:_r._l._._ Or any othe e . ._.
it smherrOmEtry, it will not be possipe £ CHO OF an object i
Possable 1o HECUra ey compute the

Amount of metgen Without the frinues being |

s heing ma e

i e ring g localized g 4 Particular plane, The
Polarization ey, ._q_".?:__...

miThed _.__.._._ ECtw
In

turn My introd

Visit us for morer
———— 8 for more deiaty u; il..ﬂlqm:.mﬂ_ﬂq.,.fl_
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Q.1. Explain Newton's rings are circular but air-v edge fringes are straight.
(2013,17)

Ans.  Newton’s Rings arc Circular but Air - wedge Fringes are Straight; -
In both Newtons rings and Air-wedge fringe arrangements, each fringe

is the locus of points ol equal thickness of the fim. In Newton s rings arrange-

ment, the locus of points ol cqual thickness of air film lie on a circle with the

point of contact of the plano-convex lens and glass plate as centre. Hence the
fringes are circular and concentric. In case of wedge-shaped air film, the loci of
points ol equal thickness are straight lines parallel to the edge of the wedge.
Hence, the fringes are straight and parallel,

0).2. Write short notes on Newton's ring. (2012)
Ans. Newton's Ring: - .
Mewton's rings are an example of fringes of equal thickness. Newton's

rings are formed when a plano - convex lens P of a large rad:us of curvature
placed on a sheet of plane plass AB is illuminated from the top with monochro-
matic light (figure( 1)}, The combination forms a thin circular air film of variable
thickness in all directions around the point of contact of the lens and the glass
plate. The locus ofall points corresponding to specific thickness ofair film falls
on a circle whose centre s ot O, Consequently, interference fringes are ob-
served in the form ofa senwes ol concentric rings with their centre at O, Newton
originally observed these concentric circular fringes and hence they are called
Newton's rings: -

The experimental arrangement for observing Newton s rings is shown in
figure (1),

Microscope

Glass
plate 5

Sodium
Lamp

MM

Adr Tilm £, Mano convex

...”!_..-/rffullr |“.I11...\.\ “lens .

¢ plass
A 0 13 plate
Figure 1
Menochromatic light from an extended source 3 is rendered paraliel by
[ Visit us for more detail at : www.winsemepublication
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alens L. Itis incident on a glass plate ,_.a__;,.. b A ana s __J i) " (ii) The amplitudes of waves must be equal. i.e. the brightness of the two
reflected normally down onto a plano-convex lens placed on a flat glass play

A | ; £ sourecs should be same.
Part of the light incident on the system is reflected from the glass-to-air bouyy,

) N ‘ iii) The sources of light should be narrow. i
arv, say from point D (fig.2). The remainder of the light is transmitted throyg ( e

; RE ; - s aan b £ {iv) The two sources of light must be of monochromatic.

the air film. It is again reflected from the air-to-glass ﬂc:: ary, say from pojy () The distance between the sources and screen must be reasoniab
J. The two rays reflected from the top and bottom of the air film are derjyy (v) The distance between coherent sources must be small.

through division ofamplitude from the same incident ray CD and are therefyy (vii) The sources should emit light waves in nearly same direction.
coherent. The rays 1 and 2 are close to each other and interfere to prodyg (viii) The two interfering waves must be in the same state of polarization.
darkness or brightness. The condition of brightness or darkness depends

the path ﬁ..__ﬂ,_..ﬂ:.:_,,m between the two reflected light rays, which in tumn depends Q.4. The dark region of interference pattern means destruction of light
on the thickness of the air film at the point of incidence.

Iy large.

] energy. Is it against the principle of conservation of energy. (2016)
N Ans. Actually when we think for a while it seems to be violation of low of
L . ¢ conservation of energy but there is not actually.
| Reason: -

[nterference is defined as the superposition of two coherent waves and
i redistribution of energy. Hence the same energy loss at dark point is trans-
ferred at bright point that’s why bright point is brighter than direct sum of the
intensities of two waves too.
p Hence in conclusion we can say that ves there seems violation but
\actually it is not. Because the average energy of waves after superposition is

0 D |equal to the sum of their energy. ;
A ; _ Mathematical Proof: -
Air 2\ B Let amplitude of two waves is a, and a, then their intensities.
o I, =ka‘andl,=ka}
Figure (b) L, nsition ;
= Intensity after suerposition at any point
Q3. What are the essential iti = 8 i
condition to obtain stag ol i I=1,+1,+2LI, cosd (8 — Phasedifference )
”_: =uper position of two light beams, FRLSRRC Ik _.qnq.w“wﬂ ) 2
m;ﬁ mm_a.a uestions - ( [, 1ds  [7(1 41, + 2 i1 coss).d .
Iy tate the conditions which are necessary to ohsery jonary Now, L -
m.nnﬁm:nm pattern, : serve the ....E:.H_HH_:.‘.H .ﬁ__ da ._._U_ di
- Twolight heams sy @
4 *SUPEFpOSE to penerat i : t-
tern, € 5latio al . 4 5
:_2,__;_,__.“___.2#.. . nary interference P .ﬁ: TE_. +ka; +2ka,n, cos mh_._nm_
ok E.En:.a:...,_.:&. are absolutly essentjy] o I =
) Conditions whje = T obtaining such a patter™

h are further desirable fi

["as
. 1]
Pantern, Le. one with high visibility apg ap ;

ronhi E__m:ﬁ a wood interferent®

0. Stateand : 5 Preciable frinpg o 20110 5
B explain the conditions F S egitra s e e V8 et (kaj &+ka}8) :
: ntrast of the interfere? = —_ = ka® +kal
Q  State ’ 3l - T g i B o i
state and explaiy ¢ Ees (201 (8) o
Stationary in, e e conditiong w hich g NECEsE a fhe it
Ans. Conditigns fq ﬁ_ru_:.,q? g :?...M..:E Hence energy is conserved.
= g H IO Gitaining sy, ’
(i) The twa o ESteady Interferen,,
Surces of lipht mus NEE patiery: - , ; T
: ; g ust be cohere ; . Q.5 When the contre of Newton /| »
should emiy light wivp with a r.::r:_w ent. Thay jg these pwo sourt® 4 ring willbe bright? L0k0)

Stant phagp
= single
tail af - Www,

cokhy ey i
EIENL solrcey are ohtainggd Irom

dife . ‘Ans,  Newton's Rings with bright center due to reflected light:-
Visi Werence, In such ¢
SILus for more de

S0uree, { Visit us for more defail at : www.winsomepublication.in ]
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Ordinarily the _.._.,E__L afal the effective path difference b 1 In this case all the pairs of interfering coherent rays of equal inclination
geometrical path difference 15 o EH tis /2 which is the co a.&.ﬂ pass through the plate as a parallel beam and hence meet at a point at infinity.
the two interfering rays at the point ol nm:__En. diie b5 A shiase o i _=_.._=.ﬂ The other pairs of different inclination meet at different a points at infinity,
minimum intensity. This path .“._%#n_._,nn.__‘,?.uwﬁ _M_.Mm_. nwﬂmﬁ mnqu_“..mn ﬂ..__.._s Thus Haidinger’s fringes can be viewed with a telescope at infinity. Fig. shows
occurs in the interfering ray Rﬁ.__p.n.ﬁ_._. :n.“__.ﬁ_“ ﬂnn e g un. J the the formation o Haidinger fringes in a parallel sided air film. Let € be the point
film (that is. from glass plate) develope m&. e P o mnm.s on the film which satisfies the condition of minimum intensity, 2t cos 0 = i,
glass plate. Hence the center of a Newton's ring is dark. To obtain 3

e T ——— ¢ ® where 0 is the angle between normal to the film EOQ and EC. then the point €
center, a liquid of refractive index M is ntroduced be €ns of refract appears dark. Thus all points on the film having equal inclination (i lie in a
index p and a plate of refractive index M, such that B > p>p - Underty circle of radius OC around O and satisfy the condition of minimum intensity,
condition the reflection of both the interfering rays at the point of com As a result, a dark ring of angular radius @ appears. As O increases 2t cos 0
becomes zero which is the condition of maximum intensity. Hence the centery decreases. Let D be the another point on the film at which the condition of
Newton's rings appears bright. This situation was achieved by Young. Inf maximum intensity is satisfied. Thus D appears bright and all points on the
experiment, he poured a few drops of sassafras oil (11 =1.57) betweenacror film having equal inclination 8 lie in a circle of radius OD with O as centre and

: =1 = : : ., satisfy ition of maximum intensity, therefore, a bright ring of angular
glass (u4=1.50) lens and a flint glass (u=1. satisfy the condition o L ghtri o
MPET of the J:mﬂ P Blass (111.65) plate and obisined a ury radius 8’ appears. In this way, as 8 increases. we get allernate bright and dark
o IR rings of equal inclination at infinity and can be viewed with a telescope fo-

. cussed at infinity.

Q6. Whatdo you mean by fringes of equal inclination, %
; (2009, 10,12, 14, Q.7. What do you mean by fringes of equal thickness,
Other Related Questions - . (2009, 10, 12, 14, 15)

Q. Define Fringes of equal inclination, (200 Aps, Now, let us assume that the two virtual

Ans. :»Emu.num_._w Fringes : Fringes of Equal Inclination:- images of the extended light source are not 1] ™1,
. The interference fringes can also be obtained from the films of it exactly parallel to each other, but from a small _I
form thickness. For a plane parallel sided film, the ath difference 2 pte¢ angle between them. Then, the center of the
between the coherent beams is dye to the J._mauﬁ:c: H_.“.__ th l _.qmmw_“n.ﬂ ring fringes in the fringe pattern displaces to
ronly. A very small change in r produces a large ch Hn o _ﬂ differsst One side. Then. the fringes will transform in
provided that tis large. All directions nn__._m_T;.sMw SELHiEE 1 pat [ 1o the fil ares and may eventually become straight and
will correspond to the same path difference _hmn 7 _z._.n s pes of parallel, when the angle is quite large. Under ; L
centric with the point at infinig; in the direi; 30 that the E:u...__uq fring gy these conditions the optical path difference L \_
like fringes are called the fringes of e ceion of normal will be seer- oet 15 4 function of the local separation between ~ =
= 0t equal Inclination or haidinger's fi" two images of the light source. The interference fringes thus observed arte
called “‘equal thickness fringes”, Strictly speaking, the fringes are of the equal
thickness type only if the eye or observing optical system is focused at an
infinite distance. When the eve is not focused at an infinite distance, the
abserved fringes will be of an intermediate type to the equal inclination and the
equal thickness fringes. The interference pattern is formed by localized fringes.
The fringes are arcs with its convexity toward the thinner side of the wedge
between the virtual images of the light source. A light may exits one ol the
images of the light source at the point P on the other from the corresponding
point at the other light source and with the same inclination respect 1o the
image. The point where they cross s located near this light sources. For this
reason, these are called localized fringes. Fig illustrates the iterference tringes
thai can he obtained with o Michelson interlerometer .
ol ) H.l.l.. Visit us Tor more detafl af : w Ul 1.....__.:___.:____.w.|_____._,.n_.__c=._n ]
Fwwwinsomepubiicationdn
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Q8. Givetheory of Newton® n d at the focus or_ convex lens L. The horizontal paralle] rays afier the lens
n"™ dark and n™ bright fringes. Mh___w.:_ a glass plate G _zm_:__& at 45" The rays are parly reflected from the
i " T g Al w - r ' ¥ q . " r
Other Related c:?::E,. PRI L expression E.n_._”r“h tw._.._,., ,—,__.: ; _;E_ r:_.:cw_:,,:_w _wz _,_ plano-convex lens of large focal
Q.  Discuss the formation ofi ey b By s et ngthl p aceq overa plane glass plate N,
their diameters. Explain why Newton's ring are alway cledlight  The air film is formed between the plano-convex Jens L, and glass plate
. (200) around the point of contact, 0. The interference takes place between the
Ans.  The formation of Newton's rings is a special case of _=__2w__..m.m=nn inan dirys reflected from the upper and lower surfaces of the film and are viewed with
film of vaniable thickness. When a plano-convex lens of large focal lengty imicroscope M focussed on the air film,
placed on a plane glass plate, then a thin film of air is formed between (he loweheory: -
surface of the lens and the upper surface of the glass plate. When a monochrs — The air film formed between the curved surface of the plano-convex lens
matic light 18 allowed to fall normally on the film, then circular fringes are oud plane glass plate is of wedge shape: therefore the path difference between
served. In reflected light the centre of the circular fringes are dark followed bwe interferring rays in reflected light will be
alternatively bright and dark circular rings and vice-versa in transmitted lighe, 3
When white light is used in place of monochromatic light. a few colourd ~ 2ptcos(r+0)+
circular rings are seen around the point of contact with violet colour insidea
red colour outside in each ring,
Experimental Arrangement: -

s rings and obtain expressions for H_Eszﬁa._nn

3
%y normal incidence (r = 0) and lor a very small angle of wedge (8 = 0), the
ith difference
A A
Zutcos(r+ E...M =2t +m
T constructive interference or for a bright ring

A
) 2ut + == n4,
2

d d for destructive interference or for a dark ring

Mt Ao ) A A =

& — =120 =5 =
HU+ 3 { 5 or 2pt=ni

L the point of contact (1 = 0), the effictive path difference uw + which is the
|_— ndition for minimum intensity. Hence, the'ventre of'the Newton's ring is dark.
ameter of the Rings: - .
n.\....‘.\ < " " Consider a plano-convex G
< . i

1SAUH placed on a plane glass
e MON (fig.2), Let t be the
ckness of the film at any point
and R be the radius of the
rved surface AOB. We know
tm the property of a vircle that
22Ol = OLxGL oo i)

L, EPL = QL =r: (r = radius of
J N Eular ong) and GL = (2R - 1),
There fisre, the e (i takes
.._D observe he Newtng ' g form ) ML
u___._...._.r.a_ﬂ"_._n._.:nﬂ:. P, the 1o A Er 2R -1

L . " —J
Sisan ey, “Aperimental arrangement 15T
VER Exlended LY i codiu i [ Visitus for more detaii at: wn wwinsomepublicationin__ )
us fur INtpe nm...m.ﬂjxm.rnllfll OLE source, j.e.a -

T ) Vmemi g im g aany

A

Figure |
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or - F=2Rt-¥

,3,4,5..... ineq.{vii). Then
Since. t=<R: hence 3

mav be neglected in comparison to 2Rt

" ) i D, -D, H,..___.gﬁz_.MI_u
S g e crreenen (i1 )
So, F=Rt = 155 i D, ~D, = V4R (3-2)

Diameter of Bright Rings: -

Substituting the value of ¢ = ¢* /2R inthe equation for the condig; D,-D, = J4iR ( Ja- .,.__mb
1axi e have -
TN TITILETL, W .Du |muh b f___ﬂ*.é_m| {___My ._u.hﬂ_.-.—..—..._ 3
T (25— :W. — Hence. it is clear from the above values that the spacing between the

IR - 2 I onsecutive rings decreases with the increasing order of the ring as shown in
Let D be the diameter of the n® bright ring. then gure (3),

L3 B i |E 1.9, How you can locate the zero order fringe in biprism experiment?

2 ) 2

2u {2013, 19)
s, Location of zero order fringe;: -

2(2n-1)2R In a biprism experiment with monochromatic light all bright fringes are

: 9 e el el | ; . P ! i .
" g u 22n :_bm (forairp=1) Jike. However, with while light source zero order fringes are white . All other
E | X 5 - - .
; finges are coloured. Thus by replacing monochromatic source by white light
or D, = J2iR{2n-1) (iv) purce we can easily pluce the cross wire in the position of the zero-order

Thus, ; | cinge. [fnow the white light is replaced with monochromatic light, the position
£ 1115 glesr ; : 5 : ki : e
PRI HEIN 18 €heat o equation that the diameter of the brigh f the crosswire in the eye-piece will give the zero-order band.
w,ﬁ_?r tonal 10 the square roor of the odd natural numbers.
iamet ark Rinme
o 0t DAtk Ringy; - L10. Briefly explain Fahry-Perot Interferometer. :

Lsing the condinion for minimg, we have dther Related
o ) . L Discuss the formation of interference fringes in the light reflected by
|..T:u. =ns = = .nh.m lane parallel plates after multiple reflections. Alse plot variation of shapes
b K fthe fringes with the coefficient of reflection. (2014)
’ . Discuss fringe formation in light transmitted by a plane parallel plate
L, b the dismeter o (he n* dark ring _m.ﬁ..q... = Wu,. Enm from E__.__.:_nw :.:____,E_.. :..:__.._.":n:__.. Also discuss variation of shape of fringes with
2 ) oefficient of reflection. (2009)
D omp L Write short note on resolving power of FP etalon. (2011)
i i D - niR ins.  Fabry-Perot Interferometer and Etalon: -
M = s — : ; S .
M : The Fabry-Perot interferometer is Em: resolving power instrument,
d D =4np thich makes use of the “fringes of equal inclination”, produced by the trans-
i S (forairy, = 1) ditted light afier multiple reflections is an air film between two parallel highly
i D =J3np ; HMecting glass plates,
i .q.np..... the diametey Of the dark i ; sroerielVE) Em“,.. 1 :n._._._.ma,m:.;._._n.ﬁ .nn_:mu..q.:_. ol two optically plane glass plates A and B
T2tural numbers 1£py R TR ring is proportional to the QU sith their inner surfaces silvered, ..__.j. 3_.._._”& u...._.,:EF._u...ﬁ..S:_n_ 1o cach other
+ T g e dismeters of i and (n + 1)* dark ™ crews are provided 1o secure parallelisin if disturbed. This svstem is dithicult 1o
D,.~D, = vinsl)ip _ Aanufacture and is no more in use. Instead an elalon which is much more casily

| P— !
VARLR = JAdrR _‘ “n+l- .,__m....? _anuliactured s used. The etalon consist

VE Fipe inE T - -
€ Mings may be abtained by putt Visit us Tor more detail af ; wn wwinsomepublication,in L

Ure dega i —— .....\\

" s ol o semi-silvered plates ngidly held
WIS Loy

rrrr“_...-.-_EHm..
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el at a fixed distance apart, The reflectance of the two surfaces can be ash
as 90 10 99.9%%. Although both reflected and trans mitted beams E_n__.:m_.r. with “
other. the Fabrv-Perot interferometer is usually used in the transmissive modg

A B \.h%\
1 2d co
e
=mj
- 2dea
g = An_._..

5 15 a broad source of monochromatic light and L, a convex lens|
shown in Fig) which makes the rays parallel. An incident ray suffers a la
number of internal reflections successively at the two silvered surfaces
shown in Fig . At each reflection a small fraction of the | ight is transmitted 2
Thus, each incident ray produces a group of coherent and parallel, transmi
rayvs with a constam path difference between any two successive ravi
second convex lens L brings these rays together to a point in its focal pl
where they interfere. Hence the rays from all points of the source product
interference patiemn on a screen placed in the focal plane of L.

Formation of Fringes:-

Let d be the separation between the two silvered surfaces and 0 the incl
uon of 2 particular rav with the normal to the plates. The path difference betw
A0y TWO successive transmitted rays corresponding to the incident ray is 2d ¢
The condition for these rays to produce maximum intensity is given by

Jdcosli=mi .
E.: aniteger. The locus of points in the source. which give ray
constant inchination, 8 1s a circle. Hence, with an extended source, the inter
Ence patlern consists of a system of bright concentric rings on a dark b
ground, each ring comresponding to a particular value of ),
Determination of wavelengthe-

Whern the reflecting surfaces A and B of't
exactly parallel, circular Iringes are oblained |
Iringe 21 the centre of the fring

where

he interferometer are adj®
Let m be the order of the bf
© SYstem. As at the centre B = (), we have
A=mi .

s moved a distance j.72
Of the next order appears a1 1k
from the position x 10 5, and the
during thig Moy Einent is }

If the movat i :
H:.::_w:; viahle plate . 2t cha nges by 3 and hence a It
ol & centre. IT the movable plate is me

number of fringes appearing at the cel

Vis N, then
i
Ne—=a, - =28
.H Ky =%, £ x,.|.|"..,|n|ur|w (i)
Visit us for mure dergij 4w TR

nsomepublication.in
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Measuring x,,x, and N, we can determine the value of 7.
Measurement of difference in wavelength: -

The light emitted by a source may consists of two or more wavelengths,
as D, and D, lines in case of sodium. Separate fringe patterns corresponding to
the two wavelengths are not produced in Michelson interferometer. Hence,
Michelson interferometer is not suitable 1o study the fine structure of spectral
lines. On the other hand, in Fabry-Perot interferometer, each wavelength produces
its own ring pattern and the patterns are separated from each other. Therefore.
Fabry-Perot interferometer is suitable to study the fine structure of spectral lines.

Difference in wavelengths can be found using coincidence method. Let
k,and &, be two very close wavelengths in the incident light. Let us assume
that &, = #, . Initially, the two plates of the interferometer are brought into
contact. Then the rings due to 2. and 2 coincide partially. Then the movable
plate is slowly moved away such that the ring systems separate and maximum
discordance occurs. Then the rings due to ., are half way between those due to
k.. Let t be the separation between the plates when maximum discordance

occurs. At the centre

iy, 1 .
2t =m, =| m, +m_. u.u; ....... ] :

o my(h 1) =R, /2

by
my; = mt__.. 5 S— 1] ]
Using the value of m, in eq.(ii), we get 21, = mﬁur“..wﬂ..“ ) Ay

M, A
g ..___._. ’ =Y maan 3
- R i, m cee1V)

(since Pty = ..”.ru: o 85 k= ks very small.)
When the separation between the plates is further increased, the ring systems

coincide again and then separate out and maximum discordance occurs once
apain. 1T, is the thickness now,

N
2t, =m,h, rﬁ_.:u +.ﬂu,w_

PO | |
From eq.iv) and (i), we gel
Mm-u = _- V = A_._.-u - _.5__ .-s-__._._ —. ﬂ.—._.-n. =m, .“u..._ ._:Mr._._ :...:A._.._..f
A
or (m, —m,}= T uri

Visit us for more detail ut : www.winsomepublication.in ]
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o ned) wie obtain
et e expression into equuivl), We

2, -t ) ==

.ﬂ...."_..._ .___._._.:_....._

o RIS T 2 -t)

ity 1
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[iv) Ifthe twosets of waves are plane polarized, their planes of polarization must be
the same: - '
Waves polarized in perpendicular planes cannot produce interference ef-
fizcts.

Q.12. Write short nute on colours of thin film. (2011, 14)
Ans.  Colours in Thin films:-
The colours exhibited in reflection by thin films of oil, mica, soap

Q.11 State and explain conditions for sustained interference pattern, Lybbles and coatings ol oxides on heated metals ete are due 1o interference of

Ans. Conditions For sustained interference: -

light from an extended source such as sky. Thomas You ng explained the origin

(i) The waves from the two source must be of the same frequ eney: - of colours in thin films. It may be understood as follows. The films are usually
IT the Tight waves differ in frequency, the phase difference fucmobserved by reflected light, The eye looking at the thin film receives light
trregularly with time. Consequently, the intensity at any point fluctuates yywaves reflected from the top and bottom surfaces of the film.

time and we will not observe steady interference.
(i} The two light waves must be coherent: -

_ The reflected rays are very close to each other and are in a position to
interfere. The optical path difference between the interfering ravs is

ITthe light waves are coherent, then they maintain a fixed phase differs A = Juteosr—4 /2. It is seen that the path difference depends upon the

over atime and space. Hence & stationary interference pattern will be obseng

thickness t of the film, the wavelength . and the angle r, which is related 1o the

(iii) The path difference between the overlapping waves must be lessthanlangle of incidence of light on the film. White light consists of a range of

coherence length of the waves: -

Light is eritted in the farm of w
characterizes them.|f we cons
phase difference
wave | and 5T of wave 7.

