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= . Fresnel divided the wavefront into annular

'|-. -
o
'

: ) S ; 4t .
7 oS e sing radii such that the mean distance

int of observation £ increases in steps of

Jﬂ,,i is. whm A 18 the wavelength of
o } es coming from various zones change
":+ one zone 10 the next. FI'EGHE‘ L‘-H"bd
by ﬁ if period zones or half period elementis
._ w ZONeSs, with P as center and radii

=
L

i iam

£ I Wﬂd sone {ﬂ'_ﬁf‘:’i‘f hﬂ”q}}{"‘ﬂ'ﬂd t‘fl’ﬂ'l!’ﬂf,

Ld.._._l-' =y .

"R petween the second and the first circle s

half pcnod zone and so on.

|'

e

AL

a""-":l-.l!\‘: B

3 l:'Jl-:L
= g I
=y =

8
B
. b_._.'.'
-
i r
I AT, 5
| B |.
e
| oo e e, Y j_. -
L] o __._':  J g
=

e

First half period zone
Second half period zone

nth half period zone

;E;.:.' o
",

-

@ Fig. 4.84
ndistance of the first half period zone from £ 1s,
. bab+

..‘
-

B riod zonc s b+ X, of third is
he secon peri 2

ki)

. disolacement at P due to wave coming from the

i '__-..; - )

T .

, ahif '_: .___.'.,;!-F_-._-I._ .: _,:“ _—(vt - x) = ﬂiﬂm(w . ¢) wEE (3)
Gl A

It 1 sily seen that the displacement at F’ due to
' ‘period zone is
o

— Q)+ a3 —ay +'”)Sil‘l((m"¢')
’ (4

or, the resultant amplitude at P 18

by subtracting the area enclosed by the circle of
from the cirele of radius r,.

A= gy «ay¥ay =0+ | N
The Hﬂm!ihﬂﬂﬂhﬂj,ﬂj.ﬂqmm*w_' 2

area of the corresponding zones, (i) the mean distance -
various zones and the point P and (iif) the “bm
reaching P from corresponding zones,

is obtained

(iy Area * The area of the nth halfl”""dmm Pt

Area of nth zone = n(r: -';,1_;)

= nn(b ¥ %T —b’]wn[(h- (";m)’ -4

(* neglecting terms in 32, beng very
small) ... (6)

As area of nth period zone is independent of n, :::
approximation the contribution of each half period zon€

nearly same.

= nbh

(if) Distance : The amplitude of a wave reaching P

depends upon the distances of the ha_lf pcdod zone mﬂ the
point P. As the distance of the half period zm increases from
P with its order, in steps of A/2, the contribution to the resultant

amplitude decreases. | -
(iii) In accordance with Fresnel’s assumption, since

inclination of second, third, fourth, ... half period zones (or h,
p, e5) goes on increasing, the effect of these elements on

intensity of the point P goes on decreasing.

Now, keeping in mind, these three factors, we conclude
that the amplitudes a;, @2, @3, .. decreases !eguhlky and may
be considered to form an arithmetic progression. Thus, we have

A=ﬂl—ﬂ2+ﬂ3*ﬂ4+...+an

ay + 5 @y + ds e
e

ty kg d,
2 923

@ a,

> as —- is negligibly small. s ¥

Hence, the resultant amplitude at £ due t© whole of the
wavefront is just equal to half of the amplitude due to the first

half period zone.

If we place an obstacle at O, of radius less than /b,
the light reaching P will be completely cut off (such that the

. : a
amplitude at P due to the first half period zone 1s only 5 )13

I

——
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4.16 POLARIZATION OF LIGHT

____——/—-—__—-—_—_‘x
Light 1s an electromagnetic wave in which electyi, and

magnetic field vectors vary smusmdally, perpendicular tg gg,
other as well as perpendicular to the direction of propagsio,

of light wave.

