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na.. Introduction :

m_._%.ng.m wave theory fully explains the phenom .
diffraction. ,.-._.:m. mmemr:mrmm the wave nature of light m:m of interference and
kinds of wave viz., (i) transverse and (ii) longi . But we are aware of two

. ; tudi :
ig ? Interference and diffraction do not give :Ma“&n:«ﬁ& kind of wave light
question because both types of wave exhibit the ﬂiﬂu M..M“o””_m _EMSSE.;

ena. It was,

however, thought for a long time after ¢ .
vibrations of light occurred in the same ”M..B.cha:mww.ﬂm. ,ﬂmm revived that the
¥ nalogous to soun 3 waves, Thus light waves were 25:» :_ﬁm”: ”mwé travelled,
waves. But subsequent observations and vamam:_mll . .E__onm:cn__:m._
polarisation of light, showed that the vibrations of ,:.mmﬂvﬁo._ﬁcw ,:sm_o .
hmwﬁma&oﬁnw to the direction along which light wave travels and 3.5 ¥ EMM
that light waves are fransverse waves. e
It was Huygens who first noticed the phenomenon of polarisation in 1680
Observing the behaviour of a beam of light which had been transmitted ..wBsmm
a piece of icelandspar crystal, he noticed this peculiar property of light. In
subsequent articles, we will see that polarisation is possible only in the case of
a transverse wave. For this reason, light wave is regarded as transverse wave.
In this connection it may be said that sound in air is also propagated as a
wave ; but as sound waves do not exhibit polarisation, they are not transverse ;
they are, in fact, longitudinal waves.

04.2. Polarised light ; Experiment with t
In chemical composition, tourmaline is made up ©

ourmaline crystal :
f silicates of various metals

a

and boron. It is a natural "
crystalline mineral having TN B s
some interesting optical and y [ I _J.JJJA
other effects. The crystal is X ) /
hexagonal in shape, almost > ) b

|k !

transparent with a slight
tinge. The greatest

diagonal -
_ of a section of the crad €\R
crystal is called its optic axis 3TV s <o Y
@b in fig. 4.1).
L—- fig. 41 T, is a thin (b)
fine of tourmaline crystal. A e

beam of light moving

tlong the direction XY i race of the crystal. Some of t
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126 A HAND BOOK OF DEGREE PHYSICS

itted through the crystal. _._.rmah.i:.vo :N_““rmbw.m .:mﬂ:m :”.,_p.msm__? of the

2 t that it has a slight tinge, the co our depending upon ¢
%_H:u.:“ %“ﬂm”.—ﬁ. If the %E N-u 18 NOW gggm about »Tm line XY as E”..Hu
there will still be no change in the intensity of the transmitted beam. '

Now, the transmitted light is allowed to fall on another similar crysta] Th
placed behind the first and the light passing through T .E& T3 is observed
When the crystals have their axes aband a'd’' —.E-..n:m_..»rw __ﬂ:..vsmw.:m through
Ts appears slightly darker but without any change in intensity. If T is now
rotated slowly about the line of vision with its plane parallel to T, the light
passing through T'; becomes dimmer and disappears completely when the axes
ab and a'b’ are perpendicular to each other. In this case, the crystals are said
to be in crossed position. When T is rotated further, the light reappears and
becomes brightest when the axes ab and a’b’ are again parallel.

Same result will be obtained if the crystal T is rotated, and the crystal T,
is kept fixed.

This simple experiment leads to the conclusion that light waves are
transverse waves; otherwise the light emerging from T2 could never be
extinguished by simply rotating the crystal T5. To understand it clearly we
shall take an analogous mechanical illustration.

Consider a horizontal rope CD attached to a fixed point D at one end [fig.
4.2]. Transverse waves due to vibration in many different planes can be set up

; . 2 is due to vibrati allel to the
B e S

e polarised wave passes through the parallel slit ;. But when 52 i#
obtained beyond 8;. to 8, as shown in Fig. 4.2(b), no wave is

If the rope CD is
prodisced along CD, thon v o-2Y & thick elastic cord and Longitudinal waves are

_ the slit S round _ in
fig. 4.2(a), to that N hipesiaion oo |
travels through S, .-rh.mnrg_: ey akes 1o difference 0 the wave—!

POLARISATION OF LIGHT

crystal shows that light waves are of E
transverse nature. Had the light wayes

been longitudinal, they could not have
been stopped in any position of the crysta]
Tg. So ordinary light may be regarded ag
transverse waves due to viliry
vE.:n_mm of the medium |
directions in a plane perpendi

Perpendicular plane

c

&udn_..wonm Hcmrvnovmmw:c: [fig. 4.3). This Fig. 4.3
beam of light is called ordinary or unpolari Sy
unpolarised beam of light has passed %Sﬂomn ﬂMMMQ@MMﬂH&. %ME. ﬁm%cn“:a}
of its internal molecular structure, has transmitted cn,h.nwcmmnﬂw_wvunmonw:”w
light which are parallel to its optic axis ob (fig. 4.1(a)]. Consequently the
transmitted beam contains vibrations which are confined in a particular
direction in a plane perpendicular to the direction of propagation. Such one-
sided property of light is known as polarisation and the beam is called a
polarised beam.The polarised light obtained beyond the crystal Ty can pass
through the second crystal T; only when the optic axis a’ &' of the second
crystal is parallel to the vibrations of the polarised beam and hence parallel to
the optic axis ab of the first crystal Ty. When the crystals are in crossed
position, no light emerges beyond T3 because the vibrations of the polarised
beam are at right angles to the axis a'b’ of the crystal Ty
When the axes of the crystals are inclined to each other, some of the polarised
light emerges from the crystal T; and the remaining part is absorbed.
Consequently the intensity of the emergent
& a4 light diminishes. Suppose XY is the
P 7 direction of propagation of light and ab is
g the optic axis of the first crystal T,
e >y [Fig. 44]. On emergence from the crystal
.‘Q Ty, the vibrations of the polarised beam
b

will be confined only in the direction ab. If

the axis a’b’ of the second crystal T3 is

kept inclined at an angle & with the axis ab

44 of the first crystal (it is to be brone in
e mind that the planes of the crystals are

:  When 8 = 90° i.e, when the crystals are
Sergunt light is peoportional 0 = B the second crystal.

Ossed, ight emerges from j

The nnwﬁlow Mﬂm _“”o_ﬂr%aaeﬂ with tourmaline crystals may be

Ligh BRlows i o ined as due to vibrations
transverse ; it may be imagned

'ﬁmﬁw’ gﬂ.mﬂﬂlgq one Oms__n__—”” millions of _n____—wu_mu iﬁnﬁ%ﬂuﬂﬂ” oﬁ”

direction of propagations of light and perpendicular to it

88 ordinary or unpolarised light.

Scanned with CamScanner



128 A HAND BOOK OF DEGREE PHYSICS

(i) When unpolarised light falls on a tourmaline crystals, it absorbs light
due to vibrations in a particular direction and allows light due to vibrations in
a perpendicular direction to pass through. For this one-sided property, the light
that passes through is called polarised light. In fig. 4.1(a) the cryastal T, s
called the polariser because light in passing through this crystals has been
polarised. :

(iii) Whether the beam is polarised or not may be tested with another crystal
Ty similar to T;. If the beam is polarised, it will be completely cut off at g
particular position of Ty. For this reason, the second crystal in fig, 4.1(a) is
called an analyser.

(iv) When a beam polarised by a polariser is completely cut off by the
analyser, the polariser and the analyser are said to be in crossed positions,
0 4.3. Conventions for drawing unpolarised and polarised light :

If, in a beam of light, vibrations take place in a given direction in a plane
perpendicular to the direction of propagation of light, the beam is called a

; . polarised beam ; if on the other hand,
e o (Y - the vibrations take place in all
Ml s Ry T o possible directions, the beam is called
LB e o ol

an unpolarised beam. A convention is
followed to represent them in the

U - - - —
(b plane of the paper. The convention is
oo S

Fig. 45

(i) If the vibrations of the polarised

beam take place in the plane of the

paper, they are represented by small straight lines perpendicular to the
&..omnou of propagation with opposite arrow heads (fig. 4.5(a)].

(ii) If the vibrations of the polarised beam take place perpendicular to the
plane of paper, they are represented by small dots all along the direction of
peepapstion of Nght. E..«..MS.;,

iii :E.o._h-..-& consists of vibrations in all possible directions in
a plane perpendicular to the direction of propagation. ?mﬂoﬂnw be supposed to

dﬂtl‘ﬂo?!&»—ﬂgans—%gsSUnu&mﬂaﬁ:&
; Plane of vibration

M.mlhann\g—unﬂ.
, @ polarised beam Plane polarised
through
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A plane at right angles to the plane of vibration is know

plar n as the plane of
n&nnmnmaa.«: fig. 4.6 mwQE_ﬂqummms_.m the plane of polarisation, The plane of
polarisation is thus a plane in which no vibrations oceur.

n4.5. Different kinds of polarised light and methods of their
production :

In a polarised beam, the particles of the medium (i.e., ether particles) are

constrained to move in a particular path. In the case of the f light
through a tourmaline crystal, the passage of lig

constrained path is a linear path.
m..pnT :N—._ﬁ is referred to as __U_rugl 1 al b
'V

polarised or linearly polarised light E E /.'