P 0 R

T PPy,

5

Fig. - Partia} gy,
For the pans pry ,

T

rlap yf wavelrains

ider two interfering way

(wavelengths and for specific values of t and r, waves of only certain wave-

ave trains and a finite coherence led lengths constructively interfere. Therefore, only those colours are present in
e trains, having conslf the reflected light. The other wavelengths interfere destructively and hence
» a5 n figure, the interference effects occur due to parts QR are absent from the reflected light. Hence, the film at a particular point appears

coloured. As the thickness and the angle of incidence vary from point to point,
different colours are intensified at different places. The colours seen are no
isolated colours, as at each place there is a mixture of colours, The compasilion
of colours is different at different places and contours of impressive hues are
observed over the entire surface of the film.

.13, Write short note on visibility of fringes and degree of coherence.
b (2010)
Other Related Questions -
Q. Write short note on visibility and degree of coherence. {2009)
Ans. Visibility of Fringes:-
The contrast of the interference fringes can be quantitatively described

dn nd TH : T _n ) = eaf s

mlerferenes pattern dogeg Tu nterferenee will not oceur. ,ﬁwmﬂn_...a.w__ _u.% "._,,..4 ..uuqm___._F._mb. called visibility.

Overlaps on ghe Wave 1 ) wa_.__EE;..:.;nE__ When the entire wave HEE___ T

H__.mn“ hang, _.___._n:__._nwn”“_“.w.c. _._._..nl._..q__w_._cm patiern will be distnct _ﬂ”._ f . (=

aTge. the waye 1o - Sierenpe betwegs s T

.:”._...ﬂﬂ".._:.r : Tizsiny ArTIve 4t ﬂ:._"_...—m ; i Lhe waves | and 2 be .u.___._t. s . ..:l._._. __.____ st o o : 8
i 10 Sueh g, e, Mtmes and do ot averlap on o the value ofvisibility varies between Dand |, When the fringes are of maximum

__u“.._.?_ -Mpletely vanishe ._...q._r.q.n:nn does poy take place. The _.a_n_._._._ | tensity in the bright arcas and totally dark in the dark arcas, the visibility is
Ot [ g gy L T _”_...,_.___ the pisth dilferenge jg —Mac.m_ to the nc_.._m_“._ equal to 1. As the phase difference increases, the coherence hetween the lizht
1 Thay :

waves decreases and the visibility is redueed Finally, when ihe coherence
( Vislt us for more detail at : www,w insomepublicationin )
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|
between the two light waves disappears, 1 and [ become equal ang _,_
visibility goes to zero, Then [ringes are not ohserved and instead we GES
uniform illumination. _
From g _.=__,._ = ._._ + _u * H_.__”_.__u and this is £q. ._”_____._ =~ H_ * m.... * Méﬂ_u __.u_m_ .__._m
ibility of the fringes produced by two beams can be expressed as

n___m_+mL”|H_m_lmLu = umumu IM...__mH Iua..___.__._u

.r_... - n. 3 e =
(E,+E,) +(E,—E,)" E/+EI L+L . 1+L\Il,

It is seen from the above equation that the closer the intensitics of the t

waves, the higher is visibility of the fringes, When |, = L, V=1. It may be not.

that V'is always equal to 1 when monochromatic light is used.
Degree of Coherence: -

A dimensionless unit, expressed as a ratio, used to indicate the extent|
coherence of an electromagnetic wave such s a lightwave.,
Note 1: For lightwaves, the magnitude of the degree of coherence

ks Fe : is equall
the visibility, ¥, of the fringes of a two-beam interference

test, as given by

Vo= __._.n_.’ = “3:,
H_._-_uH k. _._._._m_._
. ..a_r.nﬂn us.“_, 15 the :._._ n.nmE., at a maximum of the interference pattern, at
I isthe intensity at a minimum,

Note 2: Light is considered to be highly coherent when the degree of cohe
ence exceeds ()88, _E:..x__m_ coherent for values less than 0.8% but more th
nearly zero values, and incoherent for nearly zero and zero values. .

Q.14. Two coherent light beams have intensity ratio 9 : 1. Find the ratiot

maximum intensity to minimum intensity in the interfi
Other Related Questions - ! e ey '

. _ Twao n..._.mn.mﬂ sorces have intensity ratio 81: 1, find the ratio of th
Mw._u mu Eﬁ_:ﬁmﬁ_:._ o minimum intensity in interference patter, (200
oL . The ratio of maximum Intensity to the minimum inte nsity is piven b

e 3 :
min _.m_ -, “l —
| al
Hege, ~b=21.0
I ay |
a, 3
i, | h=dn
. SR | T}

m_.tﬁ.m.::._s.:m the value of y

Visit us Tor mor

from eq(ii) in eq.(i), we pet
e detail ay ; WWW.winsome ublic

ation.in
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6 _4
1

Q.15. Define FraunhofTer Difraction at a single slit,
Other Related Questions -
Q. Derive anexpression for intensity distribution due to Fraunhoffer dif-
fraction at single slit and show that the relative intensities of the successive
maximas are nearly in the ratio.

firi s , (2017)

22 61 121

0} Omnly plot the intensity distribution pattern due to Fraunoffer diffrac-
tion at single slit. Also show that the relative intensities in the successive
maxima are nearly in the ratio. (201 6)

4 4 4

" "
H H

FrmrRadEaEe

5 b

ox® 2577 497’
Q.  Demonstrate that in FraunhofTer diffraction at single slit, intensities
ratio of principal maxina, first secondary maxima, second secondary maxima -
5 1 1 1
isgivenby 1: —:—:—. (2019)
22 61 121

Ans. Fraunhoffer Diffraction At A Single St (Caleulus Method):-

Let a monochromatic parallel beam of light be incident on the slit AB
of width a. The secondary waves traveling in the same direction as the incident
light come to focus at the point P The secondary waves traveling at an angle
B come to the focus at P* (fgure 1). Let us consider the screen to be at a
distance r from the slit. The center of the slit' Q) is the origin of coordinates.
Further, let us consider a small element dz of the wave front with the coordi-
nates {o.z). The coordinates of the point P are (x .2 ) ( nE....n 2. Thie distance of

the element dz from the point P is p.

M
4 .
—_—
il v
T BT T cacessssmnnnnnfanduan +..n..u....- esmmnEk
. ~ —— ; =
I.I-I-'.llllt
B
e Z
Figure 1
( Visit us for more detail af : www Minspmepuohlication.in ]
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The displacement at the point P* due to the element dz at any instant is given

by

nisssid1)
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But D —sing :
r
- p=r-zsinf J—L1
Substituting the value of P in eq.(ii), we get

M -
t r zsinf
=K |sin2n| =———+—|dz
> ._ T & &
int t r asin®
u__,u1|w....u.. cosdn Iﬁ.|4_.1+|mm__.. =052 == ———
, 2rsinf T & 2k T & 2L
: . asinf
) | [ H|x|w._.. uﬂ:maﬁ.ﬁulh Enmﬁﬁu w
..:.ﬁ HWEEE displacement at P* due to the whole wave front is obtained by Znatng L 2
integrating the above eq.(i) ’ _ K. 0
ko t r)]. (masmn
= _ =—_8n2f| === [sIN| ———
: [g _ msin T A A
-_uiaamu_ffmu& _
S T 2 s ﬁnnm,:m - :
Al “ . .
50,
1 sina . 1 r A
v,um”imolw% B 11} u.u_Qﬁ o wm_zmnT.?M i)
r=x+z _ : sina
X,=r =z . The amplitude at P' is _ﬁmﬁ = uman the intensity at P’ is
Substiluting the value of X, in eq.(iii), we gel " 2.3 wm_.__u_u,__ sin” o
"M S i I'=K'a’| — Lu_q ; e Vi)
p=r IN__+nH_._|N._ a a
v ol e ot sinee
p=r _|.|._.+|N.u| | Here i =K%’ and is the value of intensity at P, for o =0, as .rﬁI.H_,_E_m:
ror eermsi{ V) .
Inthe case of FraunhofTer diffract;
raction, the se . ; o — 0.
: TeEN is at a very large distance from _ (i) Central Maximum:-
the s, _._.—.nqﬁﬁﬂwﬂ > £

“and = is negligihle,

pi=p T 2=, .

ublication.in

For the point P on the screen (figure 2) 6 = 0; and hence =10
sin o
L

The value of when o — 0 s equal to 1. Hence, the intensity at

.._

P= _thllm_zﬁw =l which is a maximum.
o

(iiy Secondary Maxima:-

( Visit us for more detail at : www.winsomepublication.in ]
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The directions of secondary maxima are given by the equation,
aq

. (2n+1)A

sinfl_= _ ;
23
Substituting this value of 8 in equation @ = ﬂ asin® we gel
_ma{2n+)h (2n+1)n .
o= T = - > AT}
Substituting n=1,2,3 etc in eq.(viii), the values of a are given by
In 5t In .
=—.—.—elc
20z
(a) For the first secondary maximum, o= u|ﬁ
- “
; 2 m_n_u.___.ﬁ._u “ :
and l=1, B =1 2 =] L MM_FHJ_F
: « 3n | 3n n’ 22
L 2 L2 ]
(b) For the secondary maximum, o = m% and
) sz ﬁ "
T sin =~
5N o
,urh ;u___ L I e | Y
a _ 57 Swl 25 gl
Ay e
(e} For the tertiary maximum, o = s ang
i 2
5 s T 7
=1 (sing T:T._ ._
(252 u S| -2t L
K Tz | "2
h i « :
then the ratig of SUCCessive maximag g
_Pu_[ !
22 6l 129

B.5¢. 11" Year - PhySics 1 - Chapter 3 - 43
tions of these maxima are obiained from the equation given above,

2

The intensity at P* is given by, I'=1, Sing
o
) ﬂumm.,:ﬂnomnl?:._“imﬁ
di'=1, ; y dir
L
] dr’
For ' to be a maximum, — =0
do

. ﬂ”_”ummnnncmij?_.:unumnun

tama = o

If graphs are plotted for y = o, and y = tanc, it will be found that the secondary
maxima are not exactly midway between two minima. The positions of the
secondary maxima are slightly towards the central maximum {figure 3).

1.0 Intensity .

TN TN

%

&
=)
3

ALl LT T T T PR

L LU LU LT T
R rE SN Es e Eaaas

CCLTILI T TS

Sesnnamannssassflssnnnnanannaannnrsannnn

Fo

Rttt (L T T T T T r——.
L L O T T T T T T T

Figure 3

_ (iii}Secondary Minima: - .
The directions of the secondary minima are given by the equation

| Visit ws for more detail af : www.winsomepublication.in ]
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asin@=nk

R
m:gm_._Es.nw_:n....,,:_n_,;.H..z.::w:n.._.nu H asin we pet

a=—nhk=nn B

Substituting n=1. 2. 3 etc in eq.{ix),we obtain
. dmete.
When these values of a are substituted in the equ.(vii) for intensity, we oo
[=0
In figure (3), the positions of the secondary minima are shown for values of
a=7,2n, 3netc.
A 2Lo3k

Mt 2 refer to the values of sin § for these positions,

Q.16. Discuss briefly Llovd's single mirror,

Other Related Questions -

Q.  Explain

(i} In Lloyd’s mirror, central (zero™ order) fringe is not visible,

(i} In Loovd's mirror central fringe is dark

{iii} Difference between biprism and Lloyd"s mirror fringes, .“wE.
0. Writeshort note on Lloyd’s single mirror, {2018, _.
Ans.  Lloyd's Single Mirror: -

In 1834, Lloyd devised an interesting method of producing interft
ence. using a single mirror and using almost grazing incidence, The Llyed
mirror consists of'a plane mirror about 30 ¢m in lengthand 6 10 & ¢m in bread
(figure). It is polished on the front surface and blackened
multiple reflections, A eylindrical wavelront coming from
on the mirror which reflects 5 portion of the incident
avinual image of the slit 5.

at the back o ave
anarrow slit S, fi
wavefront, giving rise

- -
m-.hull.-_-ll.._lilulluv

b D—
Another portion of g, ef i i
the screen, The slits 5 and wiﬁ.n_aa_ e il {

—— - BCL a5 two e [
Visit us for more Beialla] herent sources. Interferenct
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tween direct and reflected waves occurs within the
the two beams and fringes are produce
from S, in the shaded portion EF.

The point O s equidistant from S,and 5, Therefore, central (zero-order)
fringe is expecied to lie at O (the perpendicular bisector of 8,5, band it is also
expected to be bright. However it is not usually seen since the point O lies
outside the region of interference { only the direct light and not the reflected
light reaches O),

By moving the screen nearer to the mirror such that it comes into con-
tact with the mirror, the point O can be just brought into the region of interfer-
ence. With white light the central fringe at O is expected to be white but in
practice it is dark. The oceurrence of dark fringe can be understood takin L into
the consideration of the phase change of wthat light suffers when reflected
from the mirror, The phase change leads to a path difference of ; /2 and hence
destructive inlerference occurs there,

Determination of wavelength:-
The fringe width is given by equation. Thus,

LD
hes

region of overlapping of
d on the screen placed at a distance

Measuring D and d, the wavelength 3 can be determined,

Comparison between the fringes produced by biprism and Llovd's mirror:-

(i} In biprism the complete set of fringes is obmined. In Llvod's mirror a few
fringes on one side of the central fringe are observed, the central fringes
being itself invisible,

(ii} In biprism the central fringes is bright whereas in case of Lloyd's mirror, it
isdark,

(i) The central fringe is less sharp in biprism than that is Lloyd’s mirror.

0.17.  Deseribe the procedure to determine the refractive index of materi-
als in the form liguid using Newton's ring experiment. (2019)
Sol.  Refractive index of a liquid: -

The liguid, whose refractive index 15 to be determined, is
filled in the gap between the lens and plane glass plate. Now the liquid film
substitutes the air {ilm. The condition for interference may then be written as

2picosr=mk Darkness
where 1% the refractive index althe liquid. For normal incidence the eqLaTio
become

2t = ik
: 2ur?
r L2
As f= — ——=m
] 2R
[ Visit us for more detail at : wws.winsome _:____.=_._:_==.... ]
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meR . _4miR
(x T

Df=——

L . B

B8, 1 Yoy .

The optical path difference at P is A, —A

Physics | - hapter 3 - 4

wr =0 since in the pres-

; ence ol the thin sheet, the optical path lengths S P and S are equal and
N ih f 3 — 3 : :
Following the above realtion. the diameter of m* dark ring may be expressed

ipt] wdEtE ol
k X -l i T__.
Similarly. the diameter of the {(m + p)™® ring is given by
.= Aim+p)iR .
1D, | = {m+3) SR {11
- e | | —I_.

Subtracting eq.(i) from eq.(ii), we get .

I Ty .._:.z__.a
_..._n...__ ._.U,_Q_ hl__..Fl

Bt we know that

[Di., ] [}, ] = 4pir
(b

{o2,), - (02)
S T oy -

iy

wn

Q.18 Find the expression for the displace
sheet of mica i introduced in the path of one
experiment.

Sol. Lateral Displacement of Frinpes: -

The biprism experiment can be used 1o del
n thin sheet of transperent materal sUC
transparen sheet is introduced in the path of one of
the fringe system pets displaced towards
introduced. By measuring the amount o

ness of a pive

Suppase S and 5, are the v

The poim ) js eyuidistam from S and 8§ where
frnge. Therefire
thickness vapg

» e optical path 30=50,
etive index p e introduced

Higure). The optical pisth lengihs 50 and 5.0
cemral bright fringe shifi 1o p from 03, The light
it and partly in the sheey G- the distance
un the sheet g ¢,

The opticalpath A,y = (SP=1) 4yt =g,p ¢ (- e

ment of fringes when a (hi
of the intefering beam in bipristy j.

(201 hich will have double the diameter o thaat 20 dark ring?

terinine the thickhe incident light is 3800
has plass or micp, Ifa __u._..__=f Order ol dagh 7020 20
the two interfering beams : n—
the beam in whose path the sheet We know that the radivs of the ring is wiven by Tt
“displacement, the thickness of tf
sheet can be determined,

. ) FLhpL b R, n
irtual Q.?r..-.r.:-. H._.__.u._.:_un.._uH.U_.:mnmn .ﬂ_u_._ﬂnn.aﬁ _.“___p__:_.._“._.—.._.n_.—l el =i .___| osin

Y are now not equal and B
waves [rom 5, ato P ravel pa
travelled in air ?:.,.___1-:_ and %‘Hq

Winsomepublication.in

central zero fringe is oblained at |
A=A,

cay [S,P+(n ~1)t]=s.p
S;P=5,P=(n-1)1

5 pasp =
1 |_
where x 15 the lateral shift ol the central fringe Fignre Y

due to the introduction of the ting sheet,

But accesding 1o the jil:

. : ; xd
dence, the thickness of the sheet is | = —

D{p-1)’

Nume

Ina Newton's ring experiment, what will be the order of durk ring

The wave length of
L}

: (2016)

wavelenplin % 280 0% ey

r #.F.x ”_.w.vﬂ

: we obtain the central brig”™ 17"~ 4ARm
Let a transparem ﬁ__._m.mﬁ_.
0 the path of one of the hear®

B =dAR =0, ;
Dy =4AR - 0. &ML 70 3nAR

ﬂ.___..".:._q.,..s Thal

D, 20, .
__..u_.. n, FPSRRRARS 11 |
L.._._.._.—ﬁ._.__ =i » B = AR
i, = &l
(T Visit s tor mere detail af : .-__HW.__H.;_.._z__.,mmm_._.__r.n:a_...ﬂ..... )
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f : e the ratio 1:4. Fing the.

2. Twointerfering beams have intensities in . ey plate. Caleulate the ya] ) o
ibility of the interference fringes if the degree of coherence is /2, o Alue of refractive index of the liquid. (2014)
Other Related Questions -

0. Twuocoherent light beams have intensities in the ratio 1:4, Caleulay s,

visibility of the inteference fringes if the degree of coherence is /2.
Sal.

by

(o). (0.30cm)*

et o

|.I.|.|uTE
w 2 X
_ w2 () (2),  (029)

The resultant intensity at a point in the region of superposition is g

o 25. InaNewton's ring experiment. the diameter of 4™
I=af +a3+2a,a, cosd

and 12" dark ring
ire 0.40 em and 0.70 cm, respectively,

Find out the diameter of 20 ring.
(2012)

The above equation may also be written in terms of intensity as under :

e tol.  The difference of (n + E_:msﬁ_z__:_“_m%;:mmmm_.__a:E,.
b=1+1; + 240, cosd
._..#Ew__uu_unsn rnu”

D;., —D; =4pRa.

()
fere, (n+p)=12and n =4,D,,=0.7cmand D, = 0.4 cm,

d=—:1, =4landl, =1 L Di=DI=4xBxRi 1))

Substituting the above values in the expression for intensity, __a D}, -D} =4x16xRA 11
s dividing eq.(iii) by eq.(ii), we get
I=41+1+204 cos—=2 =3 Tl '
| “ _rcum I+1+0=51 _\._m_dln.h,um._l&uq
D, -D 4x8

Q3. Calculate the inte

nsities in superposition of two interfering .Er_ - = 4 .
light beams having intensities 1, and 41, and phase differences 203, (> Du-Di= 2(D}, -D] w
Same As- : : D =2(0.7) - 0.4)°
Q.  Caleulate the intensity due to EEGEE::E,E.Eim_._,mq_._mu”q Dz =203, =D, =2(0.7) ~(0.
ent beams having intensity I,and 41, and phase difference 2713, b JO.82 = 0.9cm
Ans.  The resultant intensity at a point in the region of superposition is{ =
by

=0.98-0.16=0.82

l=a7 +a3 +2a,a, cosh
The above equation may also be written in terms of intensity as under:

|

=141, +21, +1; cosd

2 2 |
where |, = 4 andl, =a;.
Givend=2z73,1 =4 L=
] ._ L - (' .
Substituting the above values in the expression for intensity,
In
b BOS—
A

—

b=al, +1, + 2,411

=51, -21, =31,

Q4. Ina Newto

Vs ring experiment the dj ™ rin nx
FOm 0.3 ¢ 100,28 oy e +the diameter of the n™ ring

M transpare

Wi

. - -1
ntliguid is introduced bet” Visit
| Sit 03 for mare de

us for more detail al : www.winsomepublication.in =
_i_q_.u..__..__.___:.__.#.?mn::.. ublicationi®
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Q.1 What is population inversion, Why it is esential for lasing =...=.=___

ﬁ Chapter 4

(2012,
Other Related ioms _
Q. Population inversion is an essential condition for: lasing ﬂ::_:.__j
ventional laser. explain, (201
Q. Explain population inversion, .tj.
Ans. Population Inversion:-

When the material is in thermal equilibrium condition, the populs
Fatio is governad by the Boltzmann distribution law according to the folloy
equation: _

=y et _

{1}

It means that the Population N, at the excited leyel E, will be fur M_L.
than the population N, at the level E,. The condition in which there are
stoms in the lower energy level and relatively lesser number of atoms .u.=_
higher eneray
t1a)). Thus, undey thermal equilibrium, N, =W

. N,

.
Foeeeeeeas N, |
: E,

m..l|. -

E — —

—N, |

(a} Normal siae
Thermal equilibrium condition
Z.--ﬁ.rl“z_

(b) Inverted siate
Non-equilibriym condition |
ZMVU.Z_.
Figure | _
To achieve g hizh Percentage of stimulgted emission, g majority of
oms should he at (ha higher energy level than ap the lower energy level
may somehow enhance the number of gloms in the excited level, such that
Population ratio NN, mome marily increases without change
This is g ren-equilibrium conditjng of the mater
UPPET enerpy Joya] N, momenty rly exe
level N (fimpe Hth)), That is .
; ) |
i _z. ; _”,.__:._ s seen thag N o ..__L_
(i L it | SHN Y e | e

s b p his, the v.n”_n _:_ww.,““___ﬂﬂ_nr_ __.._.”H”__”hr“”__ﬂﬁ_,_” ___.n ﬁﬂ:.ﬁﬁ”ﬁﬂﬂg
i AL I _..;-.:E::____..r ,._..:,__.. 1 . Wi i i :.__
ksl - Hedoes notinegn that we can attain {
PEEAUrES ff, g, #rsnlinge e, The ferminn| oy underlines the facl ______Hh_
A HOR-c ulibrign, state, It should be bo _
ek al normg| lemperatures. 7.
Virrg __._E‘:u_.,_u..__. _”__.IEF_...IEI_.E._ Encigy levels, Al L

T N e ep R TTeationin

—_—

in tempera)
tal in which population of!
ceds the Population of the |ower ent

LALGLTT I

slilie i ____,._n.J_:: s

pulonjon g
Elgm

... B.Se, 11" Yy Physies | - Chapteer 4 - 51
equilibrium, photon yiygey Plion and emission processes take place side by
but because NN, the System absorbs photons sther thirn emnit photons,
Now suppose that il s YStem is supplicd witly energy froman external source 1)
N, exeeeds N,. Then, the SYStem is said o have altained that stae of populitio
inversion, The population inversion took Place between the levels | and I,

side,

Amplifying mediym (N=N )
L] L] °

Cutput wave
Inpunt wave

Figure 2 - Amplification of a light wave in o medium
with population inversion

When the system is in the population inversion condition. 4 few Fin-
domly emiticd photons trigger stimulated emission of photons and those stimu-
lated photons induce more stimulated emissions and so on Consequently
light gets amplified (Tigure 2) and a cascade of light is produced. However, in

level is called tormal condition or thermual equilibrium fig this process atoms from E, level make downwsrd transitions and as soon as the

Population at lower level becomes equal or lirger than that at e excited level,
Population inversion comes 1o an end. Energy is again 1o be supplied 1o the «
system fo take it into the staie of population inversion,

The nan-equilibrium condition is anained hy employing pumping tech-
nigues o transfer targe number of atoms from lower energy level to higher
energy level,

Q.2. Write short note on Michelson Interferomerer
Ans. Michelson Interferometer: - :

A schematic representation of the Michelson interferometer s show i
figure. It makes use of a broad source of :::ﬂ.-:ﬁ:.:_.r._u.::.:....:n Hm.h_ﬂu.cz.._..rn
ncident heam is split into two by a bewm splitter which s anented at 45+ wih
the direetion of the beam, The two beams, reflected angd transmitted, proceed 1o
the two mirrors, which reflect them back. The reflecied beg ms are .n_.uu:?m.._.:_ by
the beam splitter. A physical beam z_::_....a has 1o have a finite thickness and
one of its surlaces is coated for beam splitting. Thus one ofthe _.._,,."__.;.ﬂ,:.“:..n_.mnm
the thickness three times while the other beam does so only once. This extra
patl traversed by the beam can be .E..:.?.:....u_i_ hy translating one of (he
Mirrors: byt the chromatic dispersion in gliss cannor be compensated. In opder
I abserve fringe in white light, a compensssine
splitier iy placed i one arm

(2017)

il ._._..w_‘__. the
s enclg
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formad by the beam splitter. The air film has constant thickness, Sinee t
source 1s broad, circular fringes of constant inclination are formed.

