¢ 6.1. UNPOLARIZED LIGHT OR QRDM_Y_HEE e ‘"-m.l}f“'-'“"" “‘1:;:;:( “‘;:::- :'l.r:}lrnmm__h'
“HWA{‘_'::;"?""R to electromagnetic thmr;. t::t‘:': ':?fl.:f:_ﬂ:,;.kf1 .\'if‘-'fi ’;:j";f f;' L r "”lrrr:"
ey L ) ot e cn 4 e

The electric ficld is represented by an clectne VECHN
E,“"d magnetic field is represented by the magnetic ‘ﬂu“l
B. It has been observed experimentally that all ul:::.‘t‘k"
effects of light are produced by electne veetor ‘_‘_.
hence light is represented by the clectric vector b ‘T‘T“‘
amplitude of electric field vector is very large as comparet
to the amplitude of magnetic field vector (Eqo= cBy)-
Moreover, our eye is more sensitive to electric field Vector
than to magnetic field vector).

Light is emitted, when an electron jumps from t
an excited atom. A source of light contains millions

after 10~ 8 seconds in all possible directions. So, an ordinary hig

E keeps on changing its direction in a random mannef. O LIGHT
+ 6.2. REPRESENTATION OF UNPOLARIZED AND POLARIZED ==

An ordinary beam of light contains waves \'Ebrallpg mn
the direction of propagation of the beam of light 1S perpe =np S Y
vibrations are in the plane, then it is represented as shown in Fig. 0.~ R —

As these vibrations can be resolved into any two planes muluall;_s; p‘;;geg gl vibrat?::he'r
ray of ordinary light may be regarded as consisting of two sets S, g i

v < - . 0 one
direction and the other at right angles to it (Fig. 6.2 (b)). Ordinary or unpolarized light is TePresenteq
as shown in (Fig. 6.2 (¢)). Arrows represent the set o

f waves vibrating in the plane of paper while g

3 3 1 < r.
represent the set of waves vibrating perpendicular to the plane of pape

o

T
p——

A v P %,

only.

Fig. 6.1,

level to the lower energy ey

ik hef cﬂergy i
he hig Each excited atom emy

of excited atoms.

el o

. p ‘.'lgh‘
ht is unpolarised i.e., the electric ey

all possible planes with equal Probabiligy X

ndicular to the plane of paper whi\e :

»80 4

DIRECTION OF
DIRECTION OF \ PROPAGATION OF
VIBRATIONS . LIGHT

(a) B () )
Fig. 6.2.
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6.3. POLARIZA
3,,—.—__“\\
ON OF LiGHT

The phenon
¢y -
1 q.! re

.. : Srins
. dt’t‘”""‘ﬁ"m vector EY in Wiy

the vibrari
e vibration of light (i
-

s a partic
yendicular ticul o
- pert ar 1o the direction : ar direction in a plane XY is the plan®
- gpown as polarizati . of propagati ) s B i
{; kn 4 Zation of light pagation of light is of vibration
he { 1 5 ) :
k _)Pl ne in which the vib o) %
. b — 1brati
yector E takes place ; ion o S
i H r, th Place is known as py f electric field XZ is the plane
owever, 10 P’ﬂ?rc as plane : X of polarization
perpendic of vibration
cular to 1} .
1 > i %
. '"Im"‘ “j vibration Z
Fig. 63.

js known 45 plane of polarization (Fi
A ‘]g_ (-'_3\"

k.

_ A.PL
‘. L?_____ ANE CIRCULARLY AN
D ELLIPTICAL POLARIZATION

s only in one direction in a plane,

plane polarised light, the

ection of the propagation

d by arrows as shown in

: Plane polarized Li

; heei ) Light : When the electric fiel B

 then the ight is known as linearl . ield. vector E oscillate

. prations of siecifin senu EM: ?Olanzed light or plane polarised light. In

of light. If the vibrations of E dlong one direction perpendicular to the dir

: are in th

' figure 6.4(). If the vibrations of < ey plane of paper, they are represente

| 4ots as shown in . of E are perpendicular to the plane of paper, they are represented DY
A(b). Thus, a plane polarised light is represented as shown in figure 64.

(@) (b) |
Fig. 6.4. (Plane polarised light)
arized light is half the intensity of unpolarized light.

3 It may be noted that the intensity of pol
", Elliptically polarized Light
B e —————

Ifin a polarized light, the ele
elliprical‘ly polarized light. In th
E periodically but the magnitude of ele
'Elliptically polarized light is represen
¢ circularly polarized light »
If in a polarized light, the electric vector E Jescribes a circular path, then :
known as circularly polarized light. In this case, the direction of oscillation of the electric vector rotates
i i same. Circularly polarized light ¥

periodically but the magnitude of electric vector remains the

light is known as
¢ vector rotates
minimum limits.