[Fig. 4.7(b)].

Under suitable conditions, ; (@) () t€) (d)
however, the constrained path may be s”_aiﬂ or  Plain Circularly  Elliptically
< i larised i =
thought of as circular or elliptical DO I (PO e
path of fixed orientation transverse to Fig. 4.7

the direction of propagation of the wave. We call them circularly or elliptically
polarised light [Fig. 4.7(c) and (b)].

The following methods may be adopted to produce a plane—polarised light :
(i) by reflection, (ii) by refraction, (iii) by selective absorption, (iv) by double
refraction and (v) by scattering.

It may be proved that two plane polarised beams with suitable phase
difference lying between 0° and 180°, when superposed may produce circularly
or elliptically polarised beams.

0 4.6. Light waves are electromagnetic waves :
Theory and experiment show that the vibrations of light are electromagnefic in origin;
—
= a varying electric vector £ and a varying magnetic vector

wav which has the same frequency and phase are present.
M.v and M 5%&#&&850&35&559
lane at right angles to the direction of propagation of light
wm,mu. a.uﬂ.ﬁ%ﬁiﬁﬁ have shown that the electric force

Direclionof . in & light wave affects a photographic plate and causes

i uorescence, while the magnetic force, though present,

‘zd.oua&_g ”Engﬂigaﬁaoqnga.cugﬁcﬂ

B of vibrations of the electric vector £ “are now chosen as the
ibrations of light'. .H.wfﬁo%g.n&nvgo_n

e i containing the light vibrations are those in which electric

?‘Eir_nnﬁggnvfavnuoigHQSE:E&E.«E?E:E%
the electric vector are confined to a single direction. , 3
Having i the electric vector with the light vector, we can easily
redefine E.”r “-—.Lﬁ“”ﬂm&? art. 4.4 in terms of the electromagnetic theory. The
-
vibration i ining the electric vector g and the
plane z_._.—.evov_nbooosguw . :
EH of !d—”ﬁ.hruu the plane of polarisation being, as before,
perpendicular to this plane.

4252.9
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A wave of light is said to be linearly or plane—polarised when the vibrationg
of E vector are parallel to "
2
2

each other for the wave i.e.,
when all planes containing q:
7777 .\W\ 77 r__._-a||
P/ R \\ i
\h\\n\ % k \K\ man__u.__..o_._

—

the wvibrating E vector at
different points of the wave
and the direction of
propagation of the wave are
parallel to each other An Fig. 4.9

instantaneous picture of a plane-polarised wave, showing the vector m and 3
along a given ray has been shown in fig. 4.9.

04.7. Polarisation by reflection :

The easiest method to get a plane—polarised beam of light is reflection. In
1808 Malus discovered that a partially polarised light is obtained when
ordinary light is reflected by a transparent reflecting surface, like a plane sheet
of glass or a plane surface of water He also found that the degree of
polarisation depends upon the angle of incidence. Further, at a particular angle
which depends on the nature of the reflecting surface, the reflected beam
_38.-..._8 totally polarised. This angle of incidence is known as the angle of
polarisation of the reflecting surface. Experiment shows that the angle of
polarisation for glass is about 57 .

Experiment : AB is the plane surface of a glass block, perpendicular to the
plane of the paper [fig. 4.10]. A beam of unpolarised light PO is incident on
the glass surface at an angle of
incidence &Snwl . The reflected light
OT falls normally on a tourmaline
m_.qu T whose section is parallel to
is optic axis. If the reflected light is
viewed through the crystal which is
L.Q.-&‘ rotated about the line of
vision, the light is completely
extinguished at one position of the
E%?i:ggihﬂ?ﬁ&dﬁﬂ %H”
light emerges in its full strength. This i say

; proves that light reflected by the glass

B-Vecior

SRR W W — T e
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heads. Now, the light due to the components
jargely reflected, but the remainder of the light
_ua%a:m..nc_w_. to the glass surface

parallel to the glass surface is
: , due mainly to the components
: 18 refracted into the glass. Had the vibrations
ﬁm:um:a_n:_uq g m._mmm surface been carried by reflected beam, that would have
given rise to longitudinal waves which do not exist for :m:_m Thus, the light
reflected by the glass is plane-polarised in the plane of the .vm_umﬁ :

If the tourmaline crystal T is so placed that its optic axis lies in the plane
of the paper, the vibrations of the reflected beam will be perpendicular to the
optic axis and the crystal will cut off the light. On the other hand, if the crystal
is so positioned that its optic axis is perpendicular to the plane of the paper,
vibrations of the reflected beam are parallel to the optic axis. In this case the
crystal transmits the light in its full strength. In other positions of the optic
axis, light will be partially transmitted.

0 4.8. Biot's polariscope :

In the preceding article, it has been pointed out
that the state of polarisation of the reflected beam
may be analysed with another similar reflecting
surface like AB instead of the tourmaline crystal. Biot
devised an apparatus, known as polariscope where he
used two reflecting surfaces as polariser and analyser.
Fig. 411 shows the actual appearence of such a
polariscope.

It consists of a transparent glass plate B fixed to
two vertical pillars in such a way that it can turn
about a horizontal axis. When the plate is turned, the
angle of incidence of a beam of light falling upon it
changes. C is another glass plate painted back in
order to avoid internal reflection. It is also capable of
turning about a horizontal axis. The frame in which
the plate C is fixed can turn round a vertical axis and
its angle of rotation can be measured from a scale
graduated on the platform 8.

When a ray of light is reflected by the plate B, it
becomes partially polarised and falls upon a mirror D
normally. Being reflected by the plane mirror D, the
ray travels upward and is again reflected by the plate
C in the direction CE. Now, to understand the Fig 4.11
functions of the plates B and C as polariser and
analyser, iagram 4.12.

m_.vu.a“ﬂhﬂ....-”r owea“._ss B and C are parallel to each other [Fig. 4.12(a)].
In this condition, light will be incident on both the plates at equal angles of
incidence. Now, the light reflected by B is plane-polarised and its vibrations will
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132 A HAND BOOK OF DEGREE PHYSICS

be perpendicular to the plane of the paper or parallel to the planes of the plate
B and C. Consequently, the ray will be c 8
totally reflected by the plate C. If the W\I?tb.vm :0. —
frame containing the plate C be now

rotated about the vertical axis so that the

plane of C is perpendicular to that of B

[Fig. 4.12(b)], no light will be reflected by WB?** A %b
the plate C because the vibrations of the
polarised light are now perpendicular to

S

the plane of C. It goes without saying that __[ ,|_||
for complete obstruction of light by the D D
plate C, the ray should be incident on the (@) (b)
plate B at its polarisating angle. Mg 412

04.9. Law of Malus :

. .&rﬂ. a beam of light, polarised by reflection from a plane surface is
incident on another similar reflecting surface at the polarising angle, the
intensity %giggiﬁgﬂﬁn between the two surfaces.
;.B.. it was found in w.mx.- polariscope (art. 4.8 fig. 4.12) that the intensity
oa,.nwaa- E beam is maximum when the two planes are parallel and
minimum F? zero) 1.8 the two planes are perpendicular to each other. It
Bo-?o%rs?ﬁgg from the polariser and analyser,
pi%EEEE§§%n§g§ light transmitted
through Eﬁisﬁﬁuﬂgu\n%gmﬁa\n&maﬁ?&@n%aau}m
tgn\g%*%&?bgowaﬁhog% In the case
' of Biot’s polariscope, this angle is evidently
ron..dmu_hlmum two reflecting planes. This is
Proof: Let us suppose that the angle
between the planes of polariser and .ﬂm
analyser at any instant is 6. [Fig. 4.13). Let
Wﬁ = @ represent the amplitude of vibration
emergent plane-polarised light from the
polariser. The amplitude g can be resolved
Eooolm.onﬂuaaoa? OA (= a cos 0) and OB
Aluluww_.nanwguoiaggnrm
analyser. parallel component OA is
Eifgéfgguﬂmwraﬁ&.
?”I;Bl_ light through the analyser,

G &5.3.%..%3.»@.;8.:
MM”P_.EE.- L nquEo. ﬂu-a . Elgr! light incident on the analyser.
%ﬂ“ﬂ?&?girgi the planes of
-t s !cinh..!rlﬁlo~l 2=l

intensity of the emergent light is 51 = 1 (cos 07)

zero when the two planes are at

iisis‘??!?gsnﬁ-&u ie,

POLARISATION OF LiGHT i
714.10. Brewster's law :

A systematic study of the polarising angles of different media enabled Sir
pavid mi.iﬂ.mu ¥ eqms_w,_,_hwm _:_wﬁ the tangent of the polarising angle of a medium
o pumericadly equati o the refractive inde : e
mw\mnnmuaw v Tt aex of the medium. This is known as

Mathematically, if p be the angle of pol i i

Yere ; polarisation for ¢
refractive index is p, then according to Brewster's law S et
tan p = y