L

The Michelson interferometer has a number of application: notaby
among them are: .
Measurement ol wavelength: -

The condition for interference inair (n=1) is

Zteoz B =ma ;
When the observation is made at the center, B, = 0 and hence

M.

Compensator

Beam : M,

ms:/aﬂn\v _ splitter

Figure - A schematic of 3 Michelson interferometer

XH=m'j

——
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e Htton of population inversion, the excited atoms are
required o "wait at the upper energy level il] 4 large number of atoms aecumu-
late at that level, Inother words, it is necessary that the excited state has a longer

In order to establish the cond

lifetime. A metastable state is such a state. Becquse of restrictions imposed by

conservation of angular momentm, an electron excited to a metastable state
cannot retum to the ground state by emitting 1 photon, as it is generally expected
to do. Such a state in which single-photon emission is impossible, has an unusu-
ally long time and is called a metastable state. Atoms excited Lo the meiastable
states remain excited for an appreciable time, which is ofthe order of 1010 107,
Thisis 107 to 10" times the lifetimes of the erdinary energy levels.

Therefore, the metastable state allows accumulation of a large number
of excited atoms at that level. The metastable state population can exceed the
population at a lower level and establish the condition of population inversion
in the lasing medium. It would be impossible to create the state of population
inversion without a metastable state. Metastable state can be readily obtained

| imacrvstal system containing impurity atoms. These levels lie in the forbidden
_,n_u_._.n_ gap of the host crystal, Population inversion readily takes place as the
|lifetimes of these levels are large, and secondly, there is no competition in
filling these levels, as they are localized levels.
" There could be no population inversion und hence no laser action, if
| metastable states do not exist.

When o irrors i i _
n one of the mirrors is translated by distance 1 that can be read! Q4.  Explain stimulated emission, o

3 Very accurate mic i i
¥ Eteurate micrometer and the number of fringes m' passing through f Other Related

center is observed, the wavelength 4 is obtained as

o %
= . Ceemneern 1)
The order m’ is measured to full intege

of 1 is obigi i
fuis obtained by fractional measurement of fringe order. On the other han!

._“_ £ 15 #.H_..._p_p 1 B = uﬂ u. n_m_“
0 . L Ca W_ T dsured, T._m va "_.THH._.—._GH_. _Umr _.Tﬁ WE—._H—...-.—.P— I
5

nvolves the measurem . in lerms
: ' ent of length i e av i
ned out this with the help of etalons - "k s

Q3. Explain metastable siate, i
Ans, Metastahe State: - (201 1

?E:ﬁ::.u,»” ."W__._.H can be excited 1g 4 higher
i nu:.n.u_.u,nc,.r_.“,r m__..is have shon lifetimes 5
o, _.5._, w._ 1075 through Spantaneoys
__EE.___,:E ..,c_.EE_.r.__ a3l the excited gia¢e
zﬁ_._..__.__._n_,r.q _., mping agem .r.E._:_..E:E.,_w. I
i s M,,.hh._ﬁép:r_::u Iransitions g

o IIversion cannp be egyq

level by supplying energy tof
nd release their energy ina matt
emission. It means that atoms 4
10 be stimulated, As g result, &%
tses the aloms 10 the excited &Y

fapidly return 1o (he Jower enett
blished unger such EE::EE_“&

Winsome ublication.in

uestion -
_ o. Define adsorption, spontaneons emission and stimulated emission

of light and explain that why stimulated emission of light is essential for

lasing action? . ﬁ.m:.._m:
Ans.  An atom in the excited state need not “wail™ for spontanecus emission

er. Higher accuracy in the measureme! of photon. Well before the atom can make a spontaneous transition, it may

interact with a photon with energy hv = E.- E . and make a downward transi-
tion. The photon is said to stimulate or induce the excited atom 1o emit a
photon energy by = (E, - E,). The passing photon a._n.nm not disappear and in
addition to it there is a second photon which is emitted by the excited atom
(figure 1), The phenomenon of forced photon emission by an exciied atom due

to the setion of an external agency 15 ealled stimufated enission or induced
emission. The process may be expressed as

At +hy = A4 2hy 3 :
The probability that a stimulated transition occurs is given by
\
:u.._”_. __.i__.u. ni | __.b_
OF APy ) mnet~ BPV) . s )
where B s the constant of proportionality and s r::ﬁ:.,E the Finstein
ﬂon_._m..._r.r__ [ar stimulated cmizsion. 1 is o constan cluracteristic of the aiom
and represents the propertics of the energy stales B and B, B, represents the
[ Visit us for more detail at ; wowwwin nepublicationdn )
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probability for induced transiton from level 2-21. The number of m:.:._a_m_

transitions occurring in the material atany instant will be equal 1o the Produg,

the number ofatoms at the energy level E, and the probability I, forthe sty

lated wransition. Thus, the rate of stimulated emission of photons is Eiven by
R = B, piviN, )

: E. [ _
hv=E.-E, A AN~ -
e VFOWME |

s
= A
w_ § ,___11. Emitted e
= Inciden photons
photon '
‘ VO Wi
Before Afer

ia) |
3 ik

Figure 1 - Stimulated emission (4) emission process (b Material cmigs

photons in 4 coordinated manner

. __: stimulated emission each incident photon Cncounters a previows
__“r. ._"LA:., wﬂ__uE.. and the sE_E_ field of the photon interacts with the electron ;
Uit ol the interaction is a kind of resonance effect, which induced each ald

to emit 3 second photon with the 5 [ i
o et same frequency, direction §
1zaton as the incident photon, .h_ i E_n

Charucteristics of stimulated emission: -

liv I 4 1§ PP _
M@ o W -

St oA _
VW~

hw B

hv

M)

-

7

LT T TS e

MWAD) ppee of
..>>7® VN~

WA oo

75

hw
hwv

75

AN O AV P
Y, PO

.-.'..

3 s St
2 2 "
.—;ﬂﬁ.u...ulv.q:_n.. 5 Mc

dlion 2
Fstimulaeq Photons jng, an avalanche
Photon inducey i this controllable from gyside
Hmul st e ¥ Process propagare : e
me phg Pagites jn the same direction

(i) The Pracess o af stimulageg

(i} The
that of 5 5
)
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identical 1w that of the inducing photon.
and plane of polarisation as that of the

(i) The induced photon has featyres
It has ihe same lrequency, phase
stimulating photon,

(iv) Multiplication of photons - The outstanding feature of this process is the
wultiplication of photons. For one photon interacting with an excited atom.
there are two photons emerging. The two photon travelling in the same diree-
tion interact with two more excited atoms and penerate two more photons and
produce a total of four photons. These four photons in i stimulate four
excited atoms and genernte eight photons, and so on. The number of phatons
butlds up insin walanche like manner, as shown in figure (2).

YWWYWA  AAAAA~

{a) Coherent radiation (h) Component ic) Resultant waveform
wavelorm ofwaves ol 1,2 & 3
Figure 3

{v) Light amplification - All the light waves penerated in the medium are due 1o
one initial wave and all ofthe waves are in phase. Thus. the waves are coherent

and interfere constructively (figure 3), . K
(vi) The net intensity of light will be proportional to the square of the number of

atoms radiating light. Thus,

=N ceneill)
,_,vms_h__.m_z emiited through the process ol stimulated emission is of very
high intensity and we say light is amplified. .
Stimulated cmission of light is essential for lasing action: - N
Stimulated emission is the basis for photon ampli fication and itis the
fundamental mechanism underlving all _.,,_.f: m_.n_E__. In _umﬁ...:..:_.u_,, the stimular-
ing emission triggers a chain reaction in .,_.._..n:.;_n E...__E_‘.n_“_._ from one atom
stimulates another in succession until all the exciled aloms in the system have

returned 1o normaley. In doing so, coherent monochromatic lighe (light of a
me alcy. £

single wavelength) is emitted.

Adsorption: - . —_—
i Suppase an aton Is i the lower energy level E L Ia photon of energy
L i a

e it imparts is encrey 1o the som and
i - sident on teh aton, i £}
v ‘ﬁ..-m._“_u mnei

s L dent photon, As a
i : « <y that the atom absorbed an incident p R
disappears. Then we say 1

resy, T_ I i ] are # alonn u_.__”u___.v n._-n__r..p_r_ﬁ_nan =Tite _”...
i -_..—:r_ o CTITE, the
_—_ n::ﬂ_. 5K -._._._._“._-._ ol ._._r

- h i
The transition is called absorption franse

salso reterred o as i

- d WALt g LY
mza..__.___.-ﬁ._u:ﬂ__. We s r._.._.:ru.z.____r PIRCRESS
A+ hv=A
—ViciTas for more detall at: whwwwinsomepublicationdin )
sit us for Lt —

Vi
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where A is an atom in the lower state and A" is an excited atom,

- %

E. —e E,

M___ hv=E.-E,
2| VWA~
- Incident
photon
I||-|||I|Illm_ .m_
Before After

(a) (b)
Figure - Absorption process {a) Ind
¢ : 5 uced absorpt
(b) Material absorhs photons e
Spontaneous Emission; - |
. When an atom o lower Energy
level, it cannot stay in the excited state for

about 10% & & Ve
. ”Eﬂs: sec, _“__r u“:_.: reverts to the lower energy state by releasing a photon
SOrgy v where hv={E . g}, :
0wn and without any external __.“.q.u_._..._““ s __“.__r_u_uEa: ity sl
A b > BIven to the excited atom (fi
igure u__,_

H u.. _u “u_ ﬂ-.n-
ns 107 n”__ a ”__._”_._._..u_ m“_.__. an ._.u._.nu-_.__ W _._.T_ﬂ_-._._“ any Wﬂnﬁ_— .m.m Iy s 15 n...m-: ﬂ._ 5 n
nuu_ug_.._.w m.—._.._.m.ﬂm._.u—u. ._..“_.....ﬁ may w e -._”.._n.

level _..m exciled to g higher energy
arelatively longer time. [n 4 time of

; process
A A+ py s [
(
==l E. _
= i
= e A
e = |
Mﬁ%.ﬂﬂ%n.. |
Befare After ™
fa)

(h)

Figure - Spuntanegys si
0N process

cmissi 5
(b} Materig) emits pi 1S5100 (a) emiy

ton __mz__nmmz.._u_

Q5. Drawa neatenerpy feyel dia

oher Relsted Questiogs BramofHe-Ne laser, - o1
+ Write shory nut |
Q' Dray, refe o Hedie laser.

(2009, 12, 16)

VANL Enerpy foy,
Q Describe capg. B fevel diagram for e
0. Exp E:xs__._.”.wﬁ_ﬁ:_.“.:h and wWorking o 4 __”.“.,h..._“___q_..n:: laser, ﬁu_ﬂ_“__
Ing the reley 018 He-Ne Jagep 1 Twiaser {2
teng ] _.-.-L._.- il . )
ABS. el o T2V levels Ratenergy Jeye| &_._...,;Ew_h_ﬂ.
{
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It consist n__:aam_&mnrm_ﬁm tube of length about 50 cm and diameter |
em. This tube is filled with 4 misture of about 7 parisof He and | part of Ne at
a low pressure (= 1 mm of mercury). There are pai+llel mirrars at both ends of
the tube, one of them partly trans parent. The spacing of the mirrors is equal to
an integral number of half wavelen gths of the laser light.

Working: -

Electric discharge is produced in the gas by high frequency aliernating
current. Due to collisions with electrons from the discharge, He and Ne atoms
are excited to metastable states of 20.61 and 20.66 e/ respectively. He atoms
transfer their energy to ground state Ne atoms, Thus with the help of He
atoms population inversion is achieved in the Ne atoms.

He, Ne
Metastable ﬁ Métistable
state '
n\ slate
2061 eV Helium ator Collision ; 20,66 &V
632.8 nm
f—— BT eV
Electron : Spontaneous
impact —_—  emission
Radiation less
Gitaiiid | transition
state The Helium-Neon Laser

The laser transition in Ne takes place from the metastable state ot 20,66
eV 1o an excited state at 18.70eV. Aphoton of wavelength 6328 nmor 6328 A
is emitted in this transition. Afler that a spontaneous emission take place from
18.70 eV 1o yield incoherent light. The remaining excitation energy is lost in
collision with the tube walls.

Characteristics: - . . .
(1) He-Ne laser can be operated continuously, 4

{2} it is more directional and more monochromatic.

taser radiation is highly coherent. , .
M“W ._“;uﬂ” ”....__Mﬁ.,._...__mv_q_u._.qni _._u.z..E laser beam is aboul 10,000 times brighter than
ight fr

ordinary light.

Q.6. Write short note on spatinl and temporal coherence. (2015)
Ohher Related Questions - o
'hat is spatial coherrence. -
M ””ﬂ””.___ is .m__E::* ani temparal coherence, (2018)
| g R o LLs
"t v_u“.”._.“"_a .__q.._.. _q__:__:.... detall at : www.winsomepublication.in )
il %
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Spatial coherence refers to the continuity and uniformity of

aw Ayp J

a direction perpendicular to the direction of propagation, If the Phase dify,
dog
not vary with time, then the wave is said to exhibit m”ﬂm:m_ coherence. jt i mj_
known as lateral coherence, Again looKing at the point source § figure), g
SP.and therefore. the fields at points P, and F would have
Thus. an ideal point source exhibits spatial ccherence, as the
by itare likely to have the same phase at points in space, w
from the source. On the other hand.
lesser lateral spatial coherence,

Two points on the source separated by a ’
distance greater than one wavelength will behgye quite S
independently. Therefore, correlation s absent between P K
the phases of the waves emittad by them. The de _
ference fringes produced by a source js dmeasure of'the degree of the mnm._.m_
coherence of its waves, The higher the contryst, the better is the spatial coher,
ence,

Temporal Coherence:-

Temporal coherence is also known a
source of quasi-monochromatic
consider light travelling along ih

b
the same phyg,

Waves produgcy
hich are equidigtay
an extended source is bound 1o mw__j

T _

lateral

-

aree of contrast of the inger

s lengituding) coherence, Let g EL
light S {figure) emit light in a1) directions, [etu
¢lineSP P The phase relationship betweer th
points P and P.depends on the distance 1._ P, and the coherence length of :L.
light beam. The electric fie|ds m_T_m:ﬂ:.,f:_rnno_.:.._&ﬁ_ u:ﬁ__.uwn s?w_:.

single wave train extends over greater ienpth than (he distance P P ; tha jg jf i
distance p P16 less than the coherence lepgh fur Then, the waves are corré.
lated intheir rising and {allin

The poims p.

£and they will preseryve 5 vonstant phase differe et
and P, would nat have any rhase relationship if the longite
dinal distance P p_js greater than f

e SINCE N such g prge many wave Lrains would
span the distance. [y means different independen w
@ any nstan and (hers

. AVETrains would be g P andP:
fore the phase 3 the

each other The degree 10 which a comelation exiss 15 known as the amount of

longnudina) toherence,

0.7, Why continunus fyep

Orther Related ¢ Lestinms -

Q. Draw Eftrpy leyg) diagram reje

vorking,

Q. Writp sl

Foutput cannog e obtained fyy Ruby laser?

vant fuy Ruby laser ang explain i

O dary 14 1y by,
Ans, Ruby kg _ .
asey ?_n._:?:.. Loy e 1
i ’ s <l ) ..:1:_.,.__\_.__..._
criEn MICHINES iy 1y bl o,

One m whig a4y = i T_
4 E..T_n..—._ nh“_r E1 :_..._r. n..-uzn_.q e | .1_ L] .".._.VJ- _ h
. o L ' sl iy
—m...c_- dng __.l.____.._.:__:_._.w__._.?L_.“:.:._ L?_ ..‘.- _
2 (=

el

e
erial, Sofid 6
: o
] ‘.._“_:_Hn_ .__:_u__._._ :.-{.tm._.:__-‘. —L.J..r
= WWWowinsomins

YW m.,_.l.__hﬂ:a__:..____._a

¥ e g

£
ence for any two fixed points in a plane normal to the wave propagation

- il s il When the ash lamy
AEers. T he tepm solid E ir of closely spaced levels at E . When the p
5ers, A solid state s | bandy b 12 and o RIS
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Historically, the ruby laser was fhe first laser. 1t was mvented in 1960 by Theodore
Maiman. U.S.A. The ruby laser rod js i fact a synthetic ruby erystal, Al O,
crystal, doped with chromium jons 41 4 concentration of about 0.05% by weight,
Cr" ions are the actual active centers and have a set of three energy levels

suitable for realizing lasing action whereas aluminum and oxygen atoms are inen.

Flash

. ﬁ.m_E___"_u._.__nq

—i]|
Power supply

Figure (1)

E,
mil»&”,

L
i E
=
Cireen m,..
Blue T Hu“_._n.__ﬂ_n_
I~ Stimulated Hi943A
% eInis _E:
of |

Ciround state
Cigure (2)

Energy (eV})

WO points wonld b independent of Construction: -

The schematic of a ruby laser is shown in Figi 1), Ruby rod is taken in the
e schen i

i a cvlindrical rod ol about 4 cm ?E:EE:; 0.5 E“, HE._E.E,..__H_,.“ .:..ﬂ L.”w_r.,
Hormofa cylindrica lished such that the end faces are exactly paralle Lan :
[are grounded and po _.u :.:_.__E ad’ Oie. face is mmu_,.wn_r..»,. ta un_:n,__. - :x. ‘
5 et gLy m..._.. ..f_f..,:.i to give 0% transmission ...._E L ....._.____.Jr.
o iz ___._...::_... q._..u_d_ fitute the m...zr_.u...?..._:: :r.m::....:: The _n_....,% rod ".,_
{tion. The silvered __._._r_” ..g_.u“.___.“i:_n__..n fTash lamip filled .....____. ..,”,_zuh_q..._”__n._".n_:___:
_.M_:m._. “__._”.__.”_.”___“”__rﬂ“__ﬂ.._..... “““.:___qr,. ..._..:___.,_._.. the L produce Pashes of whie hght,

i __HEE Working: -

level pumping sclieme. Thie encrgy levels of
& e[
Riihy Laser uses i thre

i fewere {20 There are two wide Crerey
I laniice are shownin figore (20 There
e i the crysta

T
detadl at @ wwwowinsomepublication,in |
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I[MEWII|[|:|.

Scanned by CamScanner



B.Se. 1™ Year - _.#.__...m_.._..r I - _n,..__.ﬁ_..__r._. _ﬂ._
iz activated. the xenon discharge generales an _Enzmr. htcst o EEE __h.
lasting for a few milliseconds. The Cr™ jons are nzn:.ﬁ_ to the energy T._Eam_
i _H,_. by the green and blue components of white light. The energy leye|,
these bands have a very small hifetime(= 107 5). Hence the excited Cp+j)
rapidly lose some of the energy to the crystal lattice and undergo non-raf
uve transitions. They quickly drop to the levels E.. The pair of levels at E
metastable states having a lifetime of approximately 1000 times more than|
lifetime of E, level. Therefore. Cr* ions accumulate at E, level. When
than half of the Cr™ ion population accumulates at E, level, the state of pe
lation inversion is established between mu and m_ levels, A chance pht
emitied spontaneously by a Cr'* ien initiates a chain of stimulated emissi
by other Cr™ ions in the metastable state. Red photons of wavelength 694
travelling along the axis of the ruby rod are repeatedly reflected at theg
mirrors and hght amplification takes place, A strong intense beam of red Iy
emerges out of the front-end mirror, _

Note that the green and blue components of light play the role
pumping agents and are responsible for causing population inversion, 1
spontancous photons of & = 6943 A corresponding to red colour, act a.
input of the oscillator which actually gets amplified, The xenon flash last

& tew mulliseconds. However. the faser does not operate throughout (his|
riod. 115 output oceurs in the form of |

It is because the stimulated transitions oceur faster than the rate ; ._&_
population inversion is maintained in th

Iy 1 H _

e crystal, Onee stimulated transit

commence, the metastable state E. gets depopulated very rapidly and af
end of ﬁ?._.g mE__ “.:__uu., the population at E. has fallen blow the thresh
value required for sustained emission of light. As a result the lasing cet
and laser becomes inactjve n

,.. . .:Eamiuz_mﬁ_mﬁmﬁmn_:m:_um population inf
SI0TIE oRCe dgain restored. The Process repeats . |

Winsome _u.ca:nm:om
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B.Sc. 1™ Year - Physics I - Chapter 5 - 6]

J

X | with the help of Fresnel's
(2017)

a_;:nnm

Q).1.  Find the expression for the fringes widih _‘
hiprism experiment.
Other Related Questions -

Q. Obiain an expression for the Iringe width in the

biprism experiment.

(2016}
Ans.  Experimental Arrangement: -

Light from monochromatic source is made to fall on a thin slit mounted
vertically on a rigid optical bench fitted with a scale. The biprism and the
screen (in this case an eye piece) are also mounted vertically. The eye piece can

be moved in the plane perpendicular to the axis of hench using a micrometer
based translation stage.

Broad light source

0

Eye piece

_ ¢/

—. L gty & . & —

Measurement of fringe width: To get X | fringes are first observed in the field
of view of the microscope. The vertical wire of the eyepiece is made to coincide
with one of the fringes and screw of micrometer is moved sideways and num-
ber of fringes is counted.