: o 4 : .
ctric vector E describes an ellipse, then the polarized
lation of the electri

is case, the direction of oscil
ctric vector changes within certain maximum and

ted as shown in figure 6.5.

the polarized light is

6.6

'5 represented as shown in figure 6:0-
/ Fig, 6.6.

Rio. 6.5
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. 6.5. p -t e T — orns -
--—-—FT9.EA_’EJ§EI}QN BY REFLECTION ce plane polansed light, 1y,
(81 K1 nt o i T A = " i i 3 Oy 2 & My
discon N-: ‘lx}l}m”‘ by retlection in the simplest "MIMII . \[\Iu'n a beam of ordwnary lighy jo e ”l”“*-i
2t i L Malus i 1806 Accordig o "_-L‘ us nally Iml.llht‘d he degree ey W
Hparent mediam (Jike glass), the reflected light 18 Paree I

of .

ane polansed at 4 ..., PO

depends [most plane po 4 cep.

" vl 3 i len e e v s oadm * = diyy . ]

inCidence lI| the :HLMLIH angle. The reflected lght t” we), called angle of I""I”n-'iﬂllull mj gy
Sodepending on the ne » of s retlectung suth Yo ;

angle of (e ! ¢ nature of the gy ple

s I8 §7-5°. The \'lhf'ﬂﬁml.& ( )ariv'.g

med The - arse for ordin sce the reflen ’ .
polarised ro tum. The angle of polansation cidence and hence the reflecrey li} th, h Iy,
B flected light are perpendicular to the plane of P R iy P,
& Pf'lml‘-pn."m-i ol | Pt U

Sed in the plane of incidence.

Experiment e " i
Consider & hase & . o L »0 on a reflecting surface AB of

mcdium\. 'Itit:[r :‘!lu:k;i‘l:;:ln-i “r,d;',",";v light mm{{tmfig.i:l-?lf l}ugn:nlnlinc crystal C (Fig. 6.7) iy, Ih; I:-:':}“‘Piun,,

reflected light ang I%mut!? ?"i-tflL.L.I.ullfmg Q R -;L.I\{u The of ”:"

vVaraton in the ingensi '“,“l.'\ why 5"'! about Q A “<ithiat R ¢
the reflecteq "l.”““‘_-‘“.\ of transmitted light indicates -
tourmali o _1Ehl' 'S partially polarized. Now fix ll
aline crystal in the position of maximum intensity. N«

li ‘};T gf]c the :m_gk. of incidcncc of the incidcnll hcumﬁ of & \

AgB DY changing the inclination of the reflecting surface N

Wll the intensity of the reflected light after transmission S -

<

C

B

1h!‘011gh the crystal is zero, The angle of incidence at which Ny
this occurs (i.e.. the plane polm-ished light in the reflected %
beam 1S maximum) is called angle of polarisation. If the g A
tourmaline crystal is rotated about QR, the intensity of the
Fﬁﬂ_CClt:d beam after transmission through the crystal
WHECS between maximum and minimum twice in each
roltion. It is maximum or minimum depending on
whether‘ the crystallographic axes of the crystal is
perpendicular to or lies in the plane of incidence. This 8
shows that the light vibrations in the plane polarised
reflected beam are perpendicular to the plane of Fig. 6.7,
incidence. This is the simple method for production and
detection of the plane polarised light.

Explanation. The production of polarised light by reflection from any transparent medium (g)
say) can be explained as follows. Has,

Any vibration of an unpolarized light beam can be resolved into two components, one along ¢,
horizontal plane and the second along the vertical plane. Thus, an unpolarized light may pe oty

v

4+
<«

Ty

into two plane-polarized light beams at right angles to each other as shown in the Fig. 6.8, Hemglrﬁd
horizontal component is E,=E cos 6, which is shown by dot and the vertical componen; ies

E = E sin 6, which is shown by an arrow.

A
Ey=Esin b == on
e I
i Ex=Ecos8 l
v
Fig. 6.8.