As p on.. a medium varies with the colour of light, the angle of polarisation
of a medium also varies with colour This .
means that white light cannot be completely
Enamln&nln& by reflection,

A very interesting result follows from _

Brewster’s law. It may be shown in the # 7

following way that if a beam of light is .,,,\ /\/
incident on a reflecting medium at the % -\;m _w. %

polarising angle, the reflected and the o~ Joo J
refracted beams are at 90° to each other , .mm

Let a ray of light AO be incident on a km..\q
reflecting surface XY at the polarising Zp .
[Fig. 4.14]. The reflected ray OB, which is ; \
plane-polarised, also makes an Zp with the N xn
normal ON according to the laws of Fig 414

reflection. Let OC be the refracted ray The
angle of refraction is Zr.
According to Brewster's law, tan p = p, where y is the ri. of the medium.
According to the laws of refraction p = “w
sin p sinp  sinp

tanp = gnr % csp T snr

or,sinr =cosp =sin (90°-plog, r = 9° -p
or,r +p = 90°.
80, ZBOC = 90° i.e., the reflected say OB and the refracted ray OC are at

90° to each other.
As the refractive index of a substance varies with the wavelength of the

incident light, the polarising angle will be different for light of different
wavelength, Polarisation will, therefore, be complete only of light of a

Particular wavelength at a time. \
In the fig. ?HAH” incident ray AO is unpolarised, the reflected ray OB is

completely polarised the refracted ray OC is partially polarised. Their
vibration have been E-M“-ouog by dots and short straight line with opposite
arrow-heads.

04.11. Polarisation by refraction ; pile of plates :

When incident at the polarising angle on the plane mE.mEmo ofa Ewmm
Ec Eg E-«.—“ no nﬂogr completely polarised but the intensity of
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the reflected light is very feeble because most of the light is refracteq inte
block. So, an intense Reflected rays the
polarised beam cannot be

obtained by a single plate.

Further, the emergent

beam carries with it about N
20% vibration in the g 415
perpendicular plane

whereas the refracted beam is a mixture of 100% vibrations in the plane of the |

paper and 80% of the vibrations perpendicular to the plane of the paper ¢
instead of  single plate, a pile of plates is used and if unpolarised light |

allowed to fall on the pile at the polarising angle, then multiple reflections wi
giil&%ﬁ?ggégavgcqg&oﬂ
“ vibrations in the _.B.E.n..ru plane. After a few reflections, fair percentage
Aoﬂalnﬂouua-l.: o light may be available. Finally two plane-polarised beams
o FDEE &“rnln g are perpendicular to the plane of the
iz e to transmission whose vibrations are parallel to the
o ﬂ %«iﬂi from each other [Fig. 4.15]. The
. plates provides us a simple method of producing plane-polarised

POLARISATION OF LIGHT 135

ent of light. This is how i
“MHHF %__c_.mwo:_ a tourmaline crystal produces plane-polarised light by

Utilising the principle of selective absorptio N o
e boun propared. They aré geoerally Known o selouctss. Prissiond Dosmae
may be vncn:nwn_ very easily and at a low cost by vc_E.aEm. These films are
made E‘. mm,_..._sm small herapathite crystals on a ::._.‘clnm::_oma film.
Herapathite is an organic compound known as quinine iodosulphate

Recently a still more efficient device called polaricd-H has been m_dvnn&
which has made polarised light a thing of daily use. Thus goggles made of
polaroid are more efficient in protecting the eyes from the glare of the sun than
those prepared from coloured glass. These glasses do not allow light from
shining surfaces to reach the eye. While acting as efficient shields for the eyes,
they do not obscure the details of objects even in shade.

The head lights of a car are nowadays fitted with polaroids which allow
vertical vibrations to pass through. The wind screens have polaroids in the
crossed position. They do not allow light from head lamps of the cars coming
from the opposite direction to pass to the eye and thus aveid glare. The
visibility of road and the other objects is not materially affected since light
scattered by them gets depolarised and can pass through the wind screens.

Polaroids have been used as polariser and analyser. They are also used as
a good controller of light intensity for analysis of crystals and the study of their
optical properties. Recently they have been used for stereoscopic picture
projections in cinema.

04.13. Double refraction :

The phenomenon of double refraction was first observed by Bartholinus in
1669. He placed a crystal of icelandspar on some words written on a sheet of
paper. To his surprise, he saw two images through the crystal. Bartholinus,
therefore, gave the name of double refraction to the phenomenon. Experiments
more than a century later showed that the crystal produced plane-polarised
light when ordinary light was incident on it.

Usually when light travels through an isofropic medium, like water, glass
etc., refraction takes place but light is not resolved
into components because the optical properties in an
isotropic medium, are the same in all directions. But
there are some anisotropic crystals, such as calcite,
quartz etc, in which the optical properties are
different in different directions. Double refraction is &
phenomenon found only in anisotropic medium.

v_iﬁo—.vn.ﬁ.rnﬂnmuou-%.gﬁun _.pm.
g?&.ﬁ.«iomﬁi of the dot will be

vigible. If a glass is placed instead of the calcite Fig 4.16 :
iu-f-.m.ﬂ-a. one _.v.”wuu.“:_ be seen. The two images seen through the calcite
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R—— .“,__:.., tr..:.._:.._m.::: __.H_'MU...._*:Z:N

i . +h the calcite crystal 18 calle oL ¥
o_.mn 4 mzom.uﬂic _m_ _M_”.ﬁmﬂﬂm Hmﬂﬂw%”_“ _._mwo“wwq.hnm... ray, O which obeys the _“._“_,_w
of u.om..w““..mru ”m_._Mm n_”o. other, known as extraordinary 3%. m_w"“”,m.wcw, obey the
laws of refraction. When the crystal is rotated about the . of vision, the
. rdinary ray remains stationary but that @:m to ar:.mo_.n_:_.uim ray
_.3__6?.”_ ”oﬂn.w O:uOnw EmREE of this abnormal behaviour, the ray E is nm.:mn_
extraordinary ray. Further it is seen that both the rays are u_m:,?ua__m:ma
with vibrations v.mnvmu&n:_ﬂ to each other. Crystals like calcite which give rige

to double refraction are called birefringent.

: ing upon its direction of motion in the crystal, may
Wﬂ“ﬂﬂ@?ﬂu@%ﬁ EBME_._M ?ﬂo calcite is 1.658 (for yellow _.wu...v _uc.ﬁ He varies
from 1.468 to 1.658. For one direction, however, the 3@3540 indices for
ordinary and extraordinary rays are equal. This direction is called the optic
igﬂggﬁog&mmﬁsgmoﬂ&hsﬂ%mvg
closer to the observer than that due to extraordinary ray. This indicates that
the refractive index of the crystal for ordinary ray is greater than that for the
extraordinary ray, which again proves that the velocity of ordinary ray (Vy) in
the crystal is less than the velocity of the extraordinary ray (V). Crystals of
this type are known as negative crystals. Opposite things happen in quartz,
tourmaline etc. In these crystals the velocity of ordinary ray is greater than the

ity of extraordinary ray These crystals are, therefore, called positive
crystals.

0 4.14. Some important definitions :

(a) Optic axis : In nature, calcite is available in various forms, but when
slightly tapped, it cleaves in the form of a
rhomb whose opposite faces are
parallelogram. Fig. 4.17 shows a section
of such a crystal. Each of the opposite
EWI_IH-E-BE. angles
about 102° and 78°. In all the corners of /.-
the rhomb except at A and G in fig. 4.18
Egﬁggiig
ﬁ&pkgsing

es meet at obtuse angles. They are called tal.
If a straight line be drawn from A or G equally s e faces

straight line ; it is rather a direction, In fig, 4.16, Aa or G
P 1ePreets the i s, If the. ara of U
(fig. 4.18). the line joining A and G will be the optic Xi°

hef %iirfi-&rguﬁuami
ﬁuggai&ﬁﬂuﬁqgé&oag% the

POLARISATION OF LIGHT

crystal i.e,, in this case, the ordinary ang
s 3 ' the : =
same direction and with same velocit he extraordinary rays travel in the

y. Some : : A
quartz etc., have only one optic axi crystals like calcite, tourmaline,

137

T 8, «H.—.—mw are ) ;
known as uniaxial crystals, Crystals like mica, Optic axis
borax etc., have two optic axes and therefore the W
are biaxial crystals. y . 1

(b) Principal section : If a section of the crystal >_U_M\~ P
ol | 7 s

be taken by a plane perpendicular to the opposite
end faces and containing the optic axis, it will be _
called the principal section of the crystal. In fig o g, 1€
&Hm. ACGE is a “—!Hn.:u—vﬂ— section. It mm< . o H

perpendicular to the end faces ABCD and EFGH il ¥
and it contains the optic axis Aa or Ga. As there F G
are many straight lines parallel to the optic axis, '
so there will be many principal sections of a - Vs,
crystal. Evidently the principal section will be a Optic axis
parllelogram with its angles of about 109° (or Fig 418

108°) and 71° (or 72°) [fig. 4.18(a)].