X = Distance moved / number of fringes passed

Q2. Give theory of Cornu’s spiral and use it to explain diffraction ar a

2015
straight edge. (2015)
uestions - .
W:_mu. “______._”M_H_g expression for the intensity distribution doe to diffraction by
. . :
straight edge and also plotit. . 5 __M__“ ”_... “
Q. Write short note on Cornu's spiral. (2 “_.: a
Q. What is Cornu’s spiral? 2

- s Spiral: - i A ¥ .
s .n.q.“_.__= mwr_umq: illuminated by light gives rise o a eylindrical wave front. Let
PO :

. ¥ : aper i alluminated by
3 it pe sular to the pline ef the paper and illwmin; s
S be a narrow slit perpendicul h
o ]
monachromatic light of wavelength 2 Hgureal. - et ot et
) lindrical wave font Y the shinis the axis of the evlmdneal sur-
. = L & . ; = : ; :
face. T il .u:n_ __.,...‘__“?.. ......:..n fremt at a point I in the plane is the same as that atall
e el o 1 A
e ....”__,_ it us for more defail at: wwwninsomepublication.in ]
it us e

Scanned by CamScanner



B.Se. 1™ Year - Physics | - Chapter m;_

. |

ints along a line passing through the point P and parallel to the lengthof g, %
oints along G : Y i

MM v be the displacement at all points on the wavefront XY at time t sugly thay|

. _ 2n

v=asinmt =asin—

T _

| Let K

MN=A
Y

Figure (a)
According to Huygens principle. every point on the primary wave front ﬂ_
source of secondary disturhanes and the resultant intensity at P can be
tained by combining the effect of a| the secondary wavelets, Let us conside
sthall element ds of the wave frontat M. The distance of .
along the curve is s, For the secondary disturbances f

Inb y
5. - The disturbance at the poi

Tom O to P, e, fol

distance OP = h, the phase difference js

_ y=Ksinn ———

.w. 2nA
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L bl 274 :
._.n.”.ml.l.nTw cos2z| L_P ,_.zmzﬁn__m

T &) Y 1

wiiaiiif)

]

5 “=ds =Rsin ¢

cos——ds=R COSY and ﬂ._.mma MM__E_

7 m:um:ﬁ._:_ﬁ these values in eq. (v), we obtain

t b b

1 i
y=Rsin2n| ——— lcos¢p~Reos2n| L_2 sing

T A T &

3]
=Rsin| 2% LI -

LT % .

Also R =R*sin’ ¢+ R cos” ¢

5 ¥

LodmA |
Mﬂb_a_w +.‘;3me

=K? .M.E._:ﬂ.

the element En.._mj. Fromthe ASmp

et =(a+ _u.”_h +a’=2a(a+b)cost

m“ 3 2
2 7 _ +b)1-— Hw,+ﬁ_ﬂm+~._..__.m
due 1o a small element ds is given by H_Hu._._u_.' e ) 2! ;
: t k] 2
&W.Huﬁmdﬂuﬁ—HﬂIM ds ] _m a 5 2 H.u+m.hh +—u“_m |I.m.__~+ﬁw+n_umu
; : ut = T a’ i
Similarly. the disturbance at P due to a smal| element at M js given by _ !
|
ey 1 1]z Au+TH. S
dy = Ksin 2 ﬂl% ds il nu7_+_“m“_.L._.”|u =b+ 2ah 5
where MP=¢ =+ ‘ |
r t=h+A MP-NpP=A=c-b
dy = K sin2g .H|J|_u.|m ds B _ (a+h) J _h
T % | =h+ >ab 4
nw.n_.n.ﬁ_:_uuﬁ_l.-mulwm ds T_ +_uur...u ......... (vi)
L T ”._ u. : [ & MHT

it | L' | R
T
Y

i i ey i .
1 b S g, TC o e Tirigg 0
Visit e 1y ..m.__un.m...__u_:.._.._._

dy = K .:.__._..._. 1 b _ 2a4

A

and s, we pet |
—— - - " Fy |-|1I-.-.11.-_
Wy ._.i..___.:..::._._._.

X leation.in_~|

| A and s, Substituting the value

= m— . W

p ‘alues ofa, b,
t b ! o’ 11 is a new variable depending on the values o
= § — . . F Pkl 2 cis LE
X |mek :;NL. N ?: Zmd L ] Let el

2

o A froned vilowe abtamn
L
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s=v,| i
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ds = do __-- AN
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) . ImA
S stuang the value of ds ing —— | i i
g He i 75 an the following relation

. e i ira 0 2 u
R =K3 _..nﬂ_m|”|r._m_. + .ﬁmwﬂ_m
1 b _ : A
W 21
- Klahi ﬁ - 3 i u
SISO [ ST i
u_”m+5__.?.., T ._.m_nlulnc
L - ” *
mu ﬂmﬁ _u._v._n +_..___, g
wide X= .TEI.._._.. |
and Y = [sin T
@H ~ ac
COS—— gy = z :
._Tm 3 du = M egg| T + Nsin| 2V
2 2
.—. ____3“
and sin| —_ |y in| 2
U= :
e I ?_:_:,Iulr - Nsip Hﬂwr
_._.n__n u...__M._.H:I..._.. .._Hu.E_u :
I
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_m m._.. _ 14 ir _h
i ; i o Plivsies | - Cha: 0 5. 1.4
For a given value ol s (the exen of 1he wavg p A

Aver
intensity at a point on the screen) the corre. potidine .
from the relation, - .

b coninbutiv - iy o
e ol wis o aflgied

From the value of 1 iius obtained, the vilue- oand ¥ oeorre oondine
to the X and Y coordinates of'a point on the spiral ar - ohtined from “respels
integrals. Cornu’s spiral is useful in understandin: i Fresnel's d /T setion
patterns due (o obstacles such as straight edge. thin wire, thick wir
slit, wide aperture ete placed in the path of light.
Diffraction At a Straight Edge:-

S is a narrow slit illuminated by monochro-
matic light of wavelength &. The length of the slit is
perpendicular to the plane of the paper. AD is a
straight edge and the length of the edge is parallel
length of the slit (figure (b)). XY is the incident
eylindrical wave front. Cornu's spiral helps to ob-
tain qualitatively the intensity distribution ata point
on the screen.

Let us consider the points P, P, and P, in the
illuminated portion and point P, in the geometrical
shadow region of the screen MN. A, O, O, and O,
are the poles of the wave front for the points PP,
P,and P, respectively.

Intensity nt the point P:-
The pole of the wave front is the origin of coordinates. The lower huifof

the wave front is cut off by the obstacle and the intensity at P is due 1o the

_ upper half of the wave front between A and X. This intensity is equal to 1 /4,

where 1_is the intensity due 10 the whole wave [ront figure ().

_ f I= K [X+Y7]
- o :

‘ﬁ..ﬁ.uu..w_..”..hﬁ_:; 4 ‘_‘ g1

- -

THrTW
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Ficure ih)

R

=K, [1+1]=2K

_ =K

_ hﬂ_. _¢ e the m:.u.—_..._._v_._.v__ due 1o the whole wave fromt.,
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| The intensity due o the upper half of the wave front atone is given by
onfi BT A
A._.. i
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Figure (c)
Intensity at the point P : -
Y
1
1 +IM... ._u
R
X " "
0 =L X
TR
M, 2 _
H—-‘q
Figure (d) !

For the point P, O, is the pole of the wave

portion of the wave front betwe bl s

oo O e Tt e e A and O, correspond to the spiral O}
joueta)) ltensity _=__&_mnmmn_m.ua_4cz_m=m_ to the square of the vec!
M 3. Thus, the point P, will be of maximum intensit

Intensity at the pointP ;. w

Y

)

- {1
Figurg (e
» O, is the Pole of

Fur the Petsim

4

the ;
he waye front and let the exp”

W,
Winsomepublicaiion.in
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portion ol :_m. wave front between A ang o) correspond 1o the lengtl
spiral OM, (figuie (e)). The intensity aq p _._,..,_.._:.h?.:_.::,_m _, rr. E_w,: ;o
amplitude vector M1, which is minimum.” #1010 square of the

Phus. when the point shifts away from P, the resultant intensity is pro-

portional E.:E square of the amplitude vecior whose magnitude _.v.m,..unm
through s and minima, When the point M shifis very near J | the differ-
ence in m._:.,.:._ﬂ.:u, .rﬁ_%ﬁn: maxima and minima js very small and :___..f results in
uniform illumination,
Intensity at the point P : -

+
ta]—
.
L]

|
" M
X! - 0
4

.—._..1._
Figure (f) g

For the point P,, O, pole of the wave ::1_. The ___.,_ﬁ..f.n half of :._n-.....u._.__..
front iz cut off by the obstacle and the portion of the wave front between A and
O, is also obstructed corresponding to the fength of the spiral OM (figure (1)),
The intensity at P, is proportional to the square of the amplitude MJ . As the

LY ] = s - » 1 r

point P. shifts more and more into the region of geometrical shadow, the point
M m_.:m«. more and more towards 1. Thus, the magnitude of MJ, gradually
decreases. In other words, the intensity falls oft gradually in the region of the

geometrical shadow.

Q3. Ex plain the canstruction of zone plate. (2013)

Othe ed Ouestions - ) )
0. ... ”.m.__:__ . Q = ___u:..”. Ciive asimple theary and explain how itacisasa
‘hat is aeone - L : - ; ;
Convery ._ﬂ lens ani a8 6 divergent lens il the sume time, Compare pertor-
crgent lens and as i 5
i gk {=Lr11)
mance of 5 ; v late with o lens. . .
0 w .1.?._ m._. _..p_“_,_.c:.:-m. zome plate and explain how it acts asa comy ergent
¥ SreshEey:) v same fime, What do you understand by
lens as a divergent lens at the sinw ] i
1 - 2
= ;
Phaseversal zone plate? s
g adii of the hall pe . :
EAF_ ._r.___:_._._,_ :_u.u___.”_”__._.“_,:q_._.q.._ aumibers (0w hile the srea of the zones are inde-
Mluare rooals o h & (2017
. o Fnes ). : ; i
"wﬁ..-_n—.-”.._._—. oln -.__- ”—...-.-“ H.ﬂ-_‘ : _-.__.r.-.ﬁ_.r_-_ lens ol i i e fomeii, { u:H.‘...;
» Fone plate acts ¥

1 zomes are propoertional to the

il ol ww __.:,_.._".:..___:_,,_.__::..,::..:..m__ Iu

Visit us for more det:
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g s late acts as aconvergent _....En
is Zone plate? Explain that zone p
Q. Whatis Zonep

(201
multiple focii.

Ans. Zoneplate:-

. strue - _,:.PE:mr:_.,
\ zone plate is a specially constructed screen such ght is o

.- verv alternate zone. It can be designed so as to cut off light ¢,
stmuctad mom evany allemaic £

h imberad zones or that due to the odd numbered zones. Ty
0o e even TRIOmOSied L Lo A

correctness of Fresnel's method in dividing a wavefront into half period zopg
(MRS anailnd 2010
can be verified with its help.

Figure 1 - Zone Plate
To construct 2 2one plate, concentric circles are drawn on white

paper su
hat the radil are proportional 1o the square roots of the natural numbers, The oé
mumbered zones (Le. 1% 3%, 5, ete) are covered with black ink and a redwe
Pooograph i taken. The drawing appears as shown in figure 1. The negative?
e photograph will be as shown in figure 1. In the developed negative, the of

Z0nss are transparent 0 incient light and the even zones will cut off light.

If such a plate 1s held perpendicular 1o an incident beam of light and!
sreen 15 moved on the other side 1o get the image, it will be observed
maximem brightness is possible at some position of the screen say bem from¥
zone plate ( figure 2) X0 is the upper half of the incident plane wavefront, P st
pomt &1 which the light intensity is to be considered, The distance ofthe ﬁumgm
from the wavefront is b. OM TC.D.{_LMEﬂcﬁn&nau: n_.EaN.u:nm,

=~bh.  and o _ J2bi

where . is the wavelenpth of light,
L =+nbi o ru.q_+ i
_ ) NS () |
H}Ea_.u” ﬁnwch.ﬂ.c.w s ata large distance from the one plate, 3 bri ght spot will®
be ke o 1S the distance of the source je large, the incident wavefront @
1 85 8 plane one 4 ith TEspect i the sy
numbered

e Cut off the liphy 5 ST ;
ey it nd hence reg

IWarea of the zone plate. The “
€18, In this case phe fiscal lengih

uhant amplityde ay p = A = m,*"
of the zone plate f is given by

Y —

Thus, 3700, Plate g difleren (e

Visit uy for mure (i [

all g1+ oe——me |

_" __..r... I+ ____._r.._.q = h__._._.
for different wavelengths. The radius of
the n® zone increases with increasing )

sics | - Chapier § - 69

value of 2. Itis very interesting 1o note
(hat as the even numbered zones are
opaque. the intensity at P is much greater |
than than when the whole wavefront is :
exposed to the point P. o
In the first case the resultant amplitude is
iven by .
, A=m+m+m+. ..0m... («nisodd) .
& wavefront is uno ded, the amplitude is given by -
When the whole wavefront is unobstructed, the amp
A=m -m, Fm =M. T

' et e g e i

_ ™M (ifn is very large and n is odd)

. 2 i t
If E.wzn_ beam of white light is incident on the zone plate, differen
ap L

i v tha i ' Thus, the function
l me to focus at different points along the line .o_.._ “,F ke
i late is similar to that of a convex lens E._n. g _E_..E gl S
“ﬁ.m e m,w_,,n bject and image points can be obtained for 4
istance of the objec

Hu_ —..' i iV H ni: =
—m‘. _-H- ian —.—H : 5 3 _. , “._
Hl.ﬂ_ﬂ uﬂ 1 ._-N.Huhmmﬂ:_ _.m_m sec on Au_ _n_“_n. Zone ﬂ are _uﬁH“—ﬂ _nm cular o _T.

3 Pis the position of the screen for
plane of the .Eumw m isa _u._.ui M:M”M m___“_._.m_”__,,... from the zong _U_E_.w m_a, anwm _MH
abright image. ‘a’ isthe EHw: ate. OM., OM, Gi (s Fes ﬂ..."_ E__“, Mﬁﬂ ki
distance of the screen from H.mh_ zones, The position of the unqmﬂ.m_.. : 4
MI_E 1, 2%, m”u ﬂ_ﬂm ””w“_””n_.n is an increasing path differnce -

om ane Zone 1o
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.
SM, +M,P=a+b+— and so on, : _

Fromthe ASM,0 _

SM = (SO +OMI) = (a%+17)

Similarly fromthe AOM,P

M.P= (0P 55",___._”. =(b%+ 1 m

Substitwing the values of SM, and M, P in equation (iii), we get |

g osaabt o ek 7
_“..__.i,.u“i,__”_.J,_‘_...Tum+_u_+.~.h .
M |
1 !
SRRt A 4
all+-L | 4pj1+ | o -
g ; e a+h 3 _
ﬂu ._.u 1 _
R .
2a 2h 2 _
AT & 11
2a%)72 = #[ )2 -
Similarly forr_i.e. the radius of
..:_“.,. forr i.e. the radius of the o zone, the relation can pe wrilten as _
ald ¥ . |
: =|=nk
Applying the sign convention, k _
11 mx 1 |
ba ¢ .d,.. s V) |
== Fr= .ﬂ'
e,

s VI )
u._.___.ri_uu:._E_.E_._.nEEmca __\M|Iﬁ s __W . _
__.._.._.. Object ang image distance m._zh_L u f ) Inthe case oflenses with a and b
Converging lens A ' the focal Jangy) __
&0 Ane plage has a py, E. Thus 4 zope fate acts 8
- B3 Used gy well g g i E?..ﬁ of fae which dg end _.H - number®

Beq i) "eth of ligh employed Gl
i . |
ﬂ__ ks ...__:

This relyg;
dliny shi
WA thiay ¢
IE riaef

1
Tod zones are proport ot

atfon.in

8¢, 114 v
X 4 o m-
o the square rool of natural nymher

The area of the n* zope s given by

hiysics | - Chapter 5 - 7)

(- on{P ot
u-v u-y [Ty

i :.Q_H,. M.“__mnw:“%“w:ﬁ_“q_:”_ ﬂrwﬂ@ for a m._ ven Hw_"_._._r.ﬂ and image, the arcas
. } : r, the area diminishes as v or y decreases
ie.. 4 the w_.‘,:n is _n_._ﬁa_ﬁ:m; by the object or the image. The numerical
magnitudes of the displacements d.d,d. ... at]due to wavelets from the
various zones diminish only slightly with the order of the zone. Hence the
resultant displacement at |

D=d-d+d+d+d..
Difference between azone plate and a convex lens: -

Fora given wavelengih of light, a convex fens has only one focal length given by

1 | !
= =l) R R

where fis the focal length of the lens, H is the refractive index of the
material of the lens and R, and R, are the radii ol curvature. In a convex lens. the
violet rays of light come to focus nearer the lens than the red rays _.uﬁ light
because for a given material the refractive index for violet ravs of light is more
than for red rays of light. .

In the case of a zone plate, there are a number of foci between :._n _“E,mﬂ
Oand P (figure {3)). Each focus corresponds to the position where, with refer-
ence to P an add number of half period elements can be E:&EEE on ﬂ__nr
zone. As the screen is moved nearer the zone plate, the area of the half period
elements decreases and more half period clements __...m: —.._m. present on each
zone, i P is the position on the image ___,._.._.._H._ 2 -1y hall _.._.n:,.x_ .p.._w_._._n_.:m can be
Present n.ﬂ each zone, f the focal length of the zone plate 15 given by

h Vi)

(2m-1)nk

[ — +.. thedi . -
nm._:_.“.r o ._.M.u_:...n_n__f._: r is the rdius of the n%zone of the wavedront, 3,
n be obtained. In eq. (vith T, mber of odd hall period elements

is the nu
is the .ngth of light and (2m-1}1 the numb . :
Trh““ f”m<n_r=_.m__“ﬁﬂ_”v"””.ﬂ example, i the position ol the screen is such that
sent on each zone. :

iy b oint P three hall period elements can be constructed on
‘ith reference 1o the ; !

each zone. then the focal length of the zone plate £ is given b
e, Hhe :

m

i =

fferent positions ol the screen for a bright image

Snk enth of the 7one plite, the bagliness of the nipe

With the decrease in the fiwcal __ ,
Visit us Jur mure 4¢

pail ot : wwwawinsemepublication.in ]
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s Let the first zone contain only ong period p.__,.:___n_:__ I __.E.P #___M%_:u____.awm_"_
m_ﬁﬂpﬂz eism, ._Ez first 7one contains three half period elements fora ?,Eﬁr.m__
ot zongism . : : : o
E___., ition of the screen, then the amplitude at P due w the first zone

m 7y _=_.. n;, m, m,

E ] —_11. +
= ._.n.__ In._.r“ +m; St H ._._.n.. N N H

-

m, +m, » G e nlate
But, ——— islessthanm , because m > m,. Further, in a zone Eu_r:.ﬂ.:r.

same :ﬁrz?: of odd half period elements contained in each N.u.:nu_ the _aﬁ_

length for violet light is more than for red light, which is reverse in the caseql

a convex lens.

Comparison between a zone plate and a convex lens: -

1. Both the zone plate and convex lens forma real image of the object and iy
equations connecting the conjugate distances are similar. !

2. The focal lengths of both depend on the wavelength, 3. and hence m:n__._
from chromatic aberration, The chromatic aberration in a zone plate i
much more severe than in a convex lens, _

3. A zone plate acts simultaneously as g convex lens and as a cancave len!
In addition 1o a real image, 4 virtual image is also formed simultaneously

The convex lens forms on v areal image _

In case of zone plate the image is formed by the diffraction ﬁrmzc_._..n_..a"

In case of convex lens the image is formed due to refraction of light,

5. The zone plate has got multiple foci on ejther side of the plate. Henge, i
intensity of the image will be much less, |

6. Convex lens hag only one focus, As al] the i
the intensity of the Image will be maore,

- Inazone plate, waves reaching the image point throy

. gh any two ::naj
zones differ in path by 7 and in phase by 2 .