Let us consider an incident beam AB falling on the surface XY of the glass slab. BC is the reflected
beam and BD is the refracted beam (Fig. 6.9 (a)). The incident beam can be resolved into two
components, one parallel to the plane of incidence and the other perpendicular to the plane. The light
due to the perpendicular component is mainly reflected but the remainder light mainly because of the
parallel component is refracted into the glass. Thus, the light which is reflected by the glass is partially
plane polarized.
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As we g0 on changin
and refracted beam is g 0§ :;I:cSh
component. This reflecteq be;; own

Fig. 6.9
an < \
gle of incidence, a stage comes when the angle between the reflected

m alth M Fig. 6.9 (b). Thus, the reflected beam consists only of one
ot right angles to the plane of incid augh of low intensity is plane polarized with its plane of wbmtml;s'
- plane P olarized is known as th en?c' The angle of incidence for which the reflected beam is c'nrrrplf’ft’ ¥
l;:??crr glass (n = 1. 52) this‘ c p‘_’lﬂnzing angle (6,)). The refracted beam is partially plane poian.zed.

ince the refractive inde ;l‘lg]e 1S 57° which varies slightly with the wavelength of the incident light,
* + Cepends upon the wavelength. Thus complete polarization is possible with

only monochromatic light and 0 : thee S ilv be
verified by an analyser. Ot with white light. The polarization of the reflected beam can eastly

+ 6.6.BREWSTER'S LAW
— —

Sir Brfnzseter ];' I811 discovered that there is simple relation between angle of polarisation and toe
JEEaitve HEER 0 the medium, According to Brewster the refractive index of the refractive mediun is
numerically equal to the tangent of the angle of polarisation.

ie., n = tan Bp (])

where 8, is the polarising angle. This is called Brewster’sLaw.

A direct consequence of this law is that when light is incident at the polarizing angle, the r eflected and
rqfrac:ed rays are mutually perpendicular to each other.

Let AB be the unpolarised light incident at the polarising N

: c
angle 8, on the boundary XY separating glass and air (Fig. 6.10). 4 i
BC is the reflected ray and BD is the refracted ray. The reflected s o
ray is completely polarised whereas the refracted ray is partially op 1P,
po}aﬁmd. sin 6 - X BN/ 90° Y
2 ID waw
According to Snell's law, n = — 5, (1) | e
I
sin @ :
' = = ol Z
According to Brewster’s law, n = tan 0,= c0s 6, (2) » .
From (1) and (2), we have Fig. 6.10.
sin er = COS Bp = sin (90 —-Gp)
° 0 + 6= 90 _
or 6, = 90°—8, or Yp * Y -

incident at the polarising angle.
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¢ 6.8. MALUS LAW mitted

v ized ligh
This law states that the intensity o/ 1 he \unw.\.\w:m.ﬂwmaw. of the
through the analyser varies as the Square of the ¢ d the plane of the
between the plane of transmission of the analyser an
polarizer:

In Fig. 6.11, let OQ = A be the amplitud
transmitted by the polarizer and 6 be the angle between
the polarizer and the analyser.

Resolve A into two components :
(2) A cos 0 along OV (ie., parallel to the plan
o g OV (ie, p

o n m
Qmu bmﬁmm_ﬁo:mow (i.e. perpendicular to H?wEmno owﬁr
‘ransmission of analyser). .

jons

e of the vibrat ¢

the planes ©

e of transmission

Only A cos © componen; is transmitted through the analyser-

1 ke
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\ ::mnm:w of the transmitted light ﬁ.;.oamv the analyser
= (Acos0)’ = Aco g

» >~ = 1o (i.e, intensity of incident polarised light).

: 1= 14 cos® @ -0
which is Malus law.

() When 0 = 0 i.e, the planes of polarizer and analyser are paralle], then cos 9= €08 0=
Hence I =l

(i) Whe O = W, the planes of polarizer and analyser are perpendicular to each other, then

e s @ PP, tesnd Therauch ec—.ﬂh
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we know, B e

gince 11 is constant for () v
«al 1S same in . , IRy &
oy Ef ye, the s -.ln d!’ "I'rck‘liu nd hence the «pee
prcit” Speed of E-ligh MS. But ag peed of O-ray 1n a N
. ections. n a cryyg vanies for E-hght ‘- OPTIC AXIS

al is differe
A 5,10. CALCITE CRYSTAL ifferent in ifferent
TYSTAL

A calcite crystal also kng
,-f.ffbh’ as well as ultravioley i . 1
: s Y

as icela :
hi. ts cher _t\nd spar s transparent o
nucal composition is calcium

3) and oceury ;
urs in n;
. ak . 5 nature 1 .
ich break up into s ¢ in differe
wh P mto simple rhombohed il
aron

h of six faces of : :

fh of X GEES o the crystt . paenr e 15013

g* and 102" nearly. At the A parallelogram whose .1 =

A and B (Fe: 6:13Y, & wo diametricalls opposite t‘ﬂnz. . Mr

_ &- B13) the angles of g > corners such
obtuse. These comners are ¢ ::ls of the three faces meeting there