(¢) Principal plane: The principal plane with respect to a ray (either
ordinary or extraordinary) means a plane which passes through the ray and
the optic axis. For normal incidence, principal section coincides with the
principal plane.

[14.15. Polarisation by double refraction :

Consider a ray of light incident normally at the point P on the surface
ABCD of a calcite crystal [Fig. 4.19(b)]. The principal section ACGI of the

D

B2

crystal has shown separat &Fﬁoa.t.uﬁuu.agﬂmgésg
the ng_“oui._as. it will have double refraction, the ordinary ray PO
emerging out of the crystal without any deviation [Fig. 4.19(a)]. The ordinary
ray (0), as we know, obeys the laws of refraction. The other one—the E-ray
~will suffer some deviation but as the upper and lower surfaces of a rhomb are
parallel to each other, this ray will emerge from the crystal parallel to the
incident direction i.c., parallel to PQ. From the figure, it is apparent that there
(Erol’.g%gnowﬁn&ezu%.&uagﬁv.gim
I’l!gﬁrﬁi%ﬁn.gﬁuoi.ga.Eo..bﬁo.&
refraction of the O-ray will not be in same plane with the angle of refraction
of the E-ray.

Fig 419
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analysed with suitable analyser it wil]

If the emergent O-ray snd K-ray are larised. The O-ray is polarised in the

be found that both the rays are plane-po

Fig. 4.20

principal section of the crystal i.e, its vibrations are perpendicular to the
principal section. In fig. 4.19(a) and (b), these vibrations have been represented

perpendicular to the principal section of the crystal i.e., its vibrations are

shown in the fig. 4.19(a) and (b) by small straight lines with opposite arrow
E.Fnﬂioiﬂnpﬁgve%ﬂg%c&a&oiowo.zﬂnﬂ
%E?%EE&E&?%@E&:EEE&n.«_mo,uﬂnﬁam
of the crystal. bt

ﬁ?%o&-«.ﬂmg-ﬂ%&sggaﬁ:woupmﬁmﬁ
%%Eﬂ&%%%&ugégﬁgﬁ to
other, then the first O-ray will emerge from the second crystal as O-ray
similarly the first E-ray will emerge as E-ray [fig. 4.20(a)]. Consequently
we would get two polarised rays. The end-view of the second crystal, in this
condition will look like as shown on the right-hand side of fig. 4.20(a).

1f, now, the second crystal be rotated about the direction of incident light so
that the principal sections of the two crystals are mutually perpendicular, then
the first O-ray on entering the second crystal will become the E-ray and vice
versa [fig. 4.20(b)). If the principal sections of the two crystals make any other
angle between 0° and 90°, we will get four rays, because both the first O-ray
and E-ray will now suffer double refraction. The intensities of these four rays
will depend upon the angle included between the principal sections. If the angle
included be 45°, the intensities of all the four rays will be equal.

0 4.16. Nicol prism :

We have seen that a calcite crystal or a polaroid produces polarised light and
iggnrow.isgggigzgﬂrgnnw&mﬁ
of icelandspar which was widely used for producing and detecting polarise’
light. It is known as Nicol prism. Its basic principle is to divide a ray in%©

44
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ordinary and extraordinary rays by
polarised and then to allow only the pol
O-ray by total internal reflection.

Construction : The prism is made from
three times as long as it is wide. ABCD i
corners B and D are the blunt
corners of the crystal. In a
natural crystal, the surfaces AB
and CD make angles of about 71°
with the arms AD and BC
respectively. The faces are then
cut and polished in such a way
that the new polished surfaces AJ
and CF make angle of 68° with the
arms AF and CI respectively
AICF represents the principal
section of the crystal. The calcite
crystal is then cut from one blunt
corner to another into two halves
along the diagonal IF and the
halves are again cemented
together by a layer of canada
balsam. The principal section AICF of the crystal takes up an appearance as
shown in fig. 4.21(b). It is clear that in this case, ZAIF = ZCFI = 90°. The
reason for selecting canada balsam as the adhesive substance is that it has a
refractive index (y;) of about 1.55 for both ordinary and the extraordinary rays
while the refractive index of the crystal for the ordinary rays (ug) is 1.658 and
1.486 for the extraordinary rays (). So, pg > M > pe. Thus, a critical angle
exists between the crystal and the canada balsam for the ordinary rays but not
for the extraordinary rays. The edges of the prism are painted black in order
to absorb the reflected rays.

Action : When an unpolarised beam PQ is incident on the surface Al of the
erystal normally, it is split up into O-ray and E-ray in the crystal [Fig. 3.21(b)],
both of them being plane-polarised. The vibrations of E-ray are parallel to the
principal section AICF while those of O-ray perpendicular to it. As there exists
a critical angle of 69°* between the crystal and the canada balsam for the

139

%.:._Em refraction, both being plane
arised E-ray to emerge, eliminating the

a piece of icelandspar crystal about
s such a crystal [fig. 4.21(a)]. The

Fig 421

ordinary ray which is incident on the surface of the canada balsam at an angle -

greater than the aforesaid critical angle due to the length of the crystal being
about three times its width, the ordinary ray suffers total internal reflection
and is directed towards the edge of the prism where it is absorbed by the black
pigment, The emergent light in this case, is due to the ma.e_.manﬁQ ray and
is polarised. In this way, the Nicol prism acts as a polariser.

i : 1.658
* The refractive index of canada balsam for ordinary ray is u = 550

. sin 0, I.W-I.T%.. 9, being the critical angle.
= 0035 = sin 69° (nearly) B, = 69"
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cal Nicol prism, one may be used as a

Nicol as an analyser : Of two identi f the polarised beam. In fig. 4.22, P is

polariser and the other as an analyser 0
the polarising Nicol and A is the analyser.

o (b)

Fig 422
[Note extraordinary also & limit beyond which it is mupn.nbn.:w reflected at
the ﬂul”.”.--l! layer like ﬂp&-iw u for extraordinary ray is 1.486 when the
%i?%lqﬁﬁﬂﬁlsggnuqavﬁnﬁoazﬁ%.:

the optic ‘axis, its refractive index becomes 3:...—8 :_noam
ﬁh@.«»ﬁ.ﬂq %ﬁgﬂhﬂmqt Uﬂ'&uﬁ-__oyn. Rﬁ direction of propagation of E-ray, y, lies between
1.486 and pggﬁuégfgigmgp.ugggogﬂm
of incidence will be greater than the critical angle. Then the E-ray will also be totally reflected
liifiilﬂrggEnvgrvlbﬂ&sv!_mnrnv@ongn

surfaces of the crystal are coated] :

When E-ray comes out of the polarising Nicol, it becomes plane-polarised
with vibrations confined to the principal section of the Nicol. When the
principal section of the analysing Nicol A is parallel to that of the vamlwmu.w
Nicol, the ray enters into the second Nicol as E-ray [fig. 4.22(a)] and is
transmitted out. But if the analyser be rotated about the line of propagation of
§8§Eg§ﬂ!§nﬂ§&%8§ro§n then
nrcgaunsniﬁu%iegﬁﬁmgﬁﬁﬂo.n&irmg
i:fggsgggfﬁggng%cm?n
prism and will be absorbed by the balck paint. Hence, no light will emerge from
the analyser. The analyser, in this positions, is crossed with the polariser. In
this way, a Nicol can act as a detector of polarised beam.

0 4.17. Polarisation by scattering :

When a beam of light is scattered by very small particles, the scattered light is found to
* be partially polarised. The degree of polarisation is greatest for light scattered in a direction

at right angles to the main beam, but this is usually far from complete. Light from the blue
sky, being the result of scattering by small atmospheric particles, is partially polarised.
0 *4.18. Huygen's theory of double refraction :

Based on some experimental findings, Huygens developed a theory of double
reflction of lgh. The findings ae as fallows 4

point inside a doubly refracting crystal acts as a source of two

secondary wavelets—one corresponding to the ordinary ray and the other to
the extraordinary ray. sod :

AEtfggﬁnI&.i

" * For Burdwan University only. op—
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sini vV

= —= e

m:._ Ty <c Jnosmﬂmzr

. ﬁ is mmMﬂ. "s :“mnﬂﬁmsn_ that the velocity of O-ray is same in all directions
in t m_nQ rm an m:num the wave-surface dye to O-ray will be spherical in
shape i.e., the surface will be a spheroid. On the other hand, the E-ray does not
obey the laws of refraction : ’ drad )

= » hence for the E-ray, [.Ilmmmr:...”. = ..,W-..I is not a constant.

It takes up values momcau.zw to the direction of propagation of the ray. This
shows that the velocily V, of the E-ray is different in different directions.