In case of 3 convex lens all the rays reachine
Path or phase difference )
A 2one plate ¢

ght is focused at one _u__u_ﬁ

|

the image point have 27

et ."5_ be used over a wide range of wavelengths from mic?”
0 X-rays. Glass leps cannot be yseq beyond the visible region
4. fi . i |
Define Frespe| s Half perigg zones. Why zones are called Half' _uml_w.
Diher q...._-.._.u_..un_ uestions - AM_.-_ i
Write shory ot
Fresne) Hay. P
Ci Ik

A, o0 Fresnels iy

alf ; L
eriod Zones. Period zones, (2

ang T 0. |

Chromagic light of waye) ».___wm Hm_ Which TePresents a plane wavelront ﬂﬁaa_.._ﬂ_
Huypen' “hgth b . ing ¥
*SHLE Pringipg ; fom lefi 1 right, According’)
*econdary ya, e ¥ It on the waye front js Emmamﬂ as the EEH.H__..__
* EIVED instany Every one of hese secondary wat’

Sider apl

detai] 57 ; -
at; WWW.winsome vublication.in

V- Chaprer 5. 73
at O due ) the whole
hance reaching from
= Huygen's Fresnel theory,
the entire w;

- B.Sc. 114 yeqr . Physics
lets passes through the paint 0, The resyliy elfeci
wavefront witl be equal to the tota) efjeey ofall the distyr
different portions of the wave froni, This ;. know
To find the resultant effect we divide

u___n..._u ol nlo _Hﬂ_u._.nﬂu._nH.nn
H_.:_.._.r_r: G

; the point P. This point is the
lar on ABCD at the
From O drop a perpendicu

5 . f the wave
[ and is called the pole o
foot of the perpendicular [rom O on L_...H_u”_"_”.u 7. be the wavelength of light waves.
MR O Lt OF b E,E_.___ﬁﬂm I m sphere, cutting the wavefront in a
. q+ A2 dr " -
With O as centre and radius (a
circle at ?__. then 49
or OM,-0OP=ars : .
s na:mmn_,. wavelets originating _.ﬂ___ﬂ M MH”..__ Mﬂwﬁﬁ”
This simply means that the w_n:rn circle M, on reaching O, wi se by
points on the circumference
NH|=_HD?___ .._D_,_“.un . o T/2. Hence the area enclosed
5 ivalent 1o phase _,_,:Eﬂ“:t. _.:Hn s
5 H 1 iy % i & .
il ...mn::.. g lled Fresnel's first half-pe - 24/2) (a+3h/2)
by the circle M, isca — of radii (a+24/2
her

m“__....___u.ﬂ_.u_. we can draw ol

he wavefront in circles M, M. This
Fi s half - period zones.
erof Fresnel v.____,_ ____.__ ?:.””“Mrgz.
is a circle, while the secc -
construction divides the alf- period Zone is a r_:.__r .___.h_“_J
3 st s and M, and 50 on.
: i the firs ~an M. and M, A
._._. —._.-.m.u__ g :Cmﬂﬁ_ __.wm -—ur__m.n _.m-m _.....r.._”.____. _.......w_..__ﬁ_ M._.._.___ﬂ..ﬁ. hecanse the waves ﬂ_..-r.r._._-u._.T O
Period zone is an “.__.E.___.ﬂ gs half- peri€ 5 or 12, Similarly the waves reaching
These are 3

‘ hich will intersect !
(a AL 2) whist Y +ont into anumb

s wavelrt

5 ....—uf.uﬂn._ﬂ._u. ™ A2
ifler in phise 2 c ror T/20rAd=. g
from I and M, difler u_t_m:m..- in phase ”.” clets from sucEessive hali= period
1w :

O from M1 and M2 als0

i
o helweed : o pommenclatire as HPz's,
: cp difference ?. This justifics their It Dlication.in
Chug the phat half: criod Tat s wwwon insomepul

i . jan dr M TELE o=

zones is 70 radian ore de

Visitus for!
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1re g . ¥ L LR ' "
atre of shadow of 8 apaque cireulnr dise i il [ penter ol the peometr

W shaig will i |

. . ; . Wil ay U dise: wisre she .
QS Eaplain why theee (2014 _“ﬂ diffraction patterm congisty of  centeal biggy e __::__L__._. ?.._“_: __,F
v i " i { & g J il f] [ Wog rIie

Othr el __._:|....:_._. .q bright and dark vings, as showy i, figure (h). walier
iber Related Cuestions - . N
m_.zﬁ_r_i_:_ﬂ. m_ﬂ,.,.__w_ Favcentral bright spot (of Teehle _._z._...._:__”_:_::;___._._..__. )

N e illen: —— —.—H._.—.m % _
tion pattern of an opague circular dise, EEH. I.I:I.ITI_
L) Prove that there is always a hright spot at the centre :—...,_:..._*.sg. | | N

m.. e (200 Q.1 The diameter of the firg ring of 2 zone Plateds 1o, 17 the plane waves
cirenlar dise,

Qo Discuss Fresnel's diffraction at a small opague dise :..::.:::i; ;um_:::_: _...___.w: the _._n_:..____::_ o
monochromatic light, Explain why the shadow of the dise is bright? Wiy is focused 1o a __:m_._..: ...._“_;q”. T § 4 101 | _:rﬁ___._
i ise s i . I Sol." Givenr Se 0 e, - Thie plane
happens il the siee of the dise s ir creased? (20, Sol.” Givenr, = (0.5 mm _. i _.:._ e RS o, m e ._._ ¥
\ns. Dilfeaction Al An Opague Cirenlar Dises - | wave finlling on the plate will be focused 1o 4 brightest spot at the first focus o

N IS pormt sournee ol monochromatic light. CD is an opaque disegy he plate. ’ . o

; ; : § o Lthe Tiest Mo s zone plate s piven by
MN 15 1he sereen Pisa Point on the sereen such that SAP is perpendiculury Mo, the first Bocal ol the » e plate s

reshould the sereen e placed so thal light

U sereen, The sereen is perpendicular 1o the plane of the paper. XY s il ey o (0L05x0.05) 5
mendent spherical wave front, 132 18 the peometrical st fow. With referencey Fa—lurt F= e
the point I, thy Wave [y !

nL A 410"

Hence, the sereen should be placed at a distance of

onkcan be divided into hylr Pertod zones taking

s the pole CFRe b 1 one 1y
surthce of thye dise, the

cenire of the dise (A) g

50 em from the plate,
structed on ()

M period zone can be co
test of the vones are exposed to

5 Approximately, where m, isi

_ . | J
X
| ﬁlm:;_h_,ﬁa preparing with WINSOME SERIES

potnt P and the m,

resubtant amplitude gy p =

M

| get excellent marks in exam
_ . . )
g p Geometric O_u——. ﬂcc—_om.ﬁ_oz
shadow
RIES
| WINSOME SE
¥ iy TE UNIVERSITY
N “haen | | for ALLAHABAD STA
¥ . _ m
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FOnstucted on the syrface of the i Allaha bad University )

a . For it
Thus, 1 P 15 1be €Xposed zones wij| he s and 50 __.:_ i
e r | N
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5. with g | e

q T
5 wWill e Cut off | arge diameter of the _““.L
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—
Q.. What will be the effect on the fringe pattern on Young’s do uble,
experiment if the slit widths are increased. )

Ans. The fringe width B is given by p = AD/d, where d is the separation of
slits. As the separation is increased. the fringe width decrease.

Q2. Describe the modified Rayleigh’s criterion for resolution. (2009,
Ans. Ravleigh's Criterion: - .

When 2 beam of light from a point object passes through the objecs
of a telescope, the lens acts like a circular aperture and produces a diffracy
pattern instead of a point image. This diffraction pattern is a bright disc s
roundad by alternate dark and bright rings figure _..:,. _

(2) The image of a
. Point source of monge ic li
lens of diameter D, js a diffraction uﬂ-mqﬂ_.aauﬂa S

{b) The intensity i
¥ pattern is a maximum at th
. € center of the Ajry dis
Figure 1 .

i If there are two na: _ _
Okher, then two diffraction _EHWMM are _“,sm _H_H el sl .,._“__u
- Produced, which ma !

¥ overlap 0N

._.W_ﬂ and | & [

(a) " (b . u
) (c)

,_,c_u_u. En:«m

wmw_&m_._ S “W_z the Measire of the ppg .uw_.

cach ERested that the g - solving
Ernw:_.pw_u: WO images of P

It is known as Alry’s dise,

the first dary *Olhe words, when

the centr: jaht i
E_Fﬁ the niral brig

W0 images are said 10 %)

I
.f-:m:gﬂ.ml—hl-u.—_ﬂtnm.%_

. B.Se. 1™ Yeur
resolved (figure (2b)). This is equivalent 1p

hetween the centers of the patterns shall
disc. This is called the Rayleigh criteria
Rayleigh's limit of resolution.

- Physics | - Chapter 6 - 77
the condition tha the distance
be equal 1o the radius of the central
n for resolution and is also known as

Q3. Write oxp ression for intensity distribution in Fraunhoffer diffraction
of light mm N slits. Explain the principal maxima and find the number of second-
ary maxima between two successive primary maxima. (2015)
Other Related Questions -
Q. Write expression only for intensity due to N parallel slits and prove
also that intensity of principal maxima of a planc transmision grating is
proportional to N (2016)
Q.  Using expression for intensity distribution function for Fraunhoffer
diffraction at a single slit, obtain an expression for intensity distribution
function for diffraction at a periodic array of N slits. What are principal
maxima? Show that there are N-1 zeros of intensity between two successive
principal maxima.
Ans. Fraunhoffer Diffraction At N Slits:- gk :
‘raunhoifer diffraction at two slits consists of diffraction maxima and

5 o i ] :

sin” @ and the sharp interference maxima and minima, in ¢ach
- :

o

minima given by

i i imum govemed by eos’p term. iffracti
n._ﬁmﬁnﬂwﬂ_ﬂ_—wﬂn an nxm_u.ﬂmm_.ca for the intensity distribution due to diffraction

at N slits, the expression for dy has to be integrated for N slits.

|

—_————t—

For a single slit, &umHanmn A
t r zsinf beequd
H L ——
Let sin2n T % y

For W sliis

t 1 Hmm_._m?m

It diz) (Le. function of 2).

a
it [W-ide
a2 2 2

RN dlz)hdz
.&..HF &nﬂu_nn.‘. .t._&.ﬂmh__&n.fr_u_."e__h“__._. __,.._.__..‘.H .

1al g i | &

-t

On simplification t r aﬁmu Fsin 2m
L It +m__=mLI|1+lw -
sindm| =75 T & .
) 1 . i r (M- ;..?_i..g
.-‘Umﬁhl.|.|. ﬁ ﬂ .u.._mu._._mw;. .L..:.:.-.r...._mn _I M _. ....

winson yublication.in
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masintl e ceneral tizonometric summation

Here @ = ————
,..
Yo n#l
L[ nm) L
- mz:.,.;+ 5 H..Eﬁ )
¥ sin(x + pml = .
e o Bl
i sin| —
2
t ). 2ndsin® ndsin )
ere X=1n| —=— im = Hm.]llHM
Here T M__ : Y f
adsinf
where f=———and p=(n.13
5
roi B ﬁ;.-. N >
Ka| 22 {| s x+ﬁl|. m__qla sin M:lH ‘
M | 2 2 _
Y= 5 : =
sin| E;
12

R Emc___m_.:z_wu_ ; ,
] ] in2z) X _ 1 (N~1)dsing
\ | m:._—.u._ h:_.!.__.n ..—plrw.”.+|-|-m||-|-|

The intensity at 5 point P ig given hy

1=k E:.J: |[ sin® Np
v a | wmﬂu_.m

EEEE:HEEEE.. when ¢ = gang g Is 1, = K22
i * ] = lm

Fr_\ir.am__”n Tauzm
L )l sin®p

The EXpressing m_mu,.m TEpresentg

= the diffractiny Pattern due 1o a sing

u._.-n ”_ e W&&_H_H-Dm_ m._”_._.: ._| T ey _n:_.—uhm 5 H—”_.l :-.ﬁ—“_.ﬂ_ﬂh-ﬂﬂ .ﬂ.:
Sin ﬁw

..bm_h..l_u_u__.r_......_:___:..r. ;s

B.Se, jpe Year -
| . | LUF - Physicy 7 - Chapter 6 - 79
gince the quotient — s Eh.___r.__c:z_._.::ﬁ Nfi = ]
0 2 NJY ki gives the condtion for minimum
intensity for all values of = :
intensity es ofk other thap k=0 N.2N, 3N el

The directions of pr incipal Mixima, Correspond 1o the yalye Of k=0, N, 2N e1e
B T 4

Nrdsin ) ;
Z-ﬂ = ) or .“..L.H = E
A C A
For directions of principal maxima, k=0, IN, 2N, 3N, ele=nN
When n=1,2 3etc, naN = E

A

dsin@=nk (n=1213 . . .et)
[fthe width of the slit is a and the width of the opaque spacing is b,d = (a + bj

and (a+b)sin0 =ni

Putting n= 1,2, 3 ete, the directions of principal maxima 6,.0,.0, ......ctc can be
determined. For values of k in betw een 0 and N __H.E.wnu N and 2N, elc., there
are (N-1) secondary minima and (N-2) secondary maxima.
Intensity of Principal Maxima: - o

__“, adi qah.ﬂ__: grating there are about 60(N) narrow slits in one cm. For
values of B=kx and B=0, =. 27, 3a el

sinNpg_ 0
sinfi 0

Which is indeterminate. nominator are
To find the value of this limit, the numerator and the de

differentiated. Th us, we get

Lt WH%H _.lh m.“-.wl-l..lnlh__Ww__ ...._G.w_..“
Powe sinf 2 (sinfl) -
% N and resultant intensity is

in |
=N, mzl..l__

: alled Principal IEATLIEN

' i s anel ane ¢
:.__uzr. ML are intense and S
A o (2
\ resolving power ol pris 5
4 Write { pote 0n - -
5 rite short s - qroeraphic devices (us
g Jrrisne: Ui
ny Resolving Power afal d_._.,._,q applied w0 the ,_ﬁ”.:x..._ phdevicer
s ) . .,
The term :.J.:_..‘._:w_.m_,._w e aility of the i rupes b o
ling or a prisim) siEn UL iy o ey 0
.u _ 4 - Fl|1|]|.| e —
Visit s for murt

Em  pr

—
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: il ; A4 L Chapter 6. g
rate spectral images of two neighboring wavelengths, Aand A +d & iy the sih— u__m_.:.m__u
“SR T a3 = cornel W)
wavelength region A. o ;
e Here :ﬁ:.“_ & 2«.%3:&2 Of Wavelength of Jjghy ;
i pifferentiating eq.(iv) with Fespectto ) we gel k-
I A4d
—C0s) —— M_WH...LE mm._._.m
2 2 Jd &l eie W)
Substituting the values of 43 from equation (i) and (iii), we obuain
: Ifa)_dé duft
: P— v 2\ 1) dn dnlw
In Fig.. S is a source of light, L, isa collimating lens and L. is the tele- dé - dp
scope objective. As two wavelengths Aand ) =4 + 2 are very m_cmn if the u,m-u.r. = n_m,l ’ siien{Vi]
A 7 .

PRSM IS sel i minimum deviation position would hold good for both the wave- o {i
lengths. The final image | comesponds to the principal maximum for the waye | Substituting the value of dg R s

length 7, and |, corresponds to the principal maximy

41, 2041, 3re formed N um for the wavelength )+ i dy i
~1and i are formed at the foca) . i —_—= ] —
of the prism lmits the incideng by~ L 1e1€SC0pe objcctive L. The fae d dn
th .mL ,.._. ah s z_ﬂ Rac e rectangular section of width g Hence
< He kavieigh criterion can be applied in the case ofg . ; 3 ) ; « :
rec i i ing of the prism. It is
In the case of diffraction alarectangular aperture ””.__u.m:?_.”q%% n:w “.nﬁ___ The expression g eI RORE ’
comrespond to the first m the i : et ; = smallest difference in
Timum ofthe image [, for “avelength &, provided. | defined as the ratio of the wavelength . to the smallest diffe .
3 ! e d a neighbouring line such that the (wo
adB=i or gk . “avelength g3, between this line an et
Here 5 | 5 ) lines appear just resolved, according to Rayleigh s ¢ .
: e jr .mﬁ the angle minimum deviagjon for Wavelength J, du {viin
rom the Fig ) . TR .. - S i
o CrAta+§=p S0, resolving power ofa prism = Y :
ot o] : ; ; irectly proportional to the
() (A i power (1] is directly proportic :
i a1 [ A+ _ It tneans that the resolving P e of change of refractive index with
B2 'ength of the base of the prism and oy
’ A(BY (A8 f¥Spect to wavelength for that particular
Sl u,..____ .q _J_ mﬁﬁ:wﬁa%} +§ (2016, 18)
o d Q5. Weite short note on Nicol Prismt.
o i 4 .. § R 3 2019)
PAERET e A28)_a Qe Reluted Questions: ey e wsed s polriser.
ST i " What is a Nicol prism: < Fridie
! -l ; o double refracting
Al A1 w Ak, Nical Prism:- : larizing device f ww_nzﬂﬁﬂﬁ.””“.ﬁ.q_m“h: mexde from
S, s i 5] Micol prismisa ﬂE_ﬁ_ sheetinits ___..__,“_._. .,._ il s}
2 il “T¥Stal. It is similar toa po designed it in =_p m_.z_f jeavage from the original

i e licol :
Calgjie crystal, William Wico _.mz_.;u_n.E._._m il they make an angle of
e g

s itis
out threg (imes as long 351 This piece ix then cut into 1o
jges.

b
Ur¥stal. The ends of the thombe! dinal e rincipal axis ad 1o the new end
Lu_ LS

. I o nu g e
figo instead of 7 Jt .__..__._u._._ the | ._.._m_._._ I e ._ur.wr__ are then ....J..__—n._.-_r.r_ wegether
'

ndicular “1he T Ldu
H_N“mm : _.___an mnm.ﬁmw:ﬂ”q::...m __.._u_ o ..E...Em%:u:
ces AR an : detall @
VIS s for more

thick.

—Winsgmg ublication.in

Scanned by CamScanner



R.S¢ 11 Year - Phvsies | - E:::E 6.1
with canada halsam, whose refractive index lies H,.FHE.....E_ the refiaciye _E__EM
of calcite for the o-rav and e-ray. j, = 166, p = 1486 and _:,.."___..__._3_»_3 =58 The
position of the optic avis s as shown in figure .,..ﬁ. The refractive m_:n_m..... ﬁn_?“.
ray depends upon the direction in which e-ray is propagating in the n?wE.
The difference between the refractive index between o-ray and tlg for m.a_
goes on increasing with the angle between the two rays in the Crystal, E:m._,“
this angle 18907, the difference is 3 maximum, Thus, for a fixed value for the
U has its maximum or minimum value in perpendicular direction, In the m__u_a__d
K, = 1486 represents the minimum value,

M
A
i

i
a
L]
n
L
"
i ]
X .
U ' B —umﬁ.—__.... _”H-.v N

‘fpo ._.._._u_.hun_ .___.__._._. i

P R, ENTIS Made 1
a0l of about 157, Thg after onthe crystal as shown in fig. (a)atan
= 3PS UD 010 -y g o, en. T 6 UD€ CEYStal Suffers double refvactiad
Hons are a5 shown in m_.__u Fi =y ._.._,_m WO rays with their directions of vibr
B oF incidence th m,_“E. The valyeg of the refractive indices and the
dnsmineg v, hile the g, .q. ‘,.n_._a__.r_, balsam layer are such that the e-ray i
Slackenied gy ghor o 418 interngf]y reflected, The face wi he o-ray &

Polarized .oy ¥ IS complenely g Lo he

0 i d. Then we get only the pla

+ . the Nicol works as polarizer.

Analyser A

o m—E_wm:m e oglivs :_.u_. I Yeur Physicy | .

= Cc . ! Propertjes ol franier.
Nicols are used- one as g Polarizer he Tanspareyy SUBSances,

When two Nicol prigmg Birida Ie _:___u_.__. B an 4l £es, two
gown in Fig. (b, ¢}, one of i Em:, EﬁE adacent 1y g, other g4
amalyser. If unpolarized ray of light js ;E.ﬁ_._"__mhe__n:uﬁ Ea the other acty g5 g
qummnn e-ray emerges from p with jts _.._.__UE___.E“____M.E_.. ?E._.ﬂ:.JE P a ._L.__.._E;w.
section of P. The state of the polrization i __.E_E _.,1,5._._ n the principal
estaitined with ahother solarizer, v E.EM,D :m.,qt..._.am&ﬁ._sﬂ polarizer Pean
Letnow this ray be incident on the second Nico E.m:ﬁrﬂ__._ - w”_:&.,.,_z analyser.
s parallel to that to P. The vibration direction of fhe _&,. ,_,;.wﬂ_.ﬂz_ﬂmﬁ__._«”“_:ﬂ
section of A Ei :m:ﬁ.., It is transmitted unhingered through the Eaﬁh.# "

If the Nicol prism A is gradually rotaed. the intensity of the e-ray de-
redses In accordance with Malus law. When its principal section becomes
rerpendicular to that of the Nicol prism P (Fig. ¢), the vibrations of the ray,
emerging from P and incident onA, will be perpendicular 1o the principal section
_.J__...,r In this position the ray behaves as o-ra y inside the prism A and is totally
memally reflected by the canada balsam layer. Hence no i cht is transmitted by
the prism A In this configuration, the two Nicol prisms P and A are said to be
erossed, If the Nicol prism A is further rotated through another 907 | the inten-
Sty of light emerging from A will go on increasing. The intensity _,:”z ?.,nc.an a
MAXImum when its principal section is again parallel 1o that ol the prism P. Thus,
e prism P produices linearly polarised light while the prism A detects il. Hence
e prism P is called a polarizer and the prism A an analyser

f ._wwhu.?:.ﬂ fi = u_“.._“

0, Find the missing order in double slit diffraction pattern.

..,...5 ri

& o

: to twa slits il

& Find the missing orders e e 1010

“ach slits js of width *a’ and are separated _u_, = a_.”? E.—._.E tion parttern if

D Fing the missing orders for a doublestit Franhoffer e ?:Et

N__E it Widths are 24" and they are .ﬂ n.a.._”_h.”.___.m__ ﬁ“u::ﬂq nz_?_n::nu_.q the
5 Find the absent orders in dov

i ick  slit.
17 s wide as is the thickness ofany s
EE:E.. region hetween two slits is palfas wid s
Lle

b slitand b

ction partern due

s diffraction pattern: -
u.i. ?:....u___n ordersin 8 4/ o * the distance between them

The Let *a” be the width E.n.__._.r. are given by
; ..&:..n_“_a: s of interference maximd 1]
(a+ b)sin 0= nA given by the relation

i1
and b are such that ?._:_ the
srfereme
. i o Ceranm e
2 are intege - the .
"Yatig, I p L.:_- d M_H e same value OF 01 10 epectrumarde
M.y pimn Ay e
a.;f: I ,_.::._._F___...:zl_l.l...qllu. Tjiso _E._._th_.:_.r. ._
Wt wil| gyerlap the i s____.,__..u__llllllll 1
7;;?]|.|..4.u.. detall At 2o
—_Visit uy for more 127

The 4; e I
—._n .q___.mﬁ..:._...:._w af dilTraction ::..._:._

asin {} = ph If the valie ol a
. e of 0
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will be missing
Dividing (1) by (1), we gel

a+b n

= |

a

P “sorn=12p
p=1.2.3. etc.thenn=2.4, 6 etc.

. This means that the 2,4,6 ete, orders ofinterference maxima will be migs.
g n the diflraction pattern, There will be three interference maximg in the
central diffraction maximum, "

Ifb=2a. then

a+la n !
3 p O n=73p
Wp=12 3....dhenn =369,
This means tha It ; i
. g Hﬁ. K 5 N LI
in the diffraction Pattery. e Dw_:.,_m,_..__vnqmznﬁ ki
On banh sig esofthe ¢ _

Mim s 2 and _._ﬂ_.__Un_ _.._._nﬂn _.._______u.”_“m__..ﬂ.— Hsm.ﬁm_.._.-ﬂa,, the _._E._.-._—uﬂ.H ﬂ—.mb._“.mz.lm_-ﬁ.:_uﬂ ._sn_ﬂ.._.
. : ve _=__.d_..mnq" i f ) !
Uon maximym The posie; Nce maxima in the central diffrsc
1 HIR Position of th e ;

te first diffraction Mininym ¢ third interference maximum corresponds¥

ITh =1, the py; lits 0
&nd the difj 1 S41S Join and g)) the i nterferepce maxima will be missid

HACUON pattern yj)
be same a5 dye 10 a single slit of width 2a-

-
T

Diffe

yos. The Difference Between prigy, 4. Chitespcs. I Chapter . g5

" The following are the poitits of dif. il ?_,.ﬂ ; ﬁ..,_z...

Jitha grating and a prism: “Ween the spectra ohigined
A prism produces only ope ¢ WS oy =

i ber of spectra on either side .uw Emﬁmnz,:”__:ﬂ.ﬂw.”w,h””_.ﬁham £ives a num-

(il ;m_ prism %nnniﬁ 15 produced by the dispersian a.:_.._.%" whereas the
grating spectrum is produced by the diffraction of ligh )

(i) The prism spectrum is brighter than the grating spectry

violet; while in case of a grating, the deviation is the least for violet and
the greatest for the red. Hence in prism spectrum, the spectrum colors are
in the order from red to violet; whereas in grating spectral, the spectral
colors are in the order from violet to red. .
f)  The prism spectrum depends on the material of the prism, whereas the
grating spectra are independent of the material of the grating.

dl n

M) The dispersive power of a grating is given by 3 = (a+b)cosh which

isconstant fora particular ua._...n whereas the dispersive power of a prism

du

ealyen by g o7

(i) The resolving power of a grating (nN)
14—

ing power ofa prism | -5 | isquitesmall

%nﬂa_ [ines are

is very large; whereas the resolv-

almost straight; whereas in the

Fentiate boty e 1o
&en Fryyy

- hoffer clag ang Fresnel class of &:E...E-b
n.q_w..,_.._:: here .m.:n _.E._._m:“___ wo Catepri ! HH...:H. _.._.
e ..:._._&___:. : E_._u_“_a:wan. ries of ﬂ_mr—;wmﬂ__..u: H.E:.-m_w._ (i) Hu__.nm_.._.w_ di
d Fresne| class of diffraction: - "
b € Obstacp and thye 1 T8 OF Streen or both are at i

ﬁ..u o Bidction, ghe gq ¢ Gistances gre important, Where®®
{ii) In ;._nzz __:,_ ..M_n Obstacle. y, #_.,fEnn of light ang the screen are at "

3 el s WTrapsj, i + the § fionaprc e
S wehille i iy W, the jnei ehnation '
fiiiy | z_?“,”. M hwsw.._:c_ﬂ., di * Mcidppy sw,_m frony jg n:rm_wmuﬁﬂﬂm””__ H.M..q Q__.g%
dark, - & Aiffragyjg, © Inciden y, i e Jar®
EQ...._..“M__“:__.__:E Ui gy e a?.__qqmn:.”“nﬁﬁa:ﬁ at m.tn_._n”__-._w___.__..._m_g_”ﬂ
_._._#..L..a:n GF the 4z f H.,H,__.:...__ . Pritem. may __u_&.a.“
e dify IO Patin § Zones, while ip Fraun
m g always bright.

n.prr.a...u.» fron
InF Taun
a"uE:r._.....