- : le

remaining six corners one of the a dlbm."t corners. At each of the :

wo are acute. ngics 1s obtuse whereas the other "
Optic Axis Fig. 6.13

There is a particular directi
e;ua-ordmary rays is the Samgt}?;:’ ‘I;gouEh 1h_3 calcite crystal along which the speed of ordinary and
" €., ;‘;ﬁc’;’c\\;hl.ch there is no double refraction). This direction is called
P = s xis. For example, a line passing through any on¢ of the
| 109° == _corners (A and H) and equally inclined to the three edges
5 % meceting there, represents the direction of optic axis. Any other
oA line parallel to it is an identically equivalent axis in all respects.
| ' Principal Section or principle plane
| " o109 _ A plane containing the optic axis and perpendicular 10 the
: : -8 pair O_f opposite faces of the crystal is called principal section or
%Fg!.so o H principal plane of the crystal. ABHC is the principal section Or
. plane for the side faces of the crystal as shown in Fig. 6.14. A
Fig. 6.14 principal section always cuts the surfaces of a calcite crystal in a
parallelogram having angles of 71° and 109°.
1__6:11. TYPES OF CRYSTALS
Uni-axial Crystals Crystals are classified as either uniaxial or bi-axial crystals.
Crystal such as quartz, calcite, tourmaline, ice and nitrate of soda 1n which there is a single direction
cnown as tl_le optic axis along which all waves ar¢ transmitted with one uniform velocity while in any
ther direction, there are two velocities of transmission are called uni-axial crystals.

.__Bi-axialcrystals

in which there ar¢ two directions of

The crystals such as borax, mica, 10paz aragonite and selenite
bi-axial crystals.

ne uniform velocity (i.e., they have tWO optic axes) aré known as

r_E.'IZ. NEGATIVE AND POSITIVE CRYSTALS
negative crystal and positivecrysral ;
stal, the speed of ordinary ray (v,) is less than the speed of an

e v,> U, Thus, the refractive index of a

Uni-axial crystals are of two types :
Negative crystal : In a negative cry

, ¢
ctra-ordinary ray (V) Since, n = 73 50 e < Mo becaus
les than for ordinary ray.

gative crystal for an extra-ordinary ray is
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206 pinish wove & O iy
—— ceysial A

: . pegative \.

The example of 3 megative crystal B caleite. 10 & 1

. o8 A wis
: + i all EECIR - 0 the ve
V) The speed of () ray 1s comtamt i all 4 i and equal 10 the ve iy, o
() The wpoed of E-ray varies with Surecto® it ‘- 1ar 100 thE pplic axs dy,
X s vi i o Py 1L Y

the OPUC axis 1t i mavinmem jo a diection ¥ ™ nat of E-ray (Le.ng > n,) i;.!

L) The refractive ides for 04
Positive Crystal

In a positive crystal, the spoeed of

)18 £

]
andinary ) (.

LA

Y (4. Since, n = ! because 1, >

)"l.‘ﬂ" 4.

c“fﬂ'“ﬂlll'ﬁll) ray 18 greater than fin ondinany ay
In a positive crystal

. . ctions.
(1) The speed of O-rays is constant in all dires

along optic axis. It is minimum in & direction perpe

- 5 " x VR o B R yan that
(ii) The refractive index of E-ray 1s greater ¢

+ 6.13. POLARIZATION BY DOUBLE REFRACTION
s split into O

The ray of ordinary or unpolarized light 1
doubly refracting crystal. Both O and E rays
each other. Thus, polarization of light by doub
light normally through a pair of caleite crystal and rot
The following phenomena are observed :

(1) When the principle plane of the tw

re seen (Fig. 6.15 (a)). These
displacement produced by each crystal when used separately.

ceater than the speed of an
Oy

s, the el

The example

= e maximum
) i ; seliofn. Itisn P
(4) The speed of E-ray vanes with the direct adicular to the oplic axis.

of O-ray (i.e.n, > n),

o crystals are parallel to each other, two images
two images are separated by a distance equal tq y Su] g g

'
active ndex of a I‘“’*ih\f "._1*

hy "
of a postive crystal ¢ My l,
‘ ql-ll"-lIf i

3

and is equal to the
! Veloe
Xt

J 0f [}
f!

and E rays when it 5 .
are plane polarised having vibrationg

le refraction can
ating the second crystal about incidey i

ol gy,

be demonstrated by 4)) Owin “ditu;&_"';

fay & a;?

m of u.‘l

mes the extra-oridnary of: the second and vice-versa.
(iif) At 180° rotation,

single image at the centre,

(i) At 90° rotation, we again‘-have two beams but the imag

pr4sas )
'RE +++ S -
p o T B
Ordinary / " /
light / /
444
) REZ) 4440
. o vV Yy E1
L™ ) St
Fig. 6.15,

es change roles. The ordinary of e

) ( the .prjl']ciple planes of the two crystals are once acaj
but having optic axes oriented in opposite directions, The irmyage 0, and E]agam ko

come together to fom me

provided the crystals are of equal thickness (Fig. 6.15 (b)).
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7Z.12. Nicol Prism

It is an optical device
used for producing and
analysing plane polarized
light. It was invented by
William Nicol in 1828.