In common light sources, e.g., sun or a bulb, atoms are

the elementary radiators of light. As these atoms act
independently, light propagated from such sources in a given
direction consists of many independent waves whose planes

of vibration are randomly oriented about the direction of
- Propagation as shown in the Fig. 4.87(a). Such light waves ar¢
~ said to be unpolarized or polarized randomly.
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. A
Z —- > .
(b) (€)
' Fig. 4.87
15 the property of electromagnetic waves, thought of as the superposition of two polarized waves whusi
: describes the direction of the electric field.  planes of vibration are perpendicular to each other. The symbo
JE = of a transverse wave describes the direction  of unpolarized light is shown in Fig. 4.87(¢)-
opol plane perpendicular to the direction of When unpolarized light is passed through 2 tourmalin®
i "larizaﬁon distinguishes between the different crystal cut with its face parallel to 1ts crystallographic axis AB,
F‘” i olimesame path. Fig. 4.88, only those vibrations of light pass through the
g W ‘waves such as sound waves do not exhibit ~ which are parallel to 4B. All other vibrations are a‘l:ss;ln:u'l:M”:ifL_5
4§ :-=1-..“' = . - : 3 . - . - 1
o ause for these waves the direction of oscillation ~ That is why intensity of light emerging from the iy

plane

on of travel. reduced. | :
. Ing 1 j is said to be
e magnetic waves propagating in free space or The emergent light from the crystal is sa |

aterials of infinite extent have electric and  polarized light. | o
p “The phenomenon of restricting the vibratmnsﬁ of light
ar direction, perpendicular to
lled polarisation of light.
polariser. Thus,
arized when their
clectric field vectors are all ina single plane, called the pme
tion/vibration. Light waves from common sources

-

fj*jerpcndicular to the direction of propagation.

UL i T : -
aonetic field vector (as it is L to E and  (electric vector) in a particul

b ™
el £

o the
.._.n_.r-l:

E can be divided into two perpendicular  spe direction of wave motion is ca
d} | The tourmaline crystal acts as @

fu
-
o

; 63@;;1:1 electric field of Fig. 4.87(a) can be  electromagnetic waves are said to be pol

NG
y v and z components. We can then £nd the net

long the z-axis separately  of oscilla -
are unpolarized or randomly polarized.

Lk
- 5
e |

Tt
T iy

i field 2 ong the y-axis and a '
sshownin the Fig, 4.87(b). Thus, unpolarized light can be

“*
™
T

v

w = - E
J ._I..
B

i
i | SR
RRp it -

i -,

o
; r:'_'._‘ '_f"l._-_
P Al i
L o o , .

s _.
o S T g g e
"-""'"\-; : ,'I"_ e =

TaRE. At

iy
o -y

e
g

. ¥
n. | i, ni LA S N T L L
T i, & _
o R i
- il F\..I-_ql
":'I e
Ll = .

% Il i
R
i

s of pularized
on. The plane

ie plane ABCD in which the vibration
;. £ yibration 1S

ined is called the plane of vibrat!
is perpendicular to the plane O
as the nly zation.

4. ?]ane of polarizat

L
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e

* sati ight and
Experimental demonstration of polarisation of lig

transverse character of light waves

:cati ‘ be
The phenomenon of polarisation of light can

perimental set

demonstrated experimentally by a simple ex 4
up, shown in figure given below. Here, T, and 73 ar€ tw
TE
T, § >
~ A A A N A
/}/ P - 4 - 4
vYVYY L YVYY
I
Polariser Analyser
Fig. 4.88
No light

f tourmaline, cut with their fac }

rystal. A fine pencil of nrdinur}’ llin.ri |
bserved by the naked eye.

thin plates O

source S iS.
u-ansmittﬂd IS0

Polariser

Fig. 4.89

When the plate 7; is rotated about the direction of
propagation of light as axis, the intensity and character of
transmitted light remains the same (except for slight change in
colour due to selective absorption within the crystal). Let the
second plate 75 be placed in the path of light transmitted from
I'y. We observe that intensity and character of light transmitted
by T\ and T, remain unaffected only when Ty and T 2 are set
with their axes parallel, Fig. 4.89.

When 7; is rotated gradually, intensity of light transmitted
from 7, goes on decreasing. As soon as the axes of the two
crystals are at 90° to each other, light is completely cut off,

Fig. 4.89. On rotating 7; further, light reappears. Intensity of
light transmitted from 7 starts increasing, till it is maximum

when axes of the two crystals are parallel again.