:En:e:. ih
1, the cent

#.I.I.

frrjuj.w.fj_m_uvm._.mm‘..__.._“.:_....:.__ n.dn

ﬂ..__,:m. In the m“_.,m:_._m spectra the

. ightly curved.
Prism spectrum the spectral fines are stightly

gilahle with a grating. 2013

@.w. —......_.h_ﬁ_ the maximum H—E.-—uﬁﬂ.n___.ﬁﬁ..n_wﬂﬁ... .
Other Inted Questions - vailable witha grating. Show tha
G. g E:.—......ﬁ_.?_a_a-. length af lig ht
i Find the E:m_.::._ﬁ. s less (h 2018)
Fihe Width of the grating elemen

z._m:.u_._._ fi cailable. . son Grating: - -
rst order is ava Hh a DIffrocOnSal¥ RS
An, ?W:E:E.:Z::Enga_.}ﬂ:n_.u bl with a diffiuction grating in the

ropectra Vi atiesn fi pal incidence as
. The maximum pumber FSPeC grating equation for ne
Visibe Emmn.nnmzwﬁnr.m huated b

an twice the wave

using the ;
’ (a+h])si inf,
T
and e o of i

i o cioo ffF hig 909, There-
Wher ___m.:.._:m__EE.E__._mﬁrzrﬂr F.__-.ham__n:_.;_:n: ion i B s
e ic Tsoine EEEH._..,|=._= )

T pw i
LS

s
(a+b)sind, =0t 2
i e angheof T

The maximum possit =
i
Visit us Tor :.ﬁlﬂm.m_n,,..-.....\u

(v Inthe case of a piism, the deviation is the least for red and the greatest for -
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fore. the maximum possible order available with grating is given by

(a+b)sind0" (a+h)

n., = 3 =
L L A

Thus, the grating element determines the maximum possib]e Order,
; T.

fthe erating element (a + : : i

If the grating element (a + b) lies between 2, and 2 or grating gjep,.

{a+bi< 2j then

,.
=i
may & = u . T
i
That s, for normal incidence only first order will be obtained. Hengg, i
4 e, |

the width of a gratine [
& wid gratung element is less than twice i
only first order is possible, S SR e

4 and H__::E:.m;miuw_n 3. N AW&

p

of : 32 only two orders an
graling element is Jess than thrice the wave
orders are possible.

Iffa~bjisin between 2

Hence, for normal insi
N : ncidence, when (a +
Emmzu.mﬂﬁn. if the width G

ngth of light, thep only two

0.10. Show that if the screen on wh

moved towards apertyre, g intensity ich diffraction pattern is obtained by

H“,_”rﬂ nmn__u.:__:_n.:ap atthe centre would be alternately mat
’ raction At 4 2003
Let AB be sy Clrcular Apertyre,; . ﬁ

j Il a :
chromesj~ ey Pertur,
: C”_..._”._rr.__... ”__m._...n__. Xy "mm.m.n_.n_nﬂ_ ela —u___._ H_U_ﬁ”- and g 15a ﬁ__u__._._ﬁ source of mone
POINL on the screen gp Perpendicular 1g (he plane of the paper and pit

Epermure ang . 15 Perpendic
P15 the radiyg of the mun,”____ﬂ 0 the screen O is the center of

.
._____r et L
anne®®
AL
FUT—

[*rreinay,

..U _u_..._.._..... P

apng .
Ep;.ﬁ B.Se. 1" Year . Physics |

_ﬂ____.inh._ wavelront and with reference o the

sefront (figure(1)). To consider the intensity 4 p

anstructed with P as center and radi w_+m.r+mw
mvefront AOB. Depending on the distance of P from the aperture (i.e. the
fistance b) the number ol half period zones that can be constructed may be

ofd or even. II the distance a is such that only one half period zone can be
wnstructed, then the intensity at P will be proportional to m; (wherem is the

mplitude-due to the first zone at P). On the other hand, if the whole of the
m
unefront is exposed to the point P, the resultant amplitude is — or the

stensity at P will be proportional to % . The position of the screen can be

dtered so as to construct 2, 3 or more half period zones for the same area of the

ierture. 1f only two zones are exposed, the resultant amplitude at P =m, - m,
(minimum} and if 3 zones are exposed. the amplitude =m, - m, +m, { maxirmun) and
#on. Thus by continuously altering the value of b the point P _._m_.,.n_.Eﬁ__ alter-
nately bright and dark depending on whether odd or even number of zones are
Bposed by the aperture.

Now let us consider a point P’ on the
reen XY (fizure 2). Let S to P’ _um_Ezm_m__
The line SP' meets the wavefront at 0", O"is
the pole of the wavefront with reference to
the paint P'. :
Now let us construct half per
With the point ©' as the pole ofthe w
The upper half of the wavefront 15 €
the phstacle. If the first two zones are
by the obstacle between the points O and A
una if only the 3, 4" and Sihpnnes ANC eX-

: ; erisity #l ;
: the aperture AOB, then miensiy & :
ﬂﬂmn.n_u.__ ﬂu _Eraﬁﬂuc_s Thus ifodd number of half period zones are ex posed, point
Wi 2 [T 5 L

d e ;e e osed, pent
P will be of maximum intensity and 1Feven numnber of zones are exp P
.-H T

1 inereases the
P wi * minimum intensity.
il be of min s . i
and minina _..,_.E_._F_E dec
the mast effective o

1od zones
avelfront.
ut off by

cut off’

ieure 2

s .
As the distance of P from ; .
reases. 1t is because with the

ntral halFperiod zones are cut
A, With the vuter sones __._r..
the intensity ot
% A

m..E.E.Q of maxima
Doint P far removed from P, i
T by the phstacle between the _u_..__, _._.__.. g
:_._:n___._:._,__ inCreises with E__q._.r.:_.....,i.,. ol __,_:___:__,_
M iy and minimea also w ,.__ e _r”....,p__:..__.. L
Mensity, then all the point lying on a e i
B of maximum intensity Thus with it . |

—TTal WS e

— e i -
Vinit us fur more detal 8

pd henve
nappens o be of o
ot the serecnalso w il
the Tt paticm

s licatioin

e

- Chapter 6 - g7

point P, () is the pole of the
half period zones can be

) 5 Ulc. on the exposed
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S Upter g, " B.Se 1 Year - pyy ysics | - Chapter 6 - 49
will be concentric bright and dark rings with {ippcenite P bright or dark depeng |, o as that of the incident light will come 1o fcus at the point P on the sereen
ing on the distance b, The width of the rings continuously decreaseg _,“_Mm_.. o i placed at the focal plane of the ¢ ollecting lens. The point P s&na. " En_
ondary waves reinforce one another corresponds | the position of the central
Whoffy, ghtmaimum,

B.Se. 11" Year - Physics | - ¢

Q.11. Obtain an expression for intensity distribution function for Fyg,
diffraction ata plane transmission grating and also discuss the Prim

] : Aary ang ¥ M

secondary maximas and zeros. ( HEH. Al B
Other Related Questions - o ]
Q. Write expression for intensity distribution in diffraction pattern fyppy _ : — f
by 2 plane transmission diffraction grating and discuss formation of pring.| - -
paland secondary maxima, Also find the ratio ofintensity of a principal myj. . o= ) { P
ntum with that of an adjacent secondary maximum foraveryly —

: S b ¢ >
slits. N :H:Mﬂ”.. — !
Ans. Plane Diffraction Grating: - (201 =1 v

A diffraction grating is an extre ; . g i N

... =R I8 an extremely useful device and in one of it Figure |

0TS it consists of a very large number of narrow slits side by side. The slitsae ine in a direction inclined at an
separated by opague spaces, When a wave frong ic i z, Now. consider the secondary waves traveling i a ;
ight is wransmitied through the sliis and oo, oL 0114 grating surf e Fthe incident light (figure (2). The colkecting lens also
T L slils ¢ siruc ¢ thon . o » direction of the s :
Such & grating i called  ramgmpr -1 BY the opagque porie | @le @ with the direction  of the lens is parallel fo the direction of the

positions of the slis i H_.w_sm grating, .:_.a secondary waves from E s suitably rotated such that _ﬁ E._,.._

waves in Young's experiment : _._ one another, similar to the interference ¢ secondary waves. ; e mmn”m EEm

consisted of 3 Jarpe i oseph Twc::_um.ﬂ used the first grating whid| The intensity at P, will depend on s
'€ number of paralle] fipe wires stretched on a frame. Nok | Ofiginating from the corresponding e

UNgs are prepared by rulin s = b, The patl
h £ equidisiant ne B - i e aond BO=b, _
The lines are drawp, with A t parallel lines on a alass surface. | Mzure (2),AB =a

[T i et
aves come to focus at point P, on the sc r.
path diflemee between the secondary waves
nts A and € of two neighbounng slits. In
1 difference between the secondary wiaves

ines i 2 fine di i i i ic equal to AC sin -
™o linsg e Lransparent 1o lighy . fine 93.._.5. nd point. The space in between 2| farting from Aand n_.ﬁ e 2
Surfaces e pe Mansmission o ..&-_“_ :._n lined portion is opaque to light. Sud '.
-2 silvered surface (plane or rﬁwzﬁm 1 the other hand, (he fines are drawt® .
TUITOL I betweer, Y b : VEhthen lighy g reflected from the position of i
If the spacing pur <> 21d such ¥ P,

i .m_._:,monm act as reflection gratings |
deviatip 5 Of the order of the ,,._..‘_,..n_nzmaﬁ
00 of' the Jighy i Produced. Gratings used

e BEINE betwpen ih
- - FIE0.an appreciap),
®Sdy of the | isible re

G | =

2100 0f the spegt

qnn_,._..wﬂ.”qw.“‘.._...mv. with Onznally nyleg oot Tum contain 10,000 lines per ¢
o OUe i) oo ACCE are only fpw ical
layer of g =T Erating are ¥ dew. For practical p }
¢ Collodicin gy =0 Prepared, O e o e ; ceat”
the il o _..h._.:_ﬁ..c: “._ IS poured and the ....c_:__.u__:_uah.._w:ﬁ_ grating m:ﬂwz o |
gls B TETONe : ni : arden.
WO plas Plates, Th .._._un.___.ﬂn_ from the Eratin A .m:cﬂ_rr_ Lo _.E_._.._n.._ et
Teplicas sre e, SETVES g o pla e m_zn,un > and then fixe d —
Theq Prepared in Mk hg Fansmission, Giic. A Taios numbe’ v Figur
Yol plang gpynee 2 F:.:u.:.:m_m: 10N prating. A large .

In figure _EEE:E_ Erating, "Enal ruled surface. But AC=AB+BC=0 - _
E_._H:n_n:_n::.p_ i XY iy e Eralinn ?,_q Path difference = ACsing =lat .:.:.:. it e i el e -
ang PErpendic = U plang Of The Pa w.v:l,...nn and MM s the mnﬁnnu.n__m ah ; il be of e sty 110 his cases all e aeppdiany wans

H A 1o the Plane of 4. 1€ slits are g lel to one 37 The point P!} w1 - he wavelength ol ight. In 1152 & i peiniona e 4noleT
the SEAB s a gy ang © of the Paper all parallel to | where & isthe W .E:_.__,...E_n_?,_;__ﬁu___.,E
OPague spacing 3C iy . Y e

m i J i . ral
n o K _.___.u:_.n-__._. _mh‘_“ ._..:.mE._E_m_ﬁ _.=..__._-..._.F. COITLE| sy, m peTK

i i st & : { Hr_f_._"a.__.-__._-m.._._ .
0 st The widih of each shit ¥ a0 g
ﬁ_.___r.‘..:.fr.u__.ﬁ ish. Let g plane wave “u.ii_w iand the angle () gives e i o .I__ﬂ__ﬂﬂ.._na_lﬂ._l.ln sublication.in ]
the S0 i he detail af - i P

7 ]
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(a+b)sinG, =nk o}

where 0, isthe direction ofthen” principal maximuim. Puttingn=1.2 3, ete. fhe g

8,.0..0, etccomesponding tothe directions of the princtpal maxima can pe obt dingg

If" the incident light consists of more than one wavelength, the beg
gets dispersed and the angles of difiraction for different wavelengths will _H

different. Let 3 and j, + d3. be two nearby wavelengths present in the |

lightand § and (6+d8)be the angles of diffraction corres

two wavelengths. Then, for the first order principal maxima
?p._.;mmamu.u.

NCidey
ponding to e,

and  (a=bisin(0+d0) =+ dp,

Thus. in any arder, the number of principal maxima co

number of waye : :
> H"_.Hw., Hn,,_ ”, velengths present, }.EE_U_Q of parallel shit im ages correspont
1 gives ﬂ Hn.::: wavelengths will be observed o (he sereen. In equ.(i),n=
BIVES the direction of the firsy order image, 1= 2 wives the direct; Fil
second order imape and 5o on. When wh; 4 ._ ke e e Qlsiani i
. 5 -2 When wlite light is use iffract _
on the screen consests of a white =1 1> tsed. the diffraction prue

this maximum 3 SpeCtrum corpe 8 EE bright maximum and on both sidesf
Present in the inciden; b .,_nun__r_ﬂ_um._a:a_um 10 the differeny wavelengths of ligh
Seco am will be o ol e

ndary maxima amg minima: - bserved in each, order.

rresponds to the

The angle of diffracy
respanding 1o the gy
tipal maxima js Bive

on B eor-
eClion of the n» prin-
n by the tquatiog
[2+h)sin 8, =n

ip

d,

/. __uwnw:“@s:__ the 1, 2™, etc pri

ey . . _w_w.n " Yegr - ﬁ..:._.__,m_.n.ﬂ__. I- D.EE.& 6-0]
Jfer the a primary maximum, Similarly, if the path difference between the

gondary waves from the point A and C i 2h/N, 31/N ete. Values of do,
wseangles correspond to the directions of 2+ 3 e secondary minima after
peni” primary maximum. If the value is 27,/ N , then the path differnce be.
ueen the secondary waves from the extreme points of the grating surface js

(1L./N ) N =23 and considering the wave front to be divided into 4 portions
fthe 2 secondary minimum can be understood. The number of secondary
minima in between any two primary maxima is (N-1) and the number of second-
aymaxima is (N-2), . .

Intensity

Central Image

F
Figure 2

i ' in figure (31 P corre-

,_,_.,_.r..mimaﬂ_q distribution on the screen __M mq___ﬂs ”__nz M._M_zn _MJ__._W Bieerec:
iti “the central maxima and 1, =, elc. :

T s ._..m n_“ al maxima. a,b, etc are secondary Hmf:wm and

5 nsity as well as anpular spacing of

T ."_._.-m. .u.._um. _._".-_ﬂ. ] 4 .
LI all in comparison to the _u._.___._h._.ﬂhu

: et are the seconda R
€ el are nd minima is 50 §m

In this equat; the g ~ondary maxima i e iform darkness between
; 0n, {a+h) is calleg sec hserved. It results in uni
1] i : ol W_ﬁ. ahse
“un constant. For 5 Eraling F..;_.__:n B i ,,_.h.E,_.H_nw‘.HN.”_ﬁ__..._u
10es/inch, fhe value of 13,000 any 1wo principa . ; (2013,17)
( 2.54 : [.12. Write short note on resolving power of the grating: .
.m.q_w___H = s . ; = )
15000 e i i estions ‘ ; . o show
N 3000 k. Dl mn_._.;__.. ___.:_“ﬁ_”.unﬂ_g on for qmwc_,,__._u_ﬁs.....n-.___.: nqu_.h._”nu __““_ i
.wE__. let the Engle of diffrae; b i 0. rD_uE_“.m_._n power of the grating is directly proportion to (2019)
e path diffpre N be increy, ik | thart the reso
Ui .qﬂpznw _u..n:._.._,.n: the s, died by a small amount Jd0 m:n_u,._ ¢ | of the ruted surface. fogs= . o
Sby 2N (figure 7, Mdary wayes from the points A ™™ f Apg Resolving mas_nqnnmﬂ_ﬁwwn:: separate diffraction principal maxim:

Here N j5 :
differe 151he lota

Itis defined as the abi

Inumber oy ; ry close to each other.
NCe betweer () BT Of lines Al leneths which are ver
; " secop 5 MR prating sy hen, el | of two waveleng I
surface wij be (51 a bW .95_ Waves from, the g_h”nm v:lE.unm . ___._r___n ma__% Derivation: - .o of two wavelengths &, and %, is incident no
MO WO halyeg g o - ASsumj me pomts oS =y ight consisting
E5, the nath g the g Jivi Leta light c0 ot (3 + ). .
%0 halyeg will be .n b differnc,, betweey, __r__g_._r__.r. - wmm of ™ | ona grating of grating m_m_.__._wﬂ”u_ﬁa,:m:..,__ for wavelength &, 18
L Jf o o = E i ) 3 il o il
fect Ths, (g p_“___ i the secopy corresponding point e’ The direction of the n" princt]
T o+ 08 Will g, : ary Waves o I and
Visit Us fgr _u_._.._“.:___...__.:_._.._“:.H 3 ¢ cancel on : -.q._____dd
More detalar . " O the fipy, . ceondary M7

af : W, o
= W o e e
Irr.lr.lr.lrrrrrrrul,r.w_umh..m.::.
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Scanned by CamScanner



* f.Se. 11™ Year - Physics | - Chapter ¢

- ﬂH
(a+ bjsinf =nk, Y
Or  N{a+bsmf=Nnk
(where N - total numbers of lines on the grating)
The first minima in the direction (& + d8) s
N{a+ blsin{f +dB)=mA, ’ -
where m e 0, N, 2N, ...... Thus, the first minima adjacent to the s__, ...:.: 2
the direction (8 + df) is possible when m=(nN + 1) Wimaiy
S0 from eq.(11)
% a.ziu?m.__.;m.unEHEZL.:_.__,_ (i
2 direction of principal maxi % : s
i s %“, . ;ﬂ wﬂﬂ“ Mw ﬂ_.m”wm w_ﬂwﬁ_m: due to wavelength A in the
Or  N(a~b)sin(f + df)=nNi_ ¢

For .u.n:mﬁﬁma: of Rayleigh’s criteria it is nece
of ;m__.&wnﬂu *..should coincide with
same direction (8 + d6}. Thus on com

b ssary that the principal maing
the first minima of wavelength 2, inthe

L inN - 1)k, =Nnk, e R
elus consider . =j and s = =) | I
o _ nd “_.,” Adl= AR =di "
(nN <+ :m,uz:_ﬂ.r+%,._
= m.H“.nD_u“_. = m._mul =Nn
2 .
- e V1)
3. s the resolving power of Erating
From ed.1)and €q.(vi) we Bet,

Resolving Power (R p.) = Neatbysing

% (A =2

ving power is dip ErUNg is independent of the gratif

Z)the ectly :
he total fiLirmher gzm:w%%u“n_o:m_ 1o eq.(1 the o_..n_nEE_

given Erating,

1€ grating surface (i.e. the =._n=__,
& distance hetween the %nﬁ_n

- Aﬁﬂ.ﬂ_ﬂn— A.___-ﬁ_.ﬂﬂ
han that in the first order spect™

Wi
NSomepublication.in
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variation of E.
we would find that the tip of the E vector tracing a circle in space,

£yes,

completing one revolution within one wavelength.
iscalled circular polarizat

specific

Figure 1 -

A circularly _ua_mmwmﬁ li
produced due 10 superposition 0
amplitude oscill

Figu

polar

and

Chapter 7 g

Q. Define circular and elliptical polarized light. (2017)
Ans. Circularly Polarized Light: -

A lighe wave is said to be circularly polarized, if in the course of wave

propagation, the magnitude of the electric vector E stays constant but it ro-
utes at a constant rate about the direction of propagation and sweeps a circu-
lar helix in space, as shown in figure 1. This is a picture in terms of the space

Alternately, if we could see the wave advancing towards our

Hence, the state of polarization
ion. In, circularly polarized light, there is no preference to

direction of oscillation.

E vector sweeps a circular helix in space

cht wave may be regarded as __ﬁ.,nm::m:_ﬁ.m_._m
polarized waves of equal

f two coherent lingarly
rpendicular planes, and are out of phase by 90°.

Space vari ation of E3

ating in mutually pe

(bl

(a)

i of _.n..w..,:_u__m__

s i mhinati
zed wave is a co aEphiNg by 90

- Circularly polarized e is ;
7 m,a and yertically __n_u_:smn waves that arc o
1E |

s 1 am litndes. . B ——-
having _...#J_u —M rlwe linearly _.__".___m:._m_..n_ waves having & a " ..m.u f
Lot i il u-n_.:n_n..,_...__._*.r_“.__.._ﬁ.;:m:_.. polarized Wi )
_._5__...:? e :Eiwrz._ wave), Let s further assume

o a5
tude, oul of which one B ertically T instant, the
: . direction (verie i ire (2(aNh. Al some instant,

a je other in ¥=t A L L g >
et L and out ol phase Y ——ficationn

that they are goheren
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oo, B Pestl = & Byl o= f _-“”__n.-_._r._

_,._ff

E-field vector of z-polarized wave will have maximumamplitude and ghe E-fig]
vector of y-polarized wave will be at zero. At that instant, the polaizy; on :
horizontal. A little time later. thez-polarized wave has decreased a ljgy]. Wl .__w
the y-polarized wave has started 1o increase. Then, the light looks _=.5 __“___,,
polarized at a slight angle- mostly horizontal, but with a small vertical cop "
nent. A little while later. the z-component has decreased some more, angd ____%H,
component has increased s i : ;
m._..ﬂﬂ_,ﬁu__.,.. the ..._._,._ﬂ..__.,._mwm,h_ﬂm HM_H,._ :.“Mﬁ._.:.ﬁ m:m_n ks _}E_ s
V. the amaximum, and the z-polarized y

zero, » have pirs vertie e ave|
Mo” unm we have pure vertical polarization. If we stand at ope point in 5 ¥
an 3 irecti 3 . C
90K at the direction of the wave, we will observe that the E.ve il
a circle in space. Hence, it -veclor sweeps

b ey i5 called circularly polarized wave. Note thar the
§ sultant E-vector do not take place ina singe pl
ane.