When light is passed
through a doubly refracting
crystal, it splits up into
ordinary and extraordinary
rays. Both these rays are
plane polarized. The nicol

B e e W B W® wems -

&
4

4

68°

YTig. 12

O-ray
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) x =k Y - .

: s .. made in such a way that it eliminages one of } —
' e

o 1° ' is eliminated ¢ g IWo ray al ;
Fflgﬂ:i that Q-ray 1€ , i—. E-ray is transmitted y} WS b total interny) reflection. It is peneralls
™ icol prism is constructed frop, , s wough the prisy, ~ .

 faces of the crystal are cut syc, that {

: : he angles ; ot
e en §109°. T he crystal is then cyg slon EI€S In the principal secti
f e ented together with 3 | & the diagonal, e
0 pen cem & ayer of canada balsam

qﬂd Ve indicies for the O and E-rays for calcite [teo =

¥ { is clear tha.t canada balsam acts aS a rarer medium f;
o-ray o reafchlng the layer of canada balsam is tota]ly ref] ok
mhe™ " urface is greater than the critical angle which : btcled tle
palsd - transmitted through the prism. The fyce g lsha out 69°,
P letely absorbed. The E-ray coming out of the prism is cl
m | section. Thus Nicol prism acts as 3 polarizer. ) p

nearly three times its breadth

' n become 68° and 12* nstead

l\\lo cut .kur‘l‘acch are grounded and polished

l-ﬁsg‘mxlh]ot;ci ’r]cir;tcli.‘t'c index lies between the
= and i, = 1 .486)

Y and denser medium for E-ray.
Cause the angle of incidence on Ii;c
. ‘Thc E-ray is not affected and is
O-ray is incident is blackened so that it is

Y ane polarized with vibrations parallel to the

ncip? ism i i
- Nicol prism is the most widely ysed

— . .
sive and have a limited field of view of Ebg:z;% (!I?}:IC& Nicols are good polarizers but they are

(pen - 1Iey cannot be used for highly
ghly convergent or

A\

The Nicol pr;:lfn tl:a;; behflstt;:d both as g polarizer and an analyser. When two Nicols are arraneed
aaxially: {hie Tprat IS0 B WeHin: pro:duces plane polarized light is called polarizer while the second \'i:ol
" hich analyses the incoming light is called analyser. .

2 . . g o

when unpolarised light is incident on a Nicol prism N,,
nd has vibrations para}lel .to 1ts principal section. Now this is made to pass through a second Nico! N-. the
rincipal section of which is parallel to the principal section of N;. Since the vibrations of light incide;n on

N, are also parallel to-its principal section, therefore light is completely transmitted through N as shown in
ﬁé. 13 (a). The intensity of emergent light will be maximum. o

the light coming out of it is plane polarized

Now the Nicol Ny is rotated so that its principal section becomes perpendicular to that of N, as shown
in fig. 13 (b). The vibrations of light incident on N, will be perpendicular to the principal section of N, and
hence no light is transmitted through N,. In this position, the two Nicols are said to be crossed.

T B ™ $ % "
v v v
(a) N,

; R B il \NL'ht
+H- b (s
N, (6 N
Fig. 13

make an angle 0 with

' | nor perpendicular but
and N, are neither parallel nor perp S i

e intensity of transmitted light from Nz wi
d minimum values.

When principal sections of Ny
¢ach other, then according to Malus law, th
s’ e, the intensity varies between maximuin an
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polarized L8
7.13. Circularly and Elliptically polariZ
4 vector)

vibrates along a fixed g,
vecter (€ bt vector remains unchan,,

lehy I
Wh, "

FImpose . I
| waves are superimposed. then Unde, iy
: '_

lectric fiel |
entation of ]

In the plane polarized light, the ligh | -
- \ » ! . ' e " 1 -
perpendicular to the direction of propagation ¢ the of

' o - e polarises _ g s s \
magnitude undergoes variations. When two pla o Jitude of light vector FEMAMS constyy, - aiy
conditions, the resultant light vector may rotate. If the mag!

ight 18 said 1A
, circle and the light is said 10 b, i il
. . - . . , “.- i . I r
orientation varies regularly, the tip of the veetor fraces :  of the resultant light veetor vary Yy
polarized. If, however, both the magnitude and t tatic Yothe