.If I:_mth Iy and T, are rotated with the same angular
velocity in the same direction, no change in intensity of
transmitted light is observed.

The phenomenon can be e

lained onl
that light waves are rransverse?{pan, the l?ifg‘;l?j‘slﬁl:gasjﬂe
h.:as transverse vibrations of electric vector lying in all possib] ]
directions. The crystal 7 allows only those vibrations to :
through it, which are parallel to its axis. When the crystal gass
introduced with its axis kept parallel to the axis of 'T'l tzhl:

Analyser

vibrations of electric vector transmitted by 7, are also

transmitted through 75.

However, when axis of 75 is perpendicular to axis of
I, vibrations of electric vector transmitted from 7, are
normal to the axis of 75. Therefore, 7> does not allow them

to pass and hence eye receives no light.

Light coming out of the crystal 7 is said to be
polarised, i.e., it has vibrations of electric vector which are
restricted only in one direction (i.e., parallel to the optic
axis of crystal 77).

Since the intensity of polarized light on passing
through a tourmaline crystal changes, with the relative
orientation ofits crystallographic axes with that of polariser.
therefore light must consist of transverse waves.

1. Detection of Polarised Light

A naked eye cannot distinguish between polarised
m.ld.unp_maﬁmd light. A crystal can be used for making (s
distinction, A calcite crystal or quartz crystal, or a nice
prism (made from calcite crystal) can be used as polars¢’
as well as analyser of polarised light.

V.fhen unpolarised light is seen through a single cr¥s®
accm?m of polarisation. On rotating the crystal, intensity 0
polarised light does not change.
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1 Lkl % 3 I“"HI'HM P

r..;.‘h Py and Py s rotateq, the tran
5” falls from maximum 0 z¢
“p, and P; varies from 0° (o oo |
« ngggr and P, is called anal
ion of Given Light
, the given light throy
£ the polaroid about the
| 1: (.:hange in i'nlt:nsily of emerpe
# .”a is unpolarised,

-t-_i;quhange In intensity of emergent |; ght (with
’;'r'ijfi_' equal to zero), the Incident light ig
artially polarized. .
sntensity of emergent light changes (with minimum
! zero), the incident light is plane polarized
arly Polﬂf' ized,

I 1N Heon
Mol
'O an the
.qun.'rL-HW,_WI
'l‘h"‘ln

g!} A polaroid (Calleg
INcident light and

Nt g,

+ =

ion of Plane Polarized Light

we of vibration :

“The plane containing the
gction of vibration and direction of propagation
flight is called the plane of vibration,”

olane of polarization : “The plane containing the
"‘df'propagatinn of light, but containing no
ibrations, is called the plane of polarization or the

Fr¥e

-:‘ H;‘J 71

II'JE_:
e o ' E
435

R 5T
B L T P
- ™ 4
|'I..|' -

i li ght transmitted from | o

4 Produce

S

o

Circularly polarised

Fig. 4.90

169
Plane perpendicutar to the plane of vibration I8 Qﬂ“gq
the Plane of polarization” el oteas

Hon und Detection of Polarized Light |
I'he o Herent methods commonly used for the mndl.lﬂﬂ@n'

;” Illimm polarized light may be clussified under the following
ST S

(1) Polarization by reflection
(1) Polarization by refraction
(1) Polarization by double refraction
(V) Polarization by selective absorption
(V) Polarization by scattering
() Plane Polarized Light or Linearly Polarized Light:
Inorder to produce plane polarized light, a beam of unpolarized
monochromatic light iy pagsed through a Nicol prism. A8 @
beam enters the Nicol prism, it is split up into ordinary and
Cxtraordinary components, The ordinary component i totalliy
internally reflected at the Canada - balsam layer and 18
absorbed; while the extraordinary component passes through
the Nicol prism. The emergent light is plane polarized having
Its vibrations parallel to the shorter diagonal of end face of the
Nicol.
Detection: To detect plane polarized light, it is passed
through another Nicol prism which is rotated gradually about
the direction of propagation of light. If the intensity of the light