(2} Right circular Polarization m

. Firure 3 tb) Left circylar polarization
Upof E is clocky
then the waye |

P o _

If'the rotarion ot the i

ise _ _
a5 seen by an observer looking

zed (foyre (3 ; 15 8aj . :
ke _n:;ﬁ.w.umu..m..ﬂu. _:_wn.__ﬁ_ OFE rotateg gy M._Hn_uﬁ_m ?m right-circularly polar-
ALY polarized, Thic .. ., . UCKWise, then the wave is said 10

terme of the time var 1518 3 degorimg: _
o ariat : SCTption of ¢ i s
Blliptically Polarizeq g _“__“n_.:a - Feireular polarization in |

t Viriatiny
F. 5 I ol -
v hght wgye it 5 ,H._.__.._,.::.w

Eletiric v 881d 10 be o Weg
of En_r Vellor | hinges y 4 __”: ....____:m...,._____ _n.c_“_u 4 Matteneq helix in spact
iy ot i Y . e

This __.vhm...:__ ANd sweeny . ;_:.. 4nd the | Elor _u._.FEm. il the magnitude of
S15.8 degiring, * 8 Matteneq |, L Mg e . T

:_,m..._.__h,.:._&»“, ol ellipseq ), pinl ._.._:. I Space ., =S abaut the diret 4

e T W Iy, "o gy g 08 Shown in figure (
.wI.I-I.I.I,I.."I.“..Hn.Im o] tihse = LVRREE g n._.n.r_l__-m _...._._..._u__n.. space ._..::...‘____.__._
~—_ Visis e | i ol = @l The It __....... fs .._:...:m"

¥ el Ve I

JI[.J.JI[[F.__J..IMH_._Jﬂl..n.m: ¥

|
e ST e i
_ h_._h.___:_ﬁ__ _::::m::a: interms of the time variation of [,

H_.g_a_.ﬁgmm. I waves of differing amplitude are related in phase by 90, or if the
|dlative phase difference is other than 90° then the resultant light wave is

diptically polarized.
o ¥

jon of horizontally
amplitudes

i ave is 9 combinat
rized wave 153 €
aves that are of different

Figure (5) - Elliptically polari? s
polarized and vertically polarized W
and out of phase byt
Let us consider B
tudes. out of which one is pol
Let us further assume that they
i e E-figld ved
angle i fgure (51 The E-field ... ol
amplitude at times when E__.q__...:.ﬁ”:,.‘E.__.:_.::.. g
s wecr (e (53 Then Blece i ; . :
and viee versa (higu H_ .ﬁ__ . The apnitisde 0 sesultant F-vector vanies i :
e, HEL i . - . 3 h
_ werall mtaten of the B-vector has the appearance _ﬂ_.
OVETT 4 appen ok
e looking back wwards the the Folaton

tnearl _._:r:.._mxfi witves by ng p.___.ﬁ._._.._,r._._.“ Hm:.ﬁ..n___.
n.:ui.“ in a-divection and H_...r. yeeer in y-dire _w__..ﬁ..
are coherent aud ool phase by an H_HT.__BG
jor of Z-polarized wives ill huave :ﬁ.....::: m
-polarized wave is a minimuin
resultant E-vector do not
1 each

toke place in g single

n Y - pa o P
point in space and the souree, il

flattencd helix, When weare i 10 be a right-elliptically polarized wiave Ifit
i kowise, 1115 S anyg : .
yoector poeurs clockwise. 1t 15 o Joti-cHliptically potiazed wave
fes ant clockwise, IL1s cotied 1o b o Bedt-cil [
rotates -
5 acti oMy
Explaind fuygens' theory of doublere fraction.
G.H. ......r#._. H ¥B .,
Jan ki pestionns - : « refraction. (2013
Other Related € _.H auntof Huygens ihcory of double q___. _.3_,_ o ARrY
SR of aee A 7 SR ik .
3 e - note on fheor ul dhprinle refra tiom in inh
rite s e ;
0. wWrite shor 2o
| vl erystal and
el ILH] b
v gy of donble e lasmless ol
0. Coive Huygen theor? e Fefyaction [ pormal ineldence
e fiety of diagram show dou
| i H i e — I-l_—.
fisty Lo - T )

ile By e o | ——
Ly ol v ._._;..:.,.*.:____.._._.ﬁ__. = y
[ E LA - x=)

. T
Ay, Flaygens’ (et 20
.. _..:._:

e\ g

( visites for
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Hence, it is called elliptically polarized light. This is 4 description of

. An elliptically polarized light wave may be regarded as the resultant
ave produced due to superposition of two coherent linearly polarized waves
(fdifferent amplitudes, oscillating in mutuaily perpendicular planes and are
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_ . . S ;
In order to explain the double refraction n.i_:w:na by m:iEEEn _E_ qrsected by the cE.E axis. As light propagates through the erystal he "
tals. Huygens postulated that the incident light excites two separate y, erys. e surfaces travel in different directions in the crystal. ,c__:_ﬁa.n.f__,,_%u Iwo .‘M_

s i . ; ay
within the crystal, one spherical wavelet associated with the ordinary Velets yeled rays emerge from the crystal,
and _Ex. ellipsoidal wavelet associated with the extraordinary Waves wMﬂ.ﬂ
ample. the plane wavefront, in Fig.. inci - T'0r ey,
p nt.in Fig., incident normally on the Crystal surgy, 04 State the law of Malus. (2014)

Senerates spherical wavelets as we T ; .
.M.E.n_mz ?;.M ”2_ al way _mﬂ_z., as well as ellipsoidal wavelets, The Sphericy (ther Related Questions -
§ agale o cauieklv i all dimang: —
tntes _,.H.awu_ .;e_m_,”, LEM Kly in all directions. The waye surface n__“.:“ (. Discuss Malus’ law,
£ ray is therefore spherics ; "
! ore spherical. The tangent to these waves Jies strajgp ™ Malus’ Law: -

ahead and by successive appiz ™ o i o A o
gates straioh - . : ew e amount ol light transmitte ugh a polarizer at an arbitra
Edles _ﬂq.ﬂw_m._._._ ._jﬂmﬁ_.h. with speed v, The m._:m..-mcu.mm_ Vvl dve Propa. T A \ g £ P Iy
ferent speeds in differcy: directions : €IS propagate g1 g, @4l is given by Malus’ Law.
1S therefore an ellineaid oo 2) i H s i
erefore an ellipsoid of revolution about the Optic axis .H._u_a_:m_:m et .::ﬂ._m.ﬂ_mnn D
: incident wave

(2013)

Eenl 10 these #llinen: 4. . L h :
point of n.M_nnMp?:_&_ after alittle time 15 the new wavefront ,_._“u mﬂn.::ﬂc: o -
ge on of each ellipsoid - Lhe line from the
off 3t an ang] 3 "1psoid o the tangent point gy _
The way nmwc_ﬂ wuﬁ_ efines E_wa_ﬂmﬂ_m: oftrave] of the MHGH G““.__. = ipaoid o | ;
8 are not perpendicylar 1o their direct; raordinary wavefronts, | B .
ction of trave|. _ 4 [=1lcosH
’/’./ TG—EE.NWH .ﬁ = . - ._.F ﬁJn.-muG
Li ght | m_m_:ﬁ.na Wavelengths - \ 2
it B 8 ofordinary waye . Analyzer
* Figure e ’ ; ,
. In 1809 Malus found that the intensity af ﬁa_u:ﬁ_m_ light transmitted
n S : of cosine of the angle between
: _;._p.n.__._.m_u anilaizeris .Ed__”__n__:_u:m_ to the square : e ;
’ the plane %H, polarization of the light and the transmission axis of the polarizer.
__.Eﬂ._.mm : 5 : Malus’ [aw.
atin . nt 15 known as g . - .
P oedin o This statement | Fintensity | is incident on a polarizer, plane _,.n,_uw
Cre Ny If unpolarized light o T tloncted /2 by 1:: Let this
75kl Wave frongs ized light of intensity 1,/2 is transmitted by it. Let us ST .
Surface . n Ight ol Inker lyzer, The intensity of the light trans-
ystal plane polarized light pass through an anaty .
| mitted through the analyzer is given by
| . . 1 ]
._lqwn_‘= _ h"m_uh.uhw.mu"qhhﬂm|ﬁ"m_tﬂ.._um o .
bf “Pagating | Light transmitted through the analyzer at specific settings are as follows.
¢m—_-mn._..”__.=mﬂw _ [=1 .|.|_ I
H.h{wﬂsa"m . 7 Case (i): 1f0 =07 axes parallel -
sid
: | . wdicular =0
' TT 5 | Case (ii): 1f0=90" A 5
' | | =l == ]
| i o parallel b2
__ v e ..,,_‘._. _ Case (i): 110 = Lo wer dicular =0
| i A0, by | AXes perpendic i P o P Wi
L ; Wirvelalg | Case(i): H0=270" .u_ﬂﬂ: of maximum intensity and ta | , _.__
— e i | Thus, we oblain two Po- the axis of the analyzer with respect toib-t
gt sl o wie rotate the a !
| et Fiphn, ”“FE: intensity when we rotd
sl o S . e polarizer. e ————— ]
e Y g, e ' , af? i ilat: ,.ﬂﬂsl__l..u.um...ﬁ.E.F:_,.lu:H...r. st
T 2ty pR Periinds s ___n,.__;“ Visit us for more deta e —
gLl ) | .....w_..._.__.._:.-.“.l.l i
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Ans.  Polaroids: -

In 1928 £ H. Land invented Polaroid sheets, whicly utilize the py
* phe. T ) .
follows, o Clegr the principal refractive index for e-ray in positive er ystals is defined as follaws:

then stretched in _u. rr_ ,.f en a__. THM_““”_H_””HH:M H..,.:_._”._ ﬁ.._,.g,._:.q_. _.u_.,.o__c: . s
stretching process ,:_.,, PVA mol los bee ::w. :.m PHE _.r.:.ru.___. Sl
stretching. The sheer i the et _u_”..___m. e E:zm 5 -
e e _. _.,.....__ laminated to 5 r._m__“_ sheet of plastic 10 stah;

SAPesed 1o 1odine vapour. The jodine atoms attach 1 -

i PVA nwlecules and consequently form |
k i

fams. The iodine 5

. ! r 10GINe atoms proy ide electrons, whicl

2 el chams, but not perpend: the her

e Perpendicular o the :
o the sheet, the electromamne e

Tl e
pardial w ._.m._h. alien "E

HJ
L]
1)
o
1
=
=
L]
[
=

._ _ N natural ok
tie : :
¢ vibrations that are i a &En:ﬂ:

e dissinarye af fth
B ve elerre of the nmo n
i3 e elertmn LLEAT B
tHon .z_n. ch

ireClion pe ic
ot e endicular o the
t S ransmined g,

cions ) - ains, Consequen| v, onlh
Irection ofmolecular chains
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U _ ¢ _ velocity of light in a vaceum
gl ik

v, velocity of o-ray in the :ﬁmm

¢ velocity of light in a vaccum

He = T
(U, )y, minimum velocity of e-ray in the crystal

The principal refractive index for e-ray in negative crystals is de fined as follows:
i c veloeity of light in a vaccum
© (u,),,. maximum velocity of e-ray in the crystal

(¥} When natural light is incident on an anisotropic crystal at an angle to the
aptic axis, it splits into o-rays and e-rays, which travel in different directions
vith different velocities figure (a).

When natural light is incident in a direction perpendicular to the optic
-ray and e-ray propagate in the same direction in the crystal but with

ais, o
nt velocities, as shown in figure (b). Ina negative crystal e-ray Jeads o-

differe |
fay and in case of a positive crystal o-ray leads e-ray.

When natural light is incident on the crystal in a direction parallel to the
Optic axis, it does not split into two rays. The o-rays and e-ravs travel in the
same direction with the same velocity, as shown in figure (c).

2=y
P ey
: —] i2
% ol I >
1 P
e B 3 ol OnEs
H J. .r.[. m & L +_”F OAL
sisansimumiefrdss = 7 o
) (el
Figure ]

only within the crystal. Once they

(vi) The distinction of o-ray and e-ray cxisls he er AN
they travel with the same velocity, The rays outside

emerze from the crystal, . '  The zeys
the crvstal differ anlv in their direction of travel and pline ol polarization. The

d .mmm_‘#.,,::: of v-ray and e-ray has no meamng outside the crystal.
[ s i

. - . 3
i tion and detection of elliptically polarize
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it 10 pass through a polarizer (a polaroid sheet or a Nicol prism), yq Showy, in
figure (1), The plane-polarized light is then made incident on 4 quarter y,
- i s g -
palte. The quarter wave plate or the polarizer is Enm.,_..;.mzn__ that the _n__mn_:_”,
vector E of plane polarized light wave makes an angle (=45 u with the apti
axts of the quarter wave plate. The incident ray divides into O-ray and e.ry :
amplitudes Esin and Ecos® . The rays travel along the same direction _.H.._w:”*.
erystal with different velocities. The Mo rays are polarized in orthogona| pla
They are in phase a1 the front face but progressiv ly get out of phase a5 _”ﬂ.
trave by the s s s r e
3,_, e r__rﬁ:_.b Em,mfs__ When they emerge out of the crystal they wi hav ?
path difference of 7.4 or g phase difference of 90°, W gy
At raph e « When they Combine, th,
produce elliptically polarized light, e

Optic axis

Elliptically
polarized light

OWwp g._ _.F _ Result

Wipticay,
The i £ Y poly 2 johd
_.n. lighs bt i . _..ﬁ:ﬂﬂu rized ligh

; r
Nalyzer (a polaroid m:nn__.””
sheet o Nicol, the _.:“E._..,.umm
P yalye, but Bt

17T
JIEE_I—EW_:_.:,E_

_. : J“‘.. H._._.._ _.—..”_...._u—.. .
" ar - Physics | - Chapger 7

| g A o E: . . ! r7.

| gaching zero, then the inciden light is ,..Eu___.ﬁ._.zw?_,_i.aa hapler 7- |

_ A similar result would he obtained if the jnciden light were partial]
| olarized. The two cases may be distineichot 1.t ahy
polar ¢s may be distinguished by inserting  quarter wave

| plate in the path of light before it falls on the analyzer,
| Ifthe original light is elfj ptically polarized. jt ma y be considered as re-
_ sultant of two coherent plane polarized waves that is €-ray and o-reay, which
- are out ol phase by 90, If the light passes through the quarter wave plate, an
| additional phase difference of 90" js introduced between the e-riy and o-ray.
Therefore. the total phase difference becomes 180° between the e-ray and o-
- my. On emerging from the quarter plate, the e- raysand o-rays combine to
' produce plane-polarized light. If the light coming out of quarter wave plate is
- examined with an anal vzer, light will be extinguished twice in one full rotation of

‘_ the polarizer as shown in figure (2). _
(0.7.  Explain ___M_#_ linear and circular polarizations of light will change on
\ passing through a half wave plate. s

| Other Related Questions -
' Q. Differcntiate between quarter wave plate and half wave plate. (2014, 18)
| (2012)

' Q. Write short note on Quarter wave plate and its En.. . 2
| Q. Discuss how the polarization states of (i) a plane polarized light and (ii)

. as : aneei hrough a hall waveplate,
- Acircularly polarized light change in passage throug (2011)
|
Ans, {wave plate: - i : s
| ns -.EH pals __—_“....:___n plate is a thin plate of birefringent crystal having En
optic axis parallel to its refracting faces and its thickness ..,._._En.n such that it
_ _hﬂum:n_m.mﬂ half-wave (A/2) path difference (or a phase difference of 18(F)

| :-Eu__...i.ﬁ,.n_ light wave is incident on a hirefringent ﬂwnﬁ

; Whea Mnﬁ_q_ﬂ”._.u.w ﬁa_u_ Lo its refracting faces, it sphis H.._=: m.__._,_.._ .,.__.m.._;,,.,... o
e H,u__u : .m ,._m:m two waves travel along the same direction inside the
e T_Mm__ﬂ__n_._.,.ud:m velocities. As a result, when they emerge from the rear
MWM.H“.W__H n.,Mj“u_ anoptical path difference would be developed between them,

(m,—p )d uw

A

; 43 2, ~ 1)

erence &, between e-riy and o-ray

A half wave plate introduces @ phase difl
§=(2n/k)a=m1= |0

et Uy om ihe half-wave
el light b incident nor : i
! olarized light' ; s canis ol the ha
Now leta E::n _.__:q ki st e
« glectric veo i e
g 7w insome subdication.in !
at : ww WIS,
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-1y
wave plate. The incident wave splits ito o waves, e-waves and O-Watygg
The waves progressively develop path diflcrences as they travel throug), .

I- el i ! = 1
ﬂﬂ.___.m._.u_._ and _“._.:.J. EnICTEe W ith a u.___.r.a..x.. di —._,HH_..._._"_.._.. C__. _ ._m_ﬁm. . 4_____. Tn. 1 __.-r. twn _____..m._._....ﬂ_
combine, they vield a plane-polarized wave. which has its plane of ﬂ:r:._..u..._.:c_._
rotated through an angle 26.
Half wave plate

Optic axis :

Linearly
polanzed
light

Linearly
Polanzed

_h\\.. ¢ * light
Figure 1
Therefore, a half-
m__nE__.s_ plane polarized |
invert the handedness of g
lefi and vice versa,
Now we
on each other aﬁﬁ%iﬂg& What happens when e-ray and o-ray overlap
that they cannot n.ua__mwmu.ﬂm __mca An anisotropic erystal plate. It is obvious
o e * ih 1
G e ot s crence fringes as in a double slit experiment

: they combine ¢ = di ! izl
ﬂnumﬂn_zm Upon their optical pagh Muvﬂ_w.”“w“_._.”.“ PSR N
)} When the aptica| Path difference i Dor .

wave plate rotates the plane of polarization of the
ight through an angle 20, The

lingi ; halfwave plate will
1ptical or circular polarized ligl

i, changing right to

”Hcﬂm_.u_: bght wave is linarly polarized aneven or odd multiple of 3.2, the
=0 the opic| - ;
polarized. path difference

_3 1514, the resuliant light wave is elliptically
: .
i .__ In the particular Instance wh
aptical path difference 153,04 1k "
CQuarter waveplate;. e
. A Quarter
UPUC 8305 paral]e
ntroduces 4
between the

he wave amplitudes are equal and the
tant light wave |5 circularly polar ired

Wive ﬂ_..:n _ .

. RS athip SR ’
o it refracting g Plate of birefringent crystal having 1P
qUarterway (g, o oo And it

o (%4) path difr thickness adjusted such ._E__H.ﬂ
,._,.:_..a”_.“n_w “d 0y ___E_,Emm___._. E._mznn (or a phase difference of w3
; AN paylyp. ; A throygl §
vl i, through jy.
rystal _.____._z_.._ .___.f.:u:.__.. o light Wiy is incide; i i T
E-wave and goway. g o Paralle of: 0 E._u_._nmu:ﬂﬂr_?_._ e
raclng face, the wave splf®

WE figure 1., Mo dis ¢
) B B Dy _._.__m____r.m.— 15 - o il
Visit us Typ oy v m_...ﬂm the same n___...un_:..._:
g ._.ﬂ_. T
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et
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i different velocities. As a result, wlen thy yemerge lrom the rear face of the

aystal, an optical path difference would he developed between them. Thus
3

~uwid==
¥ A—u_.._— —..___ V ._..ﬂ

A
i BT
it .n_ :._._“_ i .wn_. h.—
A quarter wave plate introduces a phase difference 3. between e-ray

and o-ray given by 6= (2n/)A=n/2=90"

producing elliptically or circularly
d light into elliptically or circularly
\ the incident light vector makes

_.,._., guarfer-wive plate is E__...__w..,..... i
podarized light. It comverts plane=po n.ﬂn..”r_:u
polarized light depending upon the .E_.. _pu_n
with the optic axis of the quarter wave plate.

i ate whic nvert
the thickness ol a double refracting plate w hich can co

a1 Caleulate arieed light, Given i, = 1658, 1 =

wed lig Lane pol
Cacenlarly polarized lightinto p
yeireularly | ' -
g WA arized light by a
Sol,  Plane polarized light

suitably oriented quarter Wi '
R oo 0L

. = ol -] ARG

& _ 8 4o Mel A(1.658 -1 }

or  d=0.856pm

gets converted into circularly pol

we plate. Hs thickness

is wiven by
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Q2. Unpolarized light of intensity 1, is incident on polarizer, Dedugg i
Ig

intensity of light after passing from polarizer, 3

Other Related Questions - (2013

Q ! Unpaolarized light of intensity L is incident on the polarizer, ¢y

the intensity of light transmitted from the polarizer. : Aﬁw_..”_,.r_:.

Ans.  Ifincident beam I: £ : . 1Y
mondent beam is unpelanzed, the intensity of the res I

bel 2. pa v ol the resultant bean v, il
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Chapter 8
(Clapter :

4 L v b = .
e Definc optical rotation. Give the Fresnel's theary of oplical rotation

(ther Related Questions - e
Q. Give Fresnel's theory of optical rotation, (2015)
Q. Obtain an expression for optical rotation produced giving by an E:._m-

~(2012)

cally active medium giving the meaning of the symbol used.