1‘ \‘1( [t N L sl h. . Py La!k lu . } ' |

he orien
be elliptic
ormally on @ ¢

5 i . vt ardn n
LAPpRe A b of g poLtones et Im“'iu“ ight of amplitude A make an angle g ... “t
parallel 1o the optic axis. Let the vibrations of the incident lig ST wiy, b
optic axis. !
P

: w N ]
J 1 ~NL ==/

N
|

(a) (b)
Fig. 14

On entering the crystal, the amplitude of the incident light wave will split up into two componep

A cos 6 along PE and A sin 6 along PO. The component A cos 0 having vibrations parallel to the optic ajg
forms the E-wave and the component A sin ¢ having vibrations perpendicular to the optic axis forms the
O-wave. The two waves travel in the crystal along the same direction but with different velocitie
[Fig. 14(b)], the E-wave being faster. Thus a phase difference J is introduced between the two waves wh

they emerge out of the crystal. The value of 6 depends upon the thickness of the crystal.

Put Acos@=aand Asinf=»b

The displacement of E-wave along x-axis at any time ¢ is given by  x = asin (@ 1 +0)

The displacement of O-wave along y-axis at the same time ¢ is givenby y=bsinw ¢

From eqn. (i), % =sinwt

cos wt = \}l—sinzw -
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o | =

=sinw fcos § + cosw rsind

= y2
=2 ‘ e
5 0sd+ |1 3 sin
- .2
X2 coso = J1-2gns
or a b b2

uaring both sides, we have

(),

prom €d™

Sq
2 2 2xv 2
2 % g—;coszé - —i—cosé = sin’ § —}——sin25
a2 b* a b2
2 12 2 b
X ;}__ il ._V} =i i
of ;.5.4- 3 = cosd =sin® ¢ ... (i)

This is the general equation of an ellipse. Hence the emergent light from the crystal is generally
el]iptically polarized.

Special Cases

() Wheno =0,2m, 47 ... thencos = 1 and sind = 0

2 2
i X y _ ny _
Eqn. (iii) becomes " + 2 - =0
2
X Yy X ¥ b
or (a bj T B or y ax

This is equation of a straight line passing through origin and having a positive slope —. Thus the
a

emergent light is plane polarized with vibrations in the same plane as in the incident light [fig. 15(7)].
(i) Whend =um, 37, 57 ... thencosd=—1and sind =0

2 2
s 2xy
Eqn. (iii) gives ——+2—+ =0
qn. (i) g i
x y)? % b
or (-—+-}—J =0 or +2=0 or y=-—x
a b a b a

which is again the equation of a straight line passing through origin but with a negative slope. In this

e also the emergent light will be plane polarized [Fig. 15 (i))].
(i) Whend=—§,§-§, ...... then cos d =0 and sind = 1

—
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: o x? +-'£- - ] intically polarized [Fj
Egn. (i) reduces to :':* »2 ¢ light will be elliptically p I 15

qmergen
is the em¢

ffjjl

which is the equation of an ellipse. Tht tions make an angle of 45 Wit
the

¢ incident vibra

. 3‘”‘- = 50 I‘.t', lh
() Whend = ;,:—.“”“andﬂ 4 :
- - ! qu . a = [
optic axis, we have a = A cos 45°, b= A sin 43

- + 2 . 1 i I l 3
Eqn. ({/i{) becomes x"+)y =4 hus the emergent light will be cieuiacly polarizeq IFig
g u :
which is the equation of a circle of radius & o =% oeare
. a 0 =3 0 =45
15 (iv)]. 6=5
=0 =5 (?":: ﬁ‘\\\\
b
b a
a
b a a x /
(iv)
i
(@) (i) e
Fig. 15

7.14. Quarter Wave Plate

It is plate of doubly refracting uniaxial crystal With its refracting faces cut parallel to the optic axis 1,

/4
ifference of — between the org;
thickness is such that it can produce a path difference of 4 or a phase differ 5 © ordinary

and extra ordinary waves.
avelength 4 is incident normally on such a plate, it i

When a beam of monochromatic light of W oo :
| in the same direction but with different

broken into O and E waves inside the plate. Both these waves trave
velocities.

In case of a negative crystal like calcite, the E-ray travels faster than O-ray so that 1o > p,, where
and u, are the refractive indicies of the crystal for O and E-rays respectively.