Considering this fact, Huygens supposed that the wave-surface due to E-ray is
an ellipsoid,

(iti) As the velocities of O-ray and E-ray are equal along the optic axis and
as these rays travel along the

same direction when incident

X

A3

Positive crystal
(b)

parallel to the optic axis, it is
clear that the two wave-
surfaces should touch each
other at points intersected by
the optic n..._:m [The points X O —
and Y in fig. 4.23(a) and (b)]. {
(iv) When the ray is Fig. 4.23
incident normal to the optic axis, the O-ray and the E-ray travel along the same
direction but with different velocities. The difference in velocities, in this case,
becomes the greatest. ;
From the above experimental facts Huygens came to the conclusion that the
wave-surface of the secondary wavelets inside uniaxial crystals may be
ellipsoidal or spheriodal. Ellipsoidal wave-surface is caused due to E-ray while
spheriodal wave-surface is caused due to O-ray. The ellipsoid and the spheriod
touch each other at two points and the line joining the points gives the
direction of the optic axis. In the case of negative crystals where the velocity
of the O-ray is less than that of E-ray, the spheriod is enclosed within the
ellipsoid and the minor axis XY of the ellipse coincides with the optic axis of
the crystal [Fig, 4.23(a)). In the case of positive crystal where the velocity of
O-ray is greater than that of E-ray, the spheroid encloses the ellipsoid and the
major axis XY of the ellipse coincides with the optic axis of the crystal [Fig.
4.23(b)]. We shall now discuss how Huygens explained the phenomenon of
g refraction with his theory, remembering the fundamental postulate that
every point on a wavefront acts as a source of secondary wavelets. Some
8pecific cases of uniaxial negative crystal will be considered as illustrations of
Huygen's theory :

axis

3
U
=

gt

e L AT
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- such a way that the optie
I to the plane of refraction,

perpendicular to the plane of paper
incident obliquely on the surface b.n.
of a doubly refracting %E.ﬁ”@
4.24). The surface AC is perpendicular
to the plane of the paper .tw is the
optic axis of the crystal which, in the
present case, lies in the plane of
incidence i.e, in the plane of the
paper. As the wavefront touches the
point A on the crystal, two umon:g
wavelets due to ma:v—mww.ﬁw” :
. B g Fig. 4.24
E%gﬂnvaunmom% g = :
vefront just reach the point C on the crystal, the spheroidal wave-surlace
- %&E._nnn lﬂhﬂ.ﬂ.ﬂ”ﬁ originating from A, will arrive at the positions
Mbn”& XEF respectivelly, touching each other at the point X. The sections

spheroid ellipsoid will evidently be semi-circle and ellipse
A e Bv—-uﬂgnanommdn-ﬁ.germnioﬁg?

inte C and O perpendicular to the
plane of paper represents the ordinary refracted wavefront and AO represents
Eﬁw&a?%nﬁgi?%ugmomurm%gnﬁrm
q&u&.%&%%&.%@eanﬁaboomﬁﬁmb&m cmwm@dnﬂos
(rg) is always a constant. The ratio evidently does not depend on the direction

of the optic axis.

. gﬂilﬂnaggﬁsﬁm&mugmgiwﬁgunkhw

iﬂ%i% the corresponding refracted ray being
E.Erﬁiiaﬁgﬁggpaﬂﬁumu&mu_nﬁm of
%?.EE%?S&EB&HSE%E%EE@B.NE
(re) with the normal to the refracting surface at A (shown by dotted vertical
line). This depends on the direction of the optic axis,

Since the refractive angle of a ray in a medium depends on the velocity of
E?E%w%nﬁ?g&?&?%gimoﬁg%
on the direction of propagation relative to the position of the optic axis. When
the O-ray and the E-ray both travel along the optic axis AX, their velocities are
equal. In that case, the ray is not polarised and emerges as a single ray. In
other words, double refraction does not take place if the ray travels along the
optic axis. When the ray is incident normal to the optic axis, they (i.e., O-ray
and E-ray) travel along the same direction but with different velocities. They
are also polarised in mutually perpendicular planes.

(b) When the optic axis lies in the plane of incidence and parallel to the
refracting plane :

Since the optic axis is parallel to the surface of the crystal and lies in th¢
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ane of incidence, it is represented : . .
Mm:_sn_ described 2:.:3.“. the Snww_._“:m line XY [Fig. 4.25). Following the
planes CO and CE represent the ordinary
and the extraordinary refracted
wavefronts. AO represents the
corresponding refracted O-ray and AE the B
refracted E-ray. They travel in different . :
directions and with different velocities.

Here, the ellipsoid and the spheroid touch * / d.w» — ..\¢ma._r|u,_mm
each other at X and Y because the line Xy 25" N 4
represents the optic axis. It is evident \ /4
from fig. 4.25 that E-wavefront is always S \
ahead of the O-wavefront.

(c) When the optic axis lies in the Pig 425

refracting plane perpendicular to the plane
of incidence :

Since the optic axis is perpendicular to the plane of incidence (i.e., the plane

of the paper), the sections of the O-wavefront and E-wavefront in the plane of

the paper will be circular [Fig. 4.26].

Tangent planes drawn from C to the

B wave-surfaces represent the refracted

wavefronts. Thus, CO represents the O-

wavefront and CE the E-wavefront. Fig.

4.26 shows that E-ray AE and the O-ray

X : ~ AO travel along different directions with
: different velocities. The figure also shows

that the section of the E-wavefront in the

0_¢ plane of incidence is circular indicating

Fig. 4.26 that E-ray travels in all direction with
equal velocity. Hence, E-ray, in this case,
obeys the laws of refraction. It is to be noted that here also, the E-wavefront

is ahead of the O-wavefront.
(d) When the ray is incident normally on @ crystal whose optic axis is parallel

to the crystal surface :

A plane wavefront AB is incident on the crystal surface whose optic axis is
XY. The incidence is evidently normal.
In this case, the O-wavefront and the

E-wavefront will be parallel to each A Oplic axis 8 .
other. In fig. 4.27, 00O’ is the refracted _
0.1.9.4509& and EE' the refracted E- 0---- '...'.'..“”. ..... . ...... n_mu_

wavefront, As a result, the ordinary &
and the extraordinary rays also travel

parallel to each other. Although the e
rays will not be separated from each . - .

other, yet double refraction will take place due to difference in their velocities.
The E-ray will come out of the crystal first and then the O-ray, creating a path
difference and hence a phase-difference between the two rays.
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be drawn according to Huygen's theory
In the same way, %aﬂ“ﬂ”ﬂmu that for a positive crystal, _:._a m:ﬁzi.m
M”..m.:n vﬂomﬁaﬁ”uﬂ%u H.TE _w_m spheroid because the velocity cqpo_.,&:m_..« ray is
g 4 . aat .
greater than that of the extraordinary ray in a positive crysta

D&h“.”“»!dn”_“ ”_””“ .v.ﬁ. two plane-polarised beams with vibrations
. > seen ..p ally perpendicular planes if a ray is allowed to pasg
e thin dlice of doubly refracting crystal. Since the O-ray and the E-ray
.&Eﬁnv.- :..E. ice _”&man in the crystal, they will take different times to
travel with different ve of the crystal and hence a path-difference or a
pass through the l-n__._uovr“u“nn.&z ced between them. The phase-difference will
vrw-ol&aﬂasoo e O of the plate. For this reason thin plates of
evidently depend on retardation plates. The two common types
Mﬂﬂ!« refracting aunﬂ“”.lzaa tly used are : (i) quarter-wave plate and
g%ﬂ?&nﬂ plate. : A crystal plate which is cut so that it produces
Quarter-wave plate
a path-difference of /4 (i.¢., quarter-wave) or ¥
a phase-difference of %/2 between the O-ray

a

& = Wiy
This gives the required thickness of a quarter-wave plate.

In positive crystals like quartz etc., y, > yg; 80 if ¢ be the thickness of &
it&}i_rgu_&vl W4

—
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a half-wave plate of positive crystal, ¢ = A

2ue —pg)
Usually very thin mica or quartz pl Byt
J ; Plate is uged to .
or & rm__.ls..mqm _u_m»..h and its thickness ( t) is Begcq&vﬂﬂﬁrﬂ M:w._.nam. ,ﬂma.m
formula using sodium light () = 5896 x 10-8 ) e help of above
Uses : Quarter-wave and half- :

/ 7 wave plates are used
analyse circularly polarised and elliptically polarised beame. of WMH& %04

1 4.20. Circularly polarised light :
We have already seen that if in a 1 i i i
. polarised beam of 1i t, the vibrat
particles can be thought of as constrained to %mnivmm a mw.n:_mw Mﬁmﬂwm ”ﬂm
Snﬂmm.m.__cnzm:m __m.:» 18 referred to as cireularly polarised light. The wEu:E.% of
vibrations in a circularly polarised light remains constant but the directions
n_..u.um.o.

If a plane-polarised light is shone on to a quarter-wave plate so that the
direction of vibration is at 45° to the optic axis of the crystal plate, the
components are equal and circularly polarised light results. .

We know that two rectangular linear vibrations of same amplitude but of
phase-difference n/2, when superposed, give rise to a circular vibration. Hence,
a circularly polarised beam may be supposed to be a combination of two such
plane-polarised beams. Now, the quarter-wave plate will refract the incident
beam doubly into O-ray and E-ray whose vibrations are confined in two
mutually perpendicular planes. Further, since the vibrations of the incident
_E_E.mmomvwmn_gmmbﬁﬁm%ﬁi&&na«&n&&&n%.n&m
amplitude of O-ray and E-ray will be equal. On emergence from the quarter—

2n 2z

wave plate, their phase-diff. = 5= x path-diff. = 5= x 4 = 3. Hence, they

will produce a circularly polarised light on emergence. If circularly polarised
beam is viewed through a Nicol prism which is slowly rotated, no variation in
transmitted intensity can be seen. The reason is that when the Nicol is rotated,
the intensity of one plane-polarised component decreases as much as the
intensity of the other component increases. Under these circumstances,
circularly polarised light cannot be distinguished from ordinary light.