-~

Elliptically polarised
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Phy..
- ?Str_s _
A /rrawﬂm‘;qml and there s a g, :

emerging from the rotating Nicol varies with zero minimurm,
the light is plane polarized. . _
(#i) Circularly Polarized Light: Circularly pﬂlﬂl‘IZﬂ;i-::fhr;
is produced if the amplitudes of the ordinary and extraordl it
rays are equal and there is a phase difference of w/2 orap
difference of /4 between them. Rkih
For the purpose, the ordinary monochromatic llgh't 1?
passed through a Nicol prism. The light emerging'ﬁ'ﬂﬂ:l Nico
prism is plane polarized. This plane polarized light is then
allowed to fall normally on a quarter wave plate such that the
vibrations in the incident plane polarized light makes an ?.ng{ﬂ
of 45° with the optic axis of the plate. When this condition 18
satisfied, the plane polarized light on entering this quarter wave
Plate is split up into ordinary and extraordinary components
having equal amplitude and period. The light emerging from
the quarter wave plate is circularly polarized.

Detection: The circularly polarized light, when observed
through a rotating Nicol, shows no variation in intensity. The
same is observed when ordinary unpolarized light is viewed
through a rotating Nicol.

In this respect, circularly polarized light resembles the
unpolarized light. Hence, in order to detect circularly polarized
light, it is first passed through a quarter wave plate which
converts the circularly polarized light into plane polarized light.
When this emergent light is viewed through a rotating Nicol, it
shows a variation in intensity with zero minimum.

It the given light were unpolarized, it would have

remained unchanged on passage through the quarter wave plate.
Hence, on passing through the rotating Nicol, the emergent

light would have shown no vibration in Intensity.

(7ii) Elliptically Polarized Light: Elliptically polarized
light is produced if the amplitudes of the ordinary and

Quarter wave plate

Plane polarised light

AAAT

R 7.

LA 7

Circularly polarised
light

Y*v¢

(@)

Unpolarised light Unpolarised light

+ +

\ 4 v

Quarter wave plate

: diff.
extraordin HHE‘“L‘&

il gl o
g For the purpose, the ordinary light is pagg q
0 .

emerging from the Nico] ;.

path difference of A/4 between thep,

lhr{'”
igh ,
i

' 1SI71. Thﬂ llght . ; i m g 1. |
Nicol pris This pline pﬂlﬂﬂzed light is then alluwedmm e

(
wave plate such that the Vihras:
normally on a quarter ; Pration, i

the plane polarized incident light makes an ang]e (8
e

L1

450, 90°) with the optic axi§ of thfa plate. WheQ this Conditig,,
is satisfied, the plane pﬂl?rlzecl hgbt on entering the -~
wave plate splits up 1nto Dljdlnary and  extra, dingr |
components having unequal amplitudes and equal perig, ;°
light emerging from quarter wave plate s elliptical ly ,Umhn'f:ﬂf.
Detection: When elliptically polarized light i Obseryeg
through a rotating Nicol, the variation n mterjuait}f 1S Obseryeg
with minimum intensity not zero. The intensity s Maximyp,
when the principal section of the analysing Nicol is paralle] ¢,
the major axis of the e_lliptical vibration and minimum When
parallel to the minor axis. The same is observed when partially

plane polarized light is passed through a rotating Nicg|

In this respect, elliptically polarized light resemb]es the
partially plane polarized light. In order to detect the elliptically

.l

polarized light, it is passed through a quarter wave plate before

. passing through the analysing Nicol. The quarter waye plate

converts the elliptically polarized light into plane polarized
light. So, when the light emerging from the quarter wave plate
is passed through a rotating Nicol, the finally emergent light
shows a variation in intensity with minimum intensity zero [Fig.
4.91(a)].