It ¢ is the thickness of the plate, the optical paths of O and E-rays in the plate are u, t and U t
respectively. Hence the path difference between the two rays when they come out of the crystal i

0= 0“0 _ﬂe) L.
: . A 7 A
For quarter wave plate, this path difference must be equal ry ie. (Uo—MUe)t= T

{: ____.._%_._..
4(1“0 -—Jue)

For a positive crystal like quartz, u, > ug
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1=
Or 4(;“3 - cuo)

ickness d
AS the thic epends upon the Wavelength, the p)
: plate is useful
i onl}-

4 cﬂﬂsﬂ'ucted'
) quaﬁer wave plate is used for
zed light with its vibrations

f x
or the Wavelength for which it

Producing cir
¢ mak. Culal"l}r al’ld .
F"I‘l: plate; the emergent light is Cichl]I;i;‘“ alngle of 45° with lheecl)l;?i:ca"
wav :-ed light is not incli polarized. If, howey ax
polarize & ot inclined at an angle of 45° o tt]:]\;e\er, the plan
Q

i}' .polarized light. If a plan
S is p‘assed through a quart :
€ of vibrations of the i

Plaﬂe d o .

jarized: ic axis, the emer : incident
gent light is ellipt;

I;015. Half Wave Plate ‘ght is elliptcally

i a plate of doubly refracting uniaxi :
§ umiaxial crystal with its refracting faces cut parallel
arallel to the optic axi
is.

al‘ld E-ray-
< the thickness of
£ of half wave plate, then for a negative crystal such as calcite (i
Ite (4o > p.), the path

jifference petween O-ray and E-ray is

A
| C“O"!‘e)t= 2

e A
r =
. 2(1”0-_#3)

where A is the wavelength of light incident normally on the plate.

For a positive crystal such as quartz (u, > o), the path difference is (4, —4o) 1= 4
2
v

A

z(aue - Ju() )
ction of Laurent’s half shade device used in a polarimeter.

A half wave plate is used in the constru
ven plate is a quarter wave plate or a half wave plate, a beam of plane
normally on the given plate. The emergent light is then examined by a

otating Nicol. Now if the emergent light is found as elliptically or circularly polarized then the given plate
quarter wave plate but if the emergent light is found as plane polarized, the given plate 1S half wave plate.

.16. Production of Plane. Circularly & Elliptically Polarized Light

1. Plane polarized light : A beam of monochromatic liggt is pas:ceifi througyl; a ;}:zo{ljr%rilnsg \rva;ullz
ng i 1t up into ordinary and extrao inary rays
e o beatll?e I(S:a;r:clitalllailsam Jayer, while the extraordinary 1ay passes through the

d back at :
nt light is plane polarlzed.

or =

Note. To decide whether gi
olarized light is allowed to fall

ol prism. Thus the emerge
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f}“qr% de ‘ speCiﬁC Rotation
l .
i M ] 7 i taining an optically actj
h Liquids con Y active substance such as sugar soJy;
Bl ) h < : S Olution rot, i y
l‘% iz d light. The angle through which the plane of vibration js rotated depe?ldﬂsleu :;anlanc of vibration of
% ) thickness of the medium (i7) . concentration of the solution -
%?\ { (i) wavelength of light and (v) temperature
| ific rotation is defined as th i '
) ) The speci : ¢ rotation produced by a deci
%@5 | containing 1 gram of the optically active substance in | ¢.c. of the S;’;Let;:)en (flf ¢m) long column of a
\F " 100 i
\ St = —
A IC

where Sfi = specific rotation at temperature ¢ and for wavelength 1, § =

= . = angle of rotation, / =
. solution in €M and C = concentration of the solution. Pttt

.:. th
7.20. Laurent’s Half Shade Polarimeter

A polarimeter is an instrument used for measuring the o

ptical rotation of certain solutio i
' . . ! ns. When
o strument iS used to determine the quantity of sugar in a solu "

tion, it is known ag saccharimeter.

Construction : The optical parts of Laurent’s half shade polarimeter are shown in Fi li-i
Monochmmatic light from a source S is rendered parallel by a convex lens L and made to fall upi-n the.
polarising Nicol N;. After passing through N, the light becomes plane polarized. This plane polarized light
passes through a half shade device H and then through a glass tube T containing the optically active
solution say sugar solution. The light emerging from the solution is incident on the analysing Nicol N,.
The light is finally viewed through a telescope. The analysing Nicol N, can be rotated about the axis of the
tube and its rotation can be measured with the help of a graduated circular scale.

Circular Scale

N, Telescope

.gir:\:'n.«-,.. s
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Working : The halt shade device consists of a
semicircular plate ADB of plass comented to a semicircular
plate ACB of quartz. The optic axis of the quartz plate 1s
parallel to the line of separation AOB. The thickness of the
qum; plate is such that it introduces 4 phase difterence of a
between O and E vibrations. Thus it js simply a hall’ wave

plate. The thickness of the glass plate is such that it transmits

the same amount of light as transmitted by the quartz plate.