Distincition between circularly polarised and unpolarised beams :

To distinguish between circularly polarised light and ordinary unpolarised

Analysing nichol

ety Dbyl
C Cv-ﬁ.n. ﬁﬂkﬂuﬂunnoa
Circulacly 34 e  polarised

Fig. 4.29

light, a quarter—wave plate should e placed between the source of light and the
l&a-zgmh.-tfawaa:ﬁc polarised then on entering the
326210
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T & into two rectangular components of equal amplitude
W. .ﬁé mmem“M MWWHS_BG»:&EE to the axis of W4 plate and thug
differing in phase by %/2. A further phase-difference of w2 is introduced between
the components on passing through the /4 plate. Thus, the total phase-
difference between the two rectangular components on emergence will be n/2 +
/2 = = or 0. In either case the emergent light is plane-polarised (Fig. 4.29).

Now, if the emergent light be examined by a 33:...5 Nicol, its -_3.___52.@ will
change in intensity from maximum to 2er0 twice R:J:&.nal_ rotation. On the
other hand, if the incident beam be ordinary Eav.o—m:m&.w light, then after
passing through the quarter-wave plate, the beam will remain .E..vc_mlmmm and
will not be extinguished by the analyser. The analysing Nicol will simply
convert it into a plane—polarised beam and will not produce any variation in
intensity when rotated.

0 4.21. Elliptically polarised light :

We know that if, in a polarised beam of light, the vibrating particles can be
thought of as constrained to describe an elliptical path, the corresponding light
is referred to as elliptically polarised light. In elliptically polarised beam, both
the amplitude and direction of vibration continually change.

If a plane—polarised light is shown on to a quarter-wave plate so that the
direction of vibration is inclined at any angle other than 45° to the optic axis
of the plate, elliptically polarised light will result with the major axis or minor
axis of the characteristic ellipse parallel to the optic axis of the plate:

‘We know that two rectangular linear vibrations of unequal amplitude when
superposed, in general, give rise to an elliptical vibration. Hence, an elliptically
polarised beam may be supposed to be a combination of two such plane-
polarised beams. If elliptically polarised beam is viewed through a Nicol prism
which is slowly rotated, some variation of transmitted intensity can be seen but
at no orientation of the analysing Nicol will there be complete extinction. It
appears that a mixture of plane-polarised light and unpolarised light (or, a
partially plane-polarised light) is incident on the analysing Nicol. Under these
circumstances elliptically polarised light cannot be distinguished from a

hr-msg between elliptically polarised and partially plane-polarised
To distinguish between the above two types of beam, the light should be

9 Analysing nichol

~ . Rtk » R0
C Eﬁ T 1o ™
g_._ ft polarised

Pig. 430

allowed to pass through a quarter-wave plate before it analysing
E???Ersitfﬁhw&aﬁ
along the major or minor axis of the characteristic ellipse. The elliptically

10r>§m>302 OF LIGHT

ua_:_.mx:: beam on entering the o

plit up into two unequal
and thus having a phase_
_:c:m.._ phase—difference of

t& U—Nﬂ@. -m -

after passing through )/4 plate T beam becomes plgne- ;

rotating Nicol will give two m he emergent | polarised
rotation. On the other hand,
change in its nature will be

. is partially plane-polarised, no
no orientation of the analys

_u_..u&_._omn Uw:.__mc
ing Nicol, will the ﬁ.ﬂmﬁﬂﬁrﬁmras -

04.22. Mathematical treatment of
and eliptically polarised beu« ”anco:o: of circularly polarised

Consider a plane polarised light, incident
to the optic axis. The component B, wi :3.5»5 on a plate of uniaxial at
optical axis (Fig. 4.31) will travel EM%.? parallel to the |, o ot parallel
the component A as O-ray. It follows that when HM.M..E 2 E-ray and )
the crystal plate, there will be a Phase—difference vanﬂuﬂg |
%Eowmungnss_uaumup.ﬂounngﬂnuniﬂnf LS Y
difference between the components after leaving the Ml otk | ey
he) Where ¢ is the thickness of the plate ood __. 8l /c

‘. Phase-difference § = 21 it = 2% P iRE

rence § = Y ang.:ﬂlaf:_{.lg ~ - « [0-rayl

A is the wavelength of light in free space g
?nggsu&&nnﬁagg.. two SHM's whose :

@ - oy
Sﬁwlngus.ﬁuwoagmh&agéugnﬂml Fig 431

Y - - - »
#ggg,gawggﬂgag?ngEEaEg%

components of which it is composed written
Y =Bcos (ot - kx) or, y = B cas C b s

i ()
-Eulbanﬁanlbu+33.uub8aﬁ+u_
From (i) cos C = y/B.

From (ji) 2/A = cos C, cos & - sin C sin &
A “¥Beosd +1_ 2,52 sins = zA

2 3
Squaring, (1 - 8% sin®s = 5775 e 8+ 57 corl
o (1 - y¥BY sin% - (43/BY cos?s = +HA? - (De/AB) cos §
Gn..nﬂua = wu.wllmmau.ﬁ.w“-.
This is the equation of an ellipse.

s = H-«!i‘rl‘.»t\k-+i‘igsgiﬂg§owﬁo

.-_Lrﬂ.._”.. along y and s directions. Now light of the above type emerging from the plate is
of § =8 +w2 and A = B, the equati
beco ‘&i%gil&i + equation

be A* which is an equation of a circle and the corresponding light is said to
94.23. General discussion on different types of polarised light :

can 2% can be the different nature of light in respect of polarisation ? Light
be (i) unpolarised (ii) plane-polarised (iii) circularly polarised (iv)
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elliptically polarised or (v) partially pl
real nature ? We can find the real natu
and noticing the variation of intensity ©

polarised. If there is no intensity ,_E,S
Nicol is rotated, the original beam 18 2:.-

othe some intensity varia . be .
Wbﬁﬂ»ﬂﬂ Em”w@r”ﬂ‘n light is completely cut off by Nicol, the original beam is
either elliptically polarised or partial

En@vngcru&wmno—_asm_

ane-polarised. How can we find out the
re by allowing the light to fall on a Nico)
f transmitted beam when the Nicol jg

tion of the transmitted beam ag  the
er circularly polarised or unpolarised.
tion of the transmitted beam is found

ly Enuolto_ﬁ.mma_ To memorise the results

Nature of light
incident on the Nicol

Variation of inten-
sity of the
transmitted light as
the Nicol is slowly
rotated.

=

Inference

(i) Unpolarised or
WY

(ii) Plane—polarised

(iii) Partially plane-
derinad or olfioticall
polarised.

(i) No variation of
intensity

(ii) Variation of
intensity and complete
extinction at a given

—

(i) Variation of
intensity  but no
extinction at any
position of the rotating
Nicol.

(i) Original light is
unpolarised or
circularly polarised.

(ii) Original light is
plane—polarised.

(iii) Original light is
partially plane-
polarised or elliptically
polarised.

The alternative nature that has been mentioned in the inference of (i) and
gg?ﬂgi:‘gnrgalﬂggw —u—hho as mentioned
arts. 4.21 and 4.22. So a beam of light, whatever may be its nature or state of
%ﬁf@ﬁi:ﬁ?ganzms_ and a quarter-wave

0 4.24. Babinet's compensator :

P Og&ﬁng&ngl-sﬁngliﬁev_wﬁa:E_.
it produces only a fixed path-difference between the E-ray and the O-ray and
can be used only for light of given wavelength, For different wavelength?
Egiﬁﬂ;&ﬁs!&lssgcsﬂ This

inconvenience has been removed
a desired path-difference

by designing a compensator by means of which
can be introduced between the E-ray and the O-r3Y

?iwglulg.-aggggmc:ﬁ

inventor Babinet.

POLARISATION oF LIGHT

Fig. 4.32 shows the section of the com ol .
wedge-shaped pieces of quartz A and B isﬂm awm_ WMMm_ﬁmaH m& s.aau
the quartz A is parallel to the crystal surface while ; ptic axis o
that of the quartz B is perpendicualr to the surface
The plates have, therefore, their optic axes ey u__u“
perpendicular. As a result, the E-ray in A will behave
as ordinary ray in B-while the O-ray in A will balave
as extraordinary ray in B. Suppose, a plane polarissd
light is incident normally at P on the prism A. The
ray will be broken into E-ray and O-ray in the
and they will travel along the same direction with Fig 422
different velocities. The path-difference introduced between the after th
have travelled a distance PQ = (¢;) in the pelion ik divias _uw_.nwu ey

6 = (ne — pglty.