(. Defineoptically active substance, Describe Fres nel’s theory of optical
rotation. (2019
Ans,  Optieal Rotation: -

When a beam of plane polarized light propagates through a guartz
crystal along the optic axis, the plane of polarization steadily turns about the
direction of the beam. The optical rotation can be detected as follows. I two
polaroid sheets or Nicol prisms are held in crossed configuration and iFa beam
of unpolarized light is viewed through them, the field of view appears 1o b
completely dark. Now leta quartz crystal, cut with its Faces perpendicular to the
axis. be inserted between the polarizers such that light is incident normally
on the erystal. The field of view now appears lit up indicating that __.:..__._"._.: i
fiot cut off by the analyzer. In order to cut off the transmitted I tht, we find that
the analyzer is to be rotated throt ygh a centain angle. The experiment establishes

that the plane pola pized light produced by the polarizer remains plane “..55.:}..._
while _.__..Em_.nm.. through the quartz nﬂ?.u_ bt the pla _._w. of polarnzation s rotated
through an angle. This angle is the angle throwgh W hich the analyzer s rotated
in order to cut off the light iotally. The optical rowation, e, TORNON ol the plane

of polarized light is shown in Fig.
{Iptic axis

oplic

(n) Optically 3 tive crysial
Figure
i & iy
ate the plang ol polanzation of plane polarized light b
optical aetivity. Substances, W ich huve the ability
Ty (hrareh them. are called wprically

ally, aeniyve grvstals

The ability to rot
ince is called
e of the pol arized
g ety el cimnahan ane 2
, ol sugak T

certain substi
to rotate the plan
active substances- L
s qolutions
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_— ‘ it is along OD which :Erﬁ_ an angle ¢ witl,
¢ 0 mrough the Evﬁ_m___. the circular components combine to produce a line
vibration whose direction is now along OD. Therefore, the plane E..‘._.sa_“_““
_ has rotated through an angle e. The angle through which the plane of vibration
i« rotated depends on the thickness of the crystal,

41 - Physics |- Chapier § - 167
the optic axis OA. After passing

K
Unpolarized  Plane of ,E#n. Plane of ' ﬂ. -
light polarized  contaiming polarized . / m,..
light sample light L Lo )
(b) Optically active solution . R
Rotation of the plane polarized light, The plane is rotated by an angle
after the light passes through an optically (a) active crystal or (b) solution. 0
Optically active substances are classified into two types. i
(1} Dextrorotatory substances: - [ B
Substances which rotate the plane of izali i | ‘
i ; polarization of the light toward - (e) i
the right are known as righi-handed or dextrorotatory. i @) ,._HE ;
(i) Laevorotatory substances: - - ; Figure ﬁ
Substances which rotate the pl S i circularly polarised light travel through the crystal at
plane of pal ; Left and right &1 ¥ :
left are known as Jefi- handed or _m_m..,.oSEMM_{E_B_E: of the light toward the different speeds. Because one travels more slowly than :.m.n._:mr a phase .m_ﬁm
Fresnel's Explanation: - i . and left-handed light are combined

T een them. When right
builds up between the iways linesr polarization; but the angle of

int, the result is a .
together at any point & shift between the two circular

the polarisation depends on the phas _ .
we refractive indices corresponding to the

the angle of polarisation, ¢. is given by:

A _E_wﬁﬂ ¥ polarised light can be considered q
sed vibrations rotating in npposiie :
\ _r._s.n:u.s Fresnel assumed tha Eh._._n._-...i, ;
the optic axis is resolved intg W cirg
Opposite directions with he same ang
ervstal like calcite, the 1w cirg -
angular velogity, On the other
the two circulardy polarised vib

s a resultant of two circularly
directions with the same angular
arised light on enteringa crystal along  polarisations. If p and i, *are t
ularly polarised vibrations rotating in | right and left circularly polarized light.
ular frequency, In an optically inactive
ularly .E_m:.mﬁ_ vibrations travel with the same
hand. in an optically active crystal |ike quarts

polan

aum:; - )d

material. As a result, the direction of polarisation

where d is the thickness of the

L PO rave] wi T fties
Figure (a) shows Wwith the different angular velocities- :
; = 0w plane polarized 1 ; = spirals around z in space. : ‘ ised light i
Optic axis AB ang splitup _EE_.n .:m& light entering a caleite crystal along the P The cause of this special hehaviour for circularly polarised .__m_z is _r.E
NG CHre ] i ; ral. meaning that they have helical twistin

They are represented b
in the anticlockw 158
the elockwise ¢

ar 1 i . : 100 { .
¥OLand Op OL; :5:9.3 rotating i .”.__u_.._n__m:nn_nnn____.._.:m. | the optically active molecules are clu : e R harded
__”__n_m_..:c: il ..u.m ; 15 the n_-n:_mq_"u.‘ﬁc_uz.mnn_ {nn::.qo_un__.u_u them. }5____ m._._.m_..mn:._...a.n of atoms witha Tm__nn_.m.fn:ﬂ:.._.m. can H_m sl %

15 the ¢ipe tlarly polarised vector rotating 11 helices or right-ha nded heliices. One is a mirror image ofthe other. Now E

. "...n.....:d..___._.:.ﬂn_._u and () helices nol possessy i ircles Jok ot
with the samea an, R st si ; rofate ; g ssessed by rolating circles. I we Lo i
© A 2nrular v aleas 4N simulianeous]y and 1 s propery fhelt L poe ; rs LI
&= ﬂ T __.n.:n_._.v. ._._._ o H... __.._.rn.um._.r C.__..__ L _r._..“_:n... 5 o ¢ mmﬁr_lr.. _““_._._.. SAITHE __._._.-._nw_h.— n_.ﬂ_u.rr.# o T._._.._ s ._.._

and Of will | : en at any : Z . s %
iy ~willL: slong op Hence o q___d subsequent time, the resultant of OL wheel rotating clockwise (rom ::w ’ « different, Ifwe turn round a right-
5 COmLne i ; CIMmgr K B e, 25 1 " i
ibj .?w... ifor ., ' Produce 3 Jiney, vihr z_wﬁ..._:"m from the erystal. the rwo ¢ :_L__E” anticlockwise from the E__._,.;_...h_n . _..nr : 10 po around clockwise as we look
5 L.-quﬂ_.n_. e ..q._” slaly like n.._n_n_._..... # q _.:. AT ey e Hrcciaon L - _._mz_n_._r._._ helixl in which _.Fn..ﬂ“_ﬁ:a._ H—u_.“_..._.”.“-ﬂ”u__uﬂ_ .__“r_.k S, helical n.:r..q_.n.n.:_._..m may
dASE O LB the 1 ST T .“.:..h.._. ) = 4 % s L ."._mu.—._“_ a nghi-he < wilhy : e -
clockwise rotatic HIANZ, the linear), polarised 1 PRK OF iR ng into the helix), then B 12 0, ed light differently, depending on w hether their
companents O rEvels faster ih ned light, the component _.u,,_hm interact with circularly polaris he circulnr polarisation or appasite
EN1E emera FINE gy b ih A . slness as et St s
these two vegiyr “"m.cE Of the ery g1 the .:n_?.rwc.,__.._n component. Whe? of chirality is the same Hand e | reasan for the fwo relretive indicesand.
orvstal, the _m...h_m ”1 04 O is ey, r_ . oatan angle 2¢. The qmm:_aaﬁ handedness. This is the E:au::.":_m “__:. \menon lics at a molecul fevel and
~. T panealyibeation iy - Lz_m O figure (c). Before enterin | _ It s interesting that the couse ©f the phem: e e Py
—— ELA and an. i pystal o = e pmepublication.
C owtrae— d after emerging from the €07 o <Al ab @ ww s ium P
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does not have anything to do with spatial ordering ol ___:__.._T.:_%. This .
; : g : A 11 e ernliide 2 15 W
the phenomenon occirs with liguidds as well as solids. hy

Q.2.  Write short note on Laurent’s hallshade polarimeter. (2
Ans.  Laurent’s Half Shade Polarimeter: - W)
. A polanmeter isan instrument used for determining the optical pyg:
of solutions, When used for determining the optical rotation of syg. .,,._E.__
called a sacchanimeter. gar it js

T X L G L

B B ! ;

._qmﬁ_:-a_
Construetion: -

A polanimete S
! ¥ CLCT COnsists ﬁ__ a __m. =
test held between cragsed N £lass tube for holding the solution ur
half-shade Em,_q_wwmmd_mur.ﬁ_ ?_rﬂ_ prisms. Beyond the ﬂamﬂum: v M.___M:M.a :HM_”
for crossed position _.m_.rm which is used for aceurate] y 9&5.::N the ”__.._.MHH_&E_
by heleny | aut i Lw t from a monochromatic source is rendered paralle
polanzer is plane ?_.,iHMM _.__..u: fhe E._unwﬂ., N. The light transmitted by the
shade plate and a glasg E_um_ﬁ e polarized beam then passes through the half
the solution will he + containing the solution, T eli
a fe solution. The 2

Sleseerey 1o mw ._H.r.%na? on the analyzer N, The _mm:wwmu__m.m_“”mﬂ_ﬂhaﬂ_ﬂmﬁwﬂ

j YZNg Nico] N & ..
rolEtion can be ; -can be roy e
Workdngs measured with {he help of g mhﬁn._n_.__"wwmﬂa o :_..1__ i n__:_ﬁ R
_n“_q.ﬂ._._ﬂﬂmnm.-.ﬂ.

D
15 completely dark sted such that field of v
with the vﬁvm._._..._.-_"._ 4 H”._._ﬁ: ._.muﬂ m_,_mmm nﬂTm ; VIgw
Of view now " and is held in pogigio - 15 fillegd -
SW IHW becomye ._vu__n—n__._. The field C
. um_.__m_n_E,..__.
. nf._

A
P
|
p

7

. e 1 urmineie
cin be apain he chicis Inite

__._H::mr a

rotation of the sujyr =

i s _M_.HMMF___._: The pra Eives H_M.ﬂ optical i

is achieved T} ik ulty in Figure 1

; e Eex £

half-shade _u_,..:r_. 15 vy EEEMM Position for which complete dar

Y using what | uré
1 is known as a L&

ﬂ,—ﬂn_.n_:w:c__._ o
di ey | ty

2=

eSS
ot’s

! _._ AT,

3 uf g vpy
d SEMICH e " EIICIr g,
r 120 A __

.m__.__nn w

Lix haly E
__u_"n_m

i
20l o
E | 5y

T T
5 { __r_..:_.. ACB of gtz cem
Pl Chars 2 21 e Y ! =

Hu s DA, The iy e auis Ofthe _...m_..ﬁ_ phist
. Wave plate ptroduces

r ::_..m.uul —
Setail ap s —e
T Mg . ILLEMQ
—umepulli W_.W_H_l.\..:

patatle] to ke {ime o1

ILSe. 1 Year - Pl

Jifference of [ 80" between e-ray and o-ray p: w,.‘_.._: Phiysics | -
of the glass plate is such that it transmits __wnﬁf_ﬁ_ through i The thickness
the quartz flf weveplite, Ons _E:.:_.. - _.__,,_.ﬂ_.___p._:::__a of light as done by
quartz pliate ACB and the other half through _m._.n_ ﬁ___dx__.__“r.,:__‘ ?_}_.; gl tie
light after passiag through the polarizer is __=nan=_~.=,:,:h _“: A2 Wi e
plate and has vibrations along OP. On passing thro ;L_J L,TE_ ,_:n b
vibrations will remain along OP b il ML SIG L e

iy : e L ut on passing through the quants half, the
_.__w_E__ﬁim will split into e-rays and o-rays. The o-vibrations are along OD and
g-vibrations are along D___.... j..,m half wave plate introduce a phase difference of
i rad wﬂimnn the two vibrations. The vibrations of o-ray will occur along OC
instead of OD on emerging from the plate. Thereforé the resultant vibration will
be along OQ whereas the vibrations of the beam emerging from glass plate will
be along OF. In effect, the half wave plate tumns the plane of polarization of the
incident light through an angle 26.

If the principal plane of the Nicol N, is aligned parallel to OF, the plane
polarized light emerging from the glass tube will pass throu gh the glass plate of
the half shade plate and that part appears brighter. On the other hand light
coming out of the quartz plate is partially obstructed and the corresponding
field of view appears less bright. [fthe principal plane o N, is parallel to OQ) the
quartz half will appear brighter than the glass half. Thus. the two halves of the
plate are unequally illuminated. When the principal plane of N, is parallel 10
AR, the two halves appear equally bright and when it is parallel to CD. the two
halves are equally dark.

To find the specific rotation of
n the position for equal darkness

e tuhe G The reading on the
i the rube is filled with the
awn concentralicn The
nated. The analyzer
mes equally dark,
ed again.

ale reading gives the angle of omtion
on. Knowing the values of 8. 4
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a solution, the

analyzer is first 1
without solution in th
circular scale is noted. Nex
optically active solution of kn
field of view is now partially illumi
is rotated till the field of view beco
The reading on the circular scale is not

The difference between the Wi sC
of the plane of polarization caused by the soluti
and C. the specific rotation is ohtained using the formula.

' i} .
ﬂ.m.r = xC RS | |

In the actual exp

and the corresponding angl
between concentration C and L :
sing the value afth

line figure (3)- U .
optically active substance 18 caleulated.

ations of solutions s tiked
red. A graph s ploned
The graph s d siright
ﬁ__..f.__m.:.. potation of the

eriment, different concentr
es of rotation are deternur
he angle of rottion .

e slope ined. the =

— Trmepublication.n
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re detail at -
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Q3. Describe the construction and theary of Babinet compensaqg, i gy,
plain how the Babinet compensator is used to produce elliptically ), Fizgg
light. . (2014,
Other Related Questions -
Q. Write short note on frings formation in Babinet’s compensagg,,

- el - ¥ . H ﬁ“ﬁvhm”_.
€. Discuss formation of frings by Babinet compensator, EE:
Ans.  Babinet Compensator: -

A compensator is an optical device whose function is 1o COmpens s
a path m_.z..a.qn:r.w. Itis used in conjunction with a polarizer and anal YZET combj.
nation 1o investigate elliptically polarized light. The compensator helps in g
rermining the axis of the ellipse and the ratio of their lengths. Elliptically poly
17ed light may be considered as the resultant of two coherent plane ﬁm_mu&m
M _ww 1H_,_ ”H_ M ,ME_ “,nrq__ .”w .”“.4 _H”:__“_u_ ”E._.om“:.m_ m.:m.n.mcu m. and with an initial path

evice such that ji _.E:E ; “ i E.._ IR g L
. uces & E.EE. EE._ difference of A/4. The total pat
- erence hetween the perpendicular vibrations become 4/2 and the vibrations

recontbine after emerging frof the device to produce plane polacized li
ane polarized light. From

the analysis of this plane ized i i

e analy polarized light, the informati i inci
elliptically polarized light can be otaineg P
Canstruction: - .

. The Babine CoOMmpensator
ABC and ADC. having equal gey
other such that they formg smal]

is made of two wed ze-shaped quartz sections,
‘e angles. The wedges are placed against eash
rectangular block as shown in figure.

(@) C C
: b
Plane of copggey 0 =00 18 figed 4
With dnd n_.._.n o H i
COMbination guy, o the hejp of 2 ticron ther can he displaced n_%mm e
The opiic g, ;. Plate o Variahle 1) At arrangement. T
ind Z__n. _.._H_:_.. axj n\..__-.». C“_. _.__n “..zwn Sep ._u : :n._..._.._.num. ._.a.uw
» b of the Aion 14

e Parallel 1o jts refracting n%_c L
" direction perpendicul®”

B.Se, 119 Yy Phvsi
. atl . T Physies |- Chapter g - 1)
odge. H,_..F Iwo uphie AXes are perpendicular (g vach other ;
HEEE_E_E_. to the incident beam, ;
production of Polarized Light; -

__ln_# plane .E_E 1zed light be incident normally on the face AR of the
compensator. 1 splits into e-ray and v-rdy parallel and perpendicular 10 Ap
rspectively. The e-ray travels slower than o-ray in the first section, singe guartz
is a positive uniaxial crystal. When these rays enler the second section, the e-
ray becomes o-ray since the optic axis in the second seclion is in g direction
normal to that in the first prism, Similarly, o-ray becomes e-ray, Thus, the pao
reys exchange their velocities in passing from one section to the othersection.
The net effect is that one section cancels the efficts of the other

nd also ter the

If d, is the thickness of the first section, and u_and u_are the refrac-
[ b, u,
tive indices of quartz for e-rays and o-rays respectively, the path difference
between the e-rays and o-rays in the first section will be

; b_ HT_n I:Ln_

As the principal planes of the two sections are at right angles, the e-
rays and o-rays change their roles in going from the first section to the second
section, The velocities of e-ray and o-ray are interchanges and if the thick-
ness of the second section is d.. then the path dilTerence berween the rays in
the second prism will be )

A. n_.t_. ..FT_“

As the compensator is thin, the separation of the rays is negligible. The

net path difference between the two rays after emerging from the crystal will be

A=A +4A
A=(p, —p}d +(p, —p, )d, =(u, -, J(d, ~d,)

The net phase difterence is

5=="(u, ~,)(d, ~d,)

A
For a ray passing through ihe centre :_.__d.m compensator W here _._._u n
the net path difference and hence the phase di fference is zero, .__ means :._._:
the effect of one wedge is exactly cancelled by the other. This is frue for g I
the incident vibration is transmitted as such. Plane polarized

avelengths and ;
wavelengt! polarized lighe with i

light incident on the compensiator ..._.___ E.n.,nﬁn a5 u._uzm

plane of vibration parallel to E._._.,: the incident E.p_:. o g

Any desired thickness difference { d.-d, u can be .M_u. e __ﬂ, m._z“ Ay

3f the compensator by moving the second section _q_..,__,__.n :., ” ﬂ_.,"“_..nn.: ey

Mhus » desired value of phase dillerence can be oblaired be i 3
s e the light emerging will be erther plane or circulicd

i __:”. phase dillerence.

republication.in

ays and o-rays. Th : o
Aiptically _:;E_E..._ light, depending ¢
detail ol wiwsswinso
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Thus the compensator has the same n;.nnﬂ.pm .___m._ ol a wave plate of
varying thickness. The advantage of compensator 1s :__m.._ﬁ it can be Arranged
_E:. MEH,. wavelengths while a quarter wave plate 15 designed o syt only one
partic :._3 W ...:.._.,_M:E__m.

Analysis of Elliptically Polarized Light: - . .

Using the compensator, one can determine the characteristics of ellip.

tically polarized light.

L,

B
> B

<

Figure 1
Let the compensator be placed between crossed polarizer P and analyser
A. as shown in figure (1), Let the transmission axis of polarizer be prie nted at
45" with respect to the oplic axis of wedge ABC of the compensator, At

midpoint R the light emergent from the compensator js
same plane as ransmitied by P and there
analvser A, Similarl v. atdistances from th

plane polarized in the
fore it will be extinguished by the
& midpoint for which the retardation
ght is plane polarized in the same
ill be extinguished by the analyser. 50
a series of equidistant parallel dark bands.

15 12,2034,k and the emergent |j
‘plane as transmittad by P and hence w
the field of view is crossed by

. . CENTRE
: : :
! 1 [
i : .
: . :
060D
OLROO)

o .
| DARK BRIGHT DARK NRIGHT RARK
= -13 il a2 A

. __...mwﬂu.mmuu
Al position betwean them, whara

the path difference corresponds 1°

T MATLILE, (B 1)2, the raneiil

] ; u ; &

Tansmits the light n.‘._:,._u_ﬂn_u.. mmw.
“5, the emerging light is elliptic®

) If
& ﬂ“ . H ¥ _”.M”T
e el bang i, g 25 SHown in figure

il
By using , iite Lk SO ¢ dark while others will be .ns_ﬁ___:___r.
central dark band ;g o PTCC the ¢ P

&n odd multiple of Fy
ted light is
these repians will

polarized wyp
white lighy js Li5

iy hereas
arying Parameters of th

S Unidpy i The

micromeler serey, o ._Ur_:., wireand he ._,:_.r,,,::__._n_nq reading is nEE._.. H__.z.
duces a pliye, CLWrOush an ancele « y sator int

ces & phise diffppe, COI T g e nitle such thag g compensalt light

; Sl soetd
e :_E___..___m:n...__u___ polan#tt
Winsomepublication.iv

o B.Se, g {ETEL_..M_E_-_n.r"_v:.l =113
s made to be incident on the compensator T he central dark by

. | and underpoes
1 shift with respect to the cross wire, The compe

. . MEALOR 1% rotated through an
angle a in its own plane until the central dark hang is on the cross wire, The

axes of the incident elliptically polarized | ight are parallel to the oplic axes of
the wedges of the compensator.
phase difference: -

The elliptical vibration can be regarded as made of two mutually per-
pendicular linear vibrations, which are having a phase difference, 5. & can be
determined as follows.

First the compensator is illuminated with white plane-polarised light
and the micrometer is adjusted to bring the central dark _E.ﬂ on ﬁ._ﬁ cross-
wires. The white light is then replaced by elliptically polarised light. The
central band shifis 1o a point where the original phase difference § between

the two component vibrations ol elliptical polarised light is nL.,__,mn:_._ vm_m.:ncn_
by the phase difference introduced by the compensator. This u:mwm. .an.?
ence is determined by rotating the screw until the central dark band is again

on the cross-wires, [T this rotation is @, then

5 & 2

—=— gr O=
Ir o e .

i —— g s
can be found as follows. The compensator is ;.EE.:E& s._” un ..r.ﬁwmwm on the
light and the micrometer screw is adjusted to bring the centra ENH the compen-
Cross-wires. The screw is then turned through an u:m_nﬂnﬂug: A oW Bt A
sator introduces a phase difference of 90°. The central da

. ipti ised light is made incident on the compen-
— pioet ﬂ___vﬁpnm__mmmwﬂm.wﬂhwu own plane until the ceniral dark
i

b Then the SO swires. The axes of the incident light are
FOSS-WITEs.

band again comes on to the ¢
: 5 ensator,
Parallel to the optic axes of the wedges of the comp

Ratio of gye axes: - 2
Form fisure (3) OA and OB :ﬁ_dmm:_
'he optic axes of the two wedgews of the
“Mpensargr. OC is the direction of the q:_ﬂ.
“ipal sectinn of the analyser, DE is the direc-
0N of vibeation of light emerging from _.:M
n.._E_..ﬁ:wg_E at the cross-wires. The _,_qav.r: E
Of the angle ) that the _:.u.:ﬂ._:__“_ u.n._,.__n__,._ :H
the inafyser mokes with the optic axcs m__ e
Wedge pives the ratio of the axes. Thus.

B O

tnd=arh the bands disappear

o gt
y s apalyser u
Uiz determined by rotaling =

IO Tublication.in
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B.Se, 1™ Year - Physics 1 - Chapier 5 . 11y
s he angle of rotation is ¢
and the figld becomes uniformly illuminated. The angle of {
Advantages: - — g
A quarter wave plate produces a fixed E._m....r._u:._.f:.:ﬁr betw rr:uc.wmw
and e-ray and can be used anly for monochromatic light of one particy gy
wavelength, In case of 3 compensator, the phase difference __up”:,_.cnz Ea
can be varied com inuously and hence a compersator, made of combing
of wedges. can be used for light of any given wavelength,

rayy
i

Q4. Obtain an e pression for rotation of plane of polarization Producegd by
an optically active sy bstance,

(2014)
Other Related uestinns -
Q. Define specific rotation, {2018)
Ans. Specific Rotation: -

A measure of the optically activity of a sample is the rotation pro-
duced for a Imm slah for a solid, or a 100 mm path length for o liquid. This
measure is ¢alled thy spectfic rotation, Liquids usually rotate the light much
less than solids. Solutions of solids wif] obviously show an cffect that de-

pends on the concentration of actjve material and, to a sy extent, both on
lemperature and the solvent,

Ifan opticall Y active material s kept be
field of view becomes bright. In order 1o get darkness opee again, the analyzer
has to be rotated through an angle. The angle through which the analyzer is
rotéted equals he angle through whicl, the plane of polarization js rotated by
the optically active substance. Thjs angle
{2) The thickness of the substance.
{b) Density of the material or
(e} Wavelengh of light, and
(d) The temperanupe.

The amoum of rotation @ gy

=g
where ¢ jg oy

Loncentration of the solution,”

used by erystalline Materials is given by

led the rotationg) constang

In sulutions the amount of raarg
B =gpf

where ¢ je the CofCentation and s js o)

The specifie fotation for a piy,
15 defined conventionally ge
of the solutiog oy

n 8 is given by

led the specifie rotatinn,
e Wavelengih of);
the rotatiog produceq by o
Gaining | Emoof optically aciiye Mzt

eht at a piven temperature
ne decimerre fong column
erial per ¢ g, of solution.
Ch Rettatin. -
ﬂm..‘ = _ . fllllmﬁH:IE_IEmmI#F,nm

feC Length in decimeters » EM.__.MI_JII_.:m:.:qH

P WWW, insomg

‘ubilicatiog.in

B.Se. 11 vy, . Physic

Numerical

P Chapter 8 - 115

1. 80 gmofimpure sugar when dissolved in one litre of water Sives an
n.,.,m.nu_ rotation 9.9° when placed in a tube of length 20 ¢m, If the specific
_._.__.w_ ation of sugar is 65° (decimeter) [ emvee)’. Find the percenia se of impu-

.qma;z___,mm_ﬁuqmus_u_u” o (2016)
Sol. - The specific rotation is given by
h 100 = E
_?LH 7S =RE o .
Here, 01 =9.9", a=65%and /=20 cm
PR 0.076gm/ cc. = Tgm / litre
2065

gm in 1 litre i o [ pure
It means 80 gm of impure sugar is dissobve in 1 litre in place of 76 gm of p

Lt ; g3

sugar. Therefore, the percentage purity of sugar sample

”Hﬂlk-ﬂﬁ“@%nﬂh
&0

Hence impurity is = 100 - 95= 5%,
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