N
Suppose the plane polarized light from N, is incident - \\J\J
normally on half shade device and has vibrations along OP. On \"‘“*‘B
passing through the glass half, the vibrations will remain along P, 14

OP but on passing through the quartz half, the vibrations will

split up into E and O components. The vibrations of the O-component are along Op and
component are along OA. 08¢ of |

Since quartz plate introduces a phase difference of r between the two vibrations, the O
occur along OC instead of OD on emerging from the plate. Thus the resultant vibration of |
of the quartz plate will be along OQ such that ZPOA = £ZQOA = 0.

“Vibratjop, Wil
'eht coming

If the principal section of the analysing Nicol N; is held parallel to OP, the plane
through glass half will pass but the light through quartz half is partially obstructed. Hence th
appear brighter than the quartz half,

pO]HI‘iZed IIQ]'I[
¢ glass han“i”

" If the principal section of N, is parallel to OQ, the quartz half will appear brighter than the ola
due to the same reason. S13SS half

*"+If the principal section of N, is parallel to AOB, the two halves will appear equall
because the vibrations emerging out of the two halves are equally inclined to the principal
two components will have equal intensity.

y bright, t j5
section angd the

If the principal section of N, is perpendicular to AOB, the two halves are said to be equally dark

To find the optical rotation of a solution, fill the polarimeter tube with the pure solvent (water) ang
note the reading on the circular scale for equally dark position of half shade device.

Now fill the tube with the solution of the given substance (say sugar solution) and again note the
reading on the circular scale for equally dark position of half shade device. The difference between the two
readings gives the optical rotation 6. If S is the specific rotation of the solution, then concentration C of the
solution is

.--.‘ C: —

; ' 100
If the concentration C of the solution is known, then specific rotation S = h

) R b T N S TR
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7.9. Huygen's Theory of Double Refraction
Huygen’s explained the phenomenon of double refraction with the help of his principle of SeCongy,
wavelets. According to his theory :
()  When light waves are incident on a double refracting crystal, Every point on the Crystal SUrfaeg |
becomes the origin of two secondary wavelets — ordinary and extra-ordinary,

which spreg
crystal,

d out .55 Em
(7)) The ordina

Iy ray travels with the same velocity in all directions and hence its waye frong j
spherical.

(Zi) The velo
but it is ellipsoid,

: e (il gl e il
TR AT U L

city of ¢xtraordinary ray varies with direction and hence its wave front is not Sphericy
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.empaoid touch each other ~TAYS is the «
|

E 7 . " " £ o . . . -i}"[" 8 ht'rl.'
A two po; tme along the optic axis, the two wave 11 f

(v) For some crystals S, The line Jjoining these two points s the direction of oplic axis
ve surface (ellipsoid). Suey
. than that for O-ray, For
,-agrdinary wave surf

like cale

Caleie 1

s " Icite, (he ordinary wave surf
ystals are Called n

: Some othe

ace. Such Crystaj

ace (sphere) lies inside the extraordinary
cgative crystals because the refractive index for E-ray i
fystals like quartz, the ordinary wave surface lies outside the

reater than that for O-ray, > are called positive crystals because the refractive index for E-ray
; [
! Optic Axj
i Plic Axis | Optic Axis
. !
|
E O
|
1 I
i I
N |
; |
(@) Negative Crystal (b) Positive Crystal
Fig. 11

.10. Negative and Positive Crystals

Consider a point source of light S

ide in a uniaxial crystal. The sphere is the wave surface for O-ray and
i ellipsoid is the wave surface for E-ray as shown in Fig. 11. |

For the negative uniaxial crystals |ike calcite,

()  The ordinary wave surface lies inside the extra-ordinary wave surface.

(i) The velocity of O-ray is constant in all directions.
(i) The velocity of E-ray is minimum and e

: : _ qual to the velocity of O-ray along optic axis. It is
maximum at right angles to the direction

of optic axis.
(v) ~ The refractive index for E-ray is less than the refractive index for O-ray ie. u, < u,.
(v)  O-ray travels slower than E-ray in all directions except along the optic axis.

For the positive uniaxial crystals like quartz,
()  The ordinary wave surface lies outside the extra-ordinary wave surface.

(i) The velocity of O-ray is constant in all directions.

(iil)  The velocity of E-ray is maximum and equal to the velocity of O-ray along optic axis. It is
minimum at right angles to the direction of optic axis.

(iv)  The refractive index for E-ray is greatef than the refractive index for O-ray i.e. u, > u,.

(v)  E-ray travels slower than O-ray in all directions except along the optic axis.
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