Analysar

Variation

In intensity

Nebit » with minimum
intensity zero

Analyser

No variation in
Intensity
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m were parti
R ally plane polarized_ i

»d unchanged by the quarter wave plate.
m the rotating Nicol. the emergent
. u,:_ an In yariafion in mrgng,n with mi

-~
. S
7o A

'-:'r

[ﬁgA 91(h)). "R
REFRACTION
gpasses through all transparent crysta ey
e b cept
mging 10 the cubic system, 2 Phenomenon is

i w refraction. Erasmus Bartholinu, »
‘ ,_5 _ ‘lmdlscovered that when aray of ordinary

yon a crystal of calcite or Iceland Spar
sum carbonate). it splits up into two refracted
“nmﬂfﬁhss The crystals havi ing this

h be doubly refracted crystals and the
plled double refraction. This phenomenon is
se of anisotropic nature of the crystal, and

_—

" Doubly refracting crystals are divided m‘m < ok :
axial ones. In uniaxial crystals, one of the L
the conventional law of reﬁ'act:m in particular, itis iﬂﬂw m{
plane as the incident ray and a normal to the Mﬂg th&:.
This ray is called an ordinary ray and is designated by poil
symbol O. For the other ray, called an extraordinary | “3’
(designated by ¢). The ratio of sines of angle of incidence an¢.
the angle of refraction does not remain cﬂﬂmmm anglf'r
of incidence varies. Even upon normal incidence of light on. y
crystal, an extraordinary ray, generally speaking. deviates from

a normal uniaxial crystals have a direction along wmchotdﬂ:g -
and extraordinary rays propogate without separation and |

the same velocity. This direction’s called optical axis of-_ih?’
crystal.

A plane passing through an optical axis 1S called a
principal section or a principal plane of the crystal. In some
crystals one of the rays is absorbed to a greater extent than the
other. This phenomenon is called dichroism. Let a ray ‘_’f.
ordinary light be incident on the calcite making an angle of

i
-| ¥

.: ;_'5_.

—;,

Bicaie. L my has refractive index B =———=4d
3 vef sin,

L i
.I
e .
v W
- | T, =
B "
s . TR
o S b
- e o Glagy
o W 5 = T
5 i . £ i
b k. iz el
£ [} '\.'.-_ A -
- ¥ . 1
e Ty s ot
SRR g d L i
! oy ) gl
= o !  ; ¥ - A T
e - ] s Ty . iy ] ’
- : . - it L h: “ly ] el = Ll ¥
- s . . i o T R s b
e 1 5 = ] -: = o - g ; X T el ] V¥ s a 5, e ¥o
B Roenie : L b P RN S R e A R e e
i g ] b bt i 5 M F - bkl P [ T ISRk
. P g . 4 X s a O] e [ i T
A -t . ir P A R T o e ok R e
S bl P ] T i g T Al el TN II-'-.- e et e A
i e L i : : ; 1 e B P e = T B A
L W ] i ; i oo BTl 2 A ¥ .-'.-'-"-P. -..,:-_ v )
A aE e LT A A s D ol ST T I_-T:-I':.:I.-\.- g
[ o n N T AT e A et b :rn_:'ﬂ-\.'; w0l

ction > and along BD having the angle of
h two rays emerge out at CE and OD
o leeachmhcrasshown in Fig. 4.93.

onimy ray and the other as cxtraordmary

hcﬂcﬁc crystal by quartz too.
Quarter wave plate
Plane polarised Analyser
;. Variation in
intensity with
C‘ » minimum
intensity
zero
QuarEr wave plate (@) A
Partially Partlally Polarised Analyser &
pianes plane light Variation in _
intensity with fe s
C‘——-) minimum | |
intensity | 5
not zero
Polarised v
ight
. Fig. 4,92
*wﬁwﬁl along two paths along BC, having  (constant as for certain wavelengths and obeys the laws ¢

refraction). The extraordinary ray does not have the 1 ef

il e ety
- 4 Tl

Sllll

i ’l'- 2

index constant, its refractive index p, = e (?mes m
| 2 e g "“1
angle of incidence). | DO gk 208 e
VIRDEe Yra
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In case of calcite pio =~ Hes | will be les

for the ordinary ray inside the crystal Wi ray. AS
to the velocity of light for the me?rd}::nlze tie ve
constant, it varies with the angle of nct ’

- n di irections,
the extraordinary ray is differentin different dI

depends on the angle of incidence.
rays, ordinary as well 85

It has been found that the . f the
L] " Ons ﬂ

extraordinary, are plane polarized. The wb}' = tion of
. he princlpal sectl

ordinary rays are perpendicular to t : are in
crystal, while the vibrations of the Exmntﬂlﬂar'lgh:la:s we can
the plane of the principal section of the cr_ysta < ns!beiﬂg at
say that both rays are plane polarized, their vibratio

right angles to each other.
_——/—
ALF-

4.18 QUARTER WAVE PLATES AND H
WAVE PLATE . . o GHGTIREE

Quarter Wave Plate

A quarter-wave plate consists of a carefu o
thickness of a birefringent material such that the light associa |