The rays then enter into the prism B where E-ray becomes the ordinary ray
and O-ray becomes the extraordinary ray because the optic axes of the prisms
are mutually perpendicular. When the rays travel a distance QR (= ¢;) in the
crystal B, the path-difference introduced in given by 83 = (yg - 1 )fo.

.. Total path-difference between the rays

3 =8, + 5
= (ke - Hot1 + (o - )tz
(e = Ho) (81 - 1)
2x

Hence, the phase-difference between the rays = 5 X 3

= - (-t

The crystals A and B are so mounted that A is fixed and B can move along
the side of A with the help of a rack and pinion arrangement. Sliding the
crystal B, (#; - ¢3) can be given any desired value and hence any desired path-
difference or phase-difference may be introduced between the rays.

If, however, #, = t; i.e., PQ = QR, the net phase difference is zero and the
incident plane-polarised beam emerges from the compensator without any
change in its nature. On either side of the direction PQR, the phase—difference
will evidently vary symmetrically.

04.25. Rotation of plane of polarisation ; Optical activity :

i nicols and N3 be kept crossed and a beam of
S o Mgt 1f two = . monochromatic light be sent
through them, no light
emerges from the second nicol
Nj. Light, in passing through
the micol N; is plane
polarised with vibrations
parallel to the principal
section of N; but as the
principal section of Nj; is

Pig. 439 perpendicular  to  these
vibrations, the nicol N3 obstructs the light [Fig. 4.33(2)]. If now, a calcite plate
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s . i scular to its refracting face, be interposed between
e o b ronin herced by Noa o,
This shows that the calcite plate cannot bring about any change in the state
of polarisation of a beam. If instead of the calcite plate, a m.Sﬁgl.ﬂ cul quarts
plate P be interposed, some light will come out of the nicol .)ﬁ_ﬂﬁ_. 4.33(b)),
The light can be completely extinguished by turning the nicol N a little more
from the crossed position. This shows that the beam s_,_bq. coming out of the
quartz plate remains plane-polarised but the plane of _uo_m_._mﬁ_-o_”_ has to some
extent turned through. The angle through which nrm. n:..”;v.m_ ng q.=nc_ N 2 has to
be rotated further in order to obtain complete extinction of light, gives the
angle of rotation of the plane of _uo_uimwno:'on Gm beam. ;

This property of rotating the plane of polarisation o.q a u_mzmq_ua_m..ﬂmma beam
is known as optical activity. The substances which _...ﬂsm about omﬁnm_ activity
are called optically actives substances. Quartz is an optically active substance
but quartz when fused loses its optical activity. This shows that optical activity
depends upon the molecular arrangement of the substance.

Optically active substances are divided into two classes :

(i) Dextro-rotatory : Rotation is said to be dextro or right-handed if one
looking along the path of the beam towards its source, the rotation appears to
be clockwise. The substances causing dextro-rotation are known as dextro-
rotatory substances. Some quartz crystals. cane sugar etc., are the examples,

(i) Laevo-rotatory : Rotation is said to be leavo or left-handed if on looking
along the path of the beam towards the source, the rotation appears to be anti-
clockwise. The substances causing laevo-rotation are known as laevo-rotatory
substances. Some form of quartz crystals, fruit-sugar etc., are the examples.

Besides crystals, liquids like turpentine, sugar solution etc., also exhibit
optical activity. There are some organic substances whose chemical properties
are identical but optical activity is opposite. Quartz crystals are available in
ﬁ forms whose optical activity is opposite but otherwise they are exactly
0 4.26. Specific rotation :

Rotation of plane of polarisation produced by an optically active substance
depends on :

8 the __!._nﬁ. of the substance traversed by the beam.

%U.F density HMN_-@ or Baﬂwg (if solution) of the susbtance.

wavelength incident light.

(iv) the temperature of the substance,

o..nﬂ&!&.a-:grgn&&ﬁ&?%a which is
ha_ﬁ.ﬂ temperature (t) and a given wavelength (1) of incident light,

_._.._is,. @ substance is defined as the rotation produced by

.. > (e, hhﬁﬂ-&o?hgoﬁgg (for solid) or of the

solution of unit concentration (i.e. 1 g of the optically . 3
. . optically active substance in 1 ¢m

of the plane of polarisation of a plane
travels a length of { decimeter of a substance (solid) '

POLARISATION OF LIGHT
6
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the specific rotation, ﬁm_w = 7=
P

Similarly, if ¢ be the concentration of a solution (i.e., 1 g of the substance

3 :
present per cm of the solution), the solvent being assumed inactive
A )
ﬁmu_u - le:

7 4.27. Rotatory dispersion :

It has been mentioned in the previous article that the amount of rotation
of the plane of polarisation by an optically active substance depends on the
wavelength of the incident light. As a matter of fact the rotation is
approximately inversely proportional to the square of the wavelength i.c.,

1

fx—
?n

Thus, the rotation is least for red (i = 7000A°) and ﬂ
greatest for violet (A = 4000 A®). If a graph is plotted
between the wavelengths (L) and corresponding g

rotations (6), a curve of the form shown in fig. 4.34

is obtained. Thus different colours are rotated

through different angles. Hence, if white plane- s
polarised light is passed through quartz along its Fig 434
optic axis, the field of view appears coloured i.e., white
light is decomposed into its constituent colours due to different optical rotation.
This phenomenon is known as rotatory dispersion.

1 4.28. Polarimeters :

These are instruments for measuring the optical activity of liquid selutions.
Measurement of optical activity has been found useful and wide applications in
gunnggﬁngomuuuﬁﬁnﬁgswnﬂﬁ.??&&b
diabetic patient etc. In sugar factory, the instrument 1s used to ascertain the
percentage of sugar present in cane juice. The instrument is known as
Saccharimeter when they are solely intended for sugar analysis. .

Fig. u.mmmroﬂmﬁrouﬁlggomuvo—%#%%gEB_n

_ L I S
: o L7 E= Y\ OB
Fig. 4.35

Ny capab rotating about & common axis. A tube T, with mouths
n—ﬁﬂw“—g- n_nnou” _,En:x Wu.ES_dooon_ between the nicols. The Euo.u, may
be filled with the optically active solution. S is a source of monochromatic light.
?gofggvnoﬁvqgmnr-sﬂ&wﬂ:qmsgggs.n%ﬁs
complete extinction of the emergent beam. The tube is then filled with the
solution. The field of view of the telescope E now brightens up a little. The
analysing nicol N is again rotated slowly til the field of view is darkened. The
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difference between the two positions of the analyser gives the angle of rotatjqy,
n. )
omﬂ.”ma ﬂnﬂ%m“m%o”“%“ﬂw. the instrument as described _wvcﬁ._ is not very
accurate due to difficulty in setting the E._Ew.m...q to the exact ma::crc_.. point.
Many devices have been introduced to increase sensitivity of setting the
analyser, the most important being half-shade plate n.._.n.ﬁmmm by Laurent. The
half-shade plate is used with a given wavelength of light, usually the sodiym
__wrmwrhwla}n&n plate: It is a round plate (fig. 4.36),
one half of which is made of quartz SQ.&._ and ”.rm
other half glass (APB). The quartz v_m:.” is Q”_n with
its optic axis parallel to the line AB wm:._ its thickness
is such that it introduces a path-difference of A/2
between the O-ray and E-rays. The quartz plate in
fact, is a half-wave plate. The thickness of the glass
is such that it absorbs the same amount of light as
the quartz plate does. Fig 4.37 mw._cﬁm the
arrangement of Laurent’s half-shade polarimeter.
S is a source of monochromatic light suitable for the half-shade used. The

L N, H T N
e/~
H===AVAL

|||||||| )

Fig. 4.37

rays of light are rendered paralle]l by the convex lens L and they are incident
normally on the half-shade plate H after passing through the polarising nicol
Nj. T is a tube with mouths closed by flat glass plates. It may be filled by
optically active liquid. The light after travelling the length of the solution falls
on the analysing nicol N3, behind which is placed a telescope E. Light emerging
from the analyser will be visible through the telescope. The analysing nicol Ny
and the telescope E are enclosed in a tube which can rotate about the axis of
the whole instrument. The angle of rotation is measured with the help of a
circular scale and a vernier.