1.6 it

Ily adj usted

with the larger index of refraction is retarded by 90° in phase

faces are cut parallel to the direction of optic axis, so that it
produces a path-difference of ), /4 between the ordinary and

extraordinary rays of light. Let the thickness of the plate be ¢’
and the refractive indices for the ordinary and extraordinary
rays are po and p, respectively. The plane polarized light is
incident perpendicular to the surface of the plate. The ordinary
and extraordinary rays travel along the same direction but with
different speed due to difference in refractive indices. So, the
path difference introduced between the two rays is given by :

For negative crystals, (e.g., calcite) path-difference

= (Ko — He) X (D)
For positive crystals, path-difference

= (e — Ho)? ...(1a)
Thus, to introduce a path-difference in negative crystals,

(Ho — He)t = A4

the smal ler 1N
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The quarter wave plate finds its applications it the
productions of circularly polarized and elliptically I’*@?I“”E‘ﬂ

light,
Half-wave Plate

| It is also a plate of doubly reflecting uniax -
caleite or quartz of suitable thickness with its refracting s
cut parallel to itg optic axis. The thickness ‘7" of the p!;ﬂtlj:
such that the ordinary and extraordinary rays have -

difference of /5 (half wave) after passing through ("¢

:
ial crystal 0
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For negative crystals, path-difference - Gt
or pgslﬂ\"ﬂ crystals, path difference Cibeetg) ;‘0 le)t and ( ) 3 )
path-difference of half wave in g Negative crystal betwe ah Ho =W = Bt E 2, )
(he two Tay> s,

|
| Optic Axis

Polarizer '
Fig. 4.95
And in a positive crystal, 7= A ) Fig. 4.96. The optical rotation can be detected as follows. If

21, —H,)
When plane polarized light is incident on a half wave

plate such that it makes an angle of 45° with the optic axis
path difference of A/2 is introduced between the ordinary and
extraordinary rays. The emergent light is planepolarized and
the direction of polarization is rotated by A/2. Thus, a half-
wave plate rotates the azimuthal of a beam of plane polarized

light by 7/2, provided the incident light makes an angle of 45°
with the axis of the half wave plate.

i Polarizing Sheets

Polaroid or polarizing sheet is a trade name for a plastic
dichroic absorbing material used in sheet form and the best
known of which is tourmaline. Tourmaline is the original
dichoric polarizer. Polaroid is the name of the plastic sheet
nvented by Land and is called polarising sheet. Tourmaline
isadichroic crystal which was used as a polizer or polarizing

I__Shee_t' Polaroid is a doped plastic used for the same purpose.

-""--—_____________

419 OPTICAL ACTIVITIES AND
A
— APPLICATIONS _

When a beam of plane polarized light propagates through
* Quartz Crystal along the optic axis, the plane of polarization
Sleadlly tlll‘lil::“. about the direction of the beam, as shown in the

two polarized sheets or Nicol prisms are held in crossed
configuration and if a beam of unpolarized light 1s viewed
through them, the field of view appears to be completely dark.
Now let a quartz crystal, cut with its faces perpendicular to the

optic axis be inserted between the polarizers such that light is
incident normally on the crystal.

The field view now appears hit up indicating that the
light is not cut-off by the analyser. In order to cut off the
transmitted light, we find that the analyser is to be rotated
through a certain angle. The experiment establishes that the
plane polarized light produced by the polarizer remains plane-
polarized while passing through the quartz crystal, but the plane
of polarization is rotated through an angle. This angle is the

angle through which the analyser is rotated in order to cut off
the light totally.

The ability to rotate the plane of polarization of plane
polarized light by certain substances is called optical activity.

Substances, which have the ability to rotate the plane of the
polarized light passing through them, are called optically active
substances. Quartz and cinabar are the examples of optically

active crystals while aqueous solutions of sugar, tartanc amd e
are optically active solution and liquid.
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