Procedure : Taking distilled water in the tube T first, the analysing nicol Nz
is slowly rotated till the two halves of the field of view AQB and APB are
dually dark. The position of the analyser is read from the circular scale and
&ha:ﬂ?-iﬁsrsfuggeﬁ_a&uﬁgs quantity

substance (say, sugar) in distilled water, and the tube T is filled up with

of pe it will be seen that the two
&ﬁﬁhﬁﬁsgaﬁégggésﬁﬁc&g

‘e analyser Ny is rotated further till the two halves of the field

Iy

understand the working of the half-shade plate, let us ©0n*i%”
Eﬂﬁgnggﬁoﬂnﬂrinﬁr-a&

- component of vibration incident on th

POLARISATION OF LIGHT

that the plane of vibration ig par 153

al 3
lel to Op (Fig. 4.35). It is evident that the

e gl : :
it mﬂ S ..3.__.” cﬁmﬂ component m:n.am:m MM«%MR”LM#MM J:._“mmﬂmm.mﬂ hraugh
bro m:_. c__u .M o; ‘Tay and E-ray with vibrations um_.m:m_v wa 0% sm: be
T tn 1o CTPORGNts pase through the half wave olote. - ber
a_:.onm:n.m of is 5:.:&..3& between them. As a result, wh 4Mu ate, a phase-
can consider :._m_. the vibrations are parallel to OA m:m 0%:%: ey come out we
toa m_w._._ Tmﬂc_mq_mm._u_ beam imr vibrations paralle] 0g'. Both :..mmﬂwsuwnm“““ wa
ﬁ:&ﬁ:m_ H »men_:‘_”mﬂhm,—mw with AB. Instead of the incident rays with vibrations
v.E.. d OP .r e m_.am._.mmn.. ray with vibrations along OP and 0Q’
0Q N O v onake equal angles with AB, the optic axis. If the principal section
ok s Snaiywee .:—no_ I8 set parallel to AB, the com nents of OP and 0Q'
UE.P:Q— to AB (i.e., PM and QN) wi po 0 an Q

1l h 2
result, the two halves of the field of o ave small but equal amplitude. As a

33_:8 ..
This is referred to as two halves being equally M_HM_@ but feebly illuminated.

If the principal section is, however, set perpendicu
of om., m.“a ma‘ parallel to CD (i.c, OM and ON) wm_s_hw_ M”M but .MHM
M.Mwﬁ rm m.Mm. MMM&:@E@ the two halves of the field of view will be equally

If the principal section of the anal i iti
of the field of view will be T R T
brighter than the other.
For example, in fig. 4.38(i)
and fig. 4.38(i)) the
components of amplitude
ON and OM are not
equal. In the first
position, OM is greater
than ON while in the
second position ON is
greater than OM. This
will produce unequal
illumination of the two halves of the field of view. It goes without saying that
during one complete rotation of the analysing nicol, the intensity will be twice
maximum and twice minimum,

ZQ’__. suppose that when EQ tube H-
position, the two halves AQB and APB of the
field of view are equally dark. In this
condition, it is clear that the principal section
of the analysing nicol N is parallel to the line
AB midway between OP and OQ. If the water
in the tube T' is now replaced by the solution

der test, the ,_vwnbo of ﬂo—%ﬂcﬂ of the
light will turn and some light will emerge
from the nicol Na. Consequently OP and 0Q
Fig 4.39 will turn to OF and OQ' respectively

(Fig. 4.39). This means that AB is no longer in the midway between OP' and
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0Q' and the two halves of the field of view will not longer be equally dark, T,
make the two halves equally dark again, the principal section of the analysing
nicol N should be turned to the position OA' so :i_ It occupies a midway
position between 0@’ and OP". It is evident that in this case, LAOA' = 0 giyeg
the angle of rotation of the plane of polarisation.

04.29. Biquartz polarimeter :

One of the disadvantages of half-shade plate is :_.m—,: can not be used with
any other wavelength of light except that for which it is w?um:.ma“ Biquarts is
free from this disadvantage as it can be used even with white light. Quart;
crystal, we know, may be dextro-rotatory as well
as laevo-rotatory. A biquartz consists of two
semi-circular plates of quartz cut from 1%:%
handed and left-handed samples. The semi-
circular portion APB in the fig. 440 is made of
%EEEE%%%O@E -

equally in the opposite directions through 90°, Fig. 4.40

The biquartz plate is placed in the position of the half-shade plate H, just
%?E&n&.} (Fig. 4.36). If the analysing nicol N5 be so set that
its principal section is parallel to that of the polarising nicol Ny, the two halves
&#E%iéggggm the vibrations of the

If the incident light be white, different wavelengths of the incident light will
ﬁﬁigﬁégﬂ&aga&oﬁ?iwﬁr,
S _mﬁ_.n...ag _._Bniﬂ.ruggaonvugonnawﬁn The
. <5 gl %glﬂfgégnﬁn&aﬂﬁl

ﬂhﬂ“ﬂ”ﬁ&ﬁo !F_w-ﬂ...“r is called sensitive tint or tint of passage.
half will appear bluish and is slightly turned towards right or left, one

the other reddish with a marked ing th
two. , line separating the
i et e e
G0 of view the tint o
fu ggﬂ”&??gﬂaﬂgﬁirmz
readings of the two positions of the
Rﬁoiﬂoaﬁggfﬁcao:r
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jon Sound in volum i .
“MM.__E& the Rllowing ”a I of this book. Following the above principle, Fresnel
(i) A plane-polarised beam of light incide
crystal, is 8plit up into equal and opposite ¢
enters into the crystal, One of the circularly
and the othei is left-handed.

(i) In an o, tically inactive crystal like calcite e 2
polarised beams travel with same angular velocity and on Hﬁ%ﬁnﬁuﬁw
crystal, u..on._:nm a plane-polarised beam again without any change in the plane
of polarisation,

(iii) In an optically active crystal like quartz, etc., the two circularly
polarised beams travel with different velocities. If the crystal is dextrorotatory,
the right-handed circularly polarised beam travels faster than the left-handed
component while in a laevo-rotatory crystal, the left-handed component travels
faster than the right-handed component. As a result, when they come out of
the crystal, they produce again a plane-polarised beam but the plane of
polarisation of the emergent beam rotates clockwise in the first case but anti—
clockwise in the second case.

Suppose, a plane-polarised beam is incident on a crystal along its optic axis
YOY'. When it enters into the crystal, it will be v

\\ P 17;

nt parallel to the optic axis of a
ircularly polarised beam when it
polarised beams is right-handed

split up into two equal and opposite circular
vibrations. If P; and P5 be the generating points
of those two circular vibrations, then in a crystal
like calcite, their velocities will be equal and

opposite. If P; and P; are supposed to start X X
simultaneously from Y in the opposite directions,
[Fig. 4.41] then it is easy to understand that in
the circumstances, their resultant will be along

YOY'. Consequently when the circular vibrations Y

come out of the crystal, they give rise to a linear A

vibration along YOY' i.e., a plane-polarised light ,

with no change in the plane of polarisation. Hence, calcite crystal cannot cause

Ew“ﬂe.mﬁ %-nsa%"wp_ be leavo-rotatory, then the component Py moves ?moﬂ.
than the component Py. If the generating points
be supposed to start simultaneously from Y in the

Y
2 ovﬁoﬁs&gnnggmbﬁumﬂoﬂrhnm»
R makes a complete rotation and arrives at Y again,
' the other generating point Py will lag behind and
X 0 X Einrﬁovesn?ﬂgmu?omu.?ﬁ.

Hence, there will be a uwnuow&noﬂuno between
the two and the phase angle is £ZP10P; = 5(say).

When the circular vibrations come out of the
&-Egﬁiﬁﬁag&gounbm

Y hence produce a plane-polarised beam again but

Fig. 442 Eu%nﬁ&%ﬁ?ﬁiswugﬁw@

i e e of polarisation.

place along the direction OR. Hence, M_“,eoﬂg%u of the plane of po on
0= =3
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on and thickness of the crystal;
larisation may be expressed in termsg

156

Relation between angle of rotath

tation of the plane-poiaris :

.H._umnwwom“ s "“.m the crystal in the following way. .

of the ess O of the plate and the velocities of right-handed and

et ».vm :.._nwﬂvmmmn ns be Vg and VL respectively (Vp > ,.._,m;. Now, the

_u.?.r-bmon Muﬂuﬂwnhgﬁa“u Ew the two components to Cross the thickness of the
difference o

In:ln,lTle
crystal plate = 7"V " (Ve VL

s (N SR . A
:ES.EnEBTuﬁmg% mnnnl.: c.a ﬂru isoumﬁ_m?mcamr

uﬂ..mm.w. Mﬂ wﬂ%ﬂ»ﬁh W-“Mm.ﬁw and velocity of light wave respectively in air,

A
then, T = v ;

= rv-% w 2rx
. ELASRAS P — pr), where ug and py are the
hence, § = T"H Vg V) A (kR - KL

refractive indices of the crystal for right-handed and left-handed vibrations

...gaaﬁgaumumfuct ...... (1)

Experimental verification of the theory :

On the other hand, for 3 right 1r. o edium and R-prism as a denser 0*
a8 s Tight-handed circular vibration, L-prism will behaV®
ngiggilngggzggﬁgn
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ray, coming from a rarer medium is refy
medium, the ray bends towards the base o
Let us see what happens if we a

acted through a prism of denser
f the prism.

i pply the aforesaid principle to the above
combination of L and R quartz prisms. The prisms are so cut from the quartz

crystals that their optic axes are perpendicular to AC or EF. In other words,
the optic axes o.*, 2.6 prisms are parallel to the base CDF. Consider now a plane—
polarised light incident normally on the surface AC of the first prism. When the
beam enters the prism, it is broken into two circularly polarised beams which
travel in the same direction with different velocities. As the two circularly
polarised beams enter the second prism, the right-handed vibration is deviated
towards the base CD and the left-handed vibration in the opposite direction
because the prism BCD being left-handed is denser towards the right-handed
vibration but rarer towards the left-handed vibration. When the beams pass
through the prisms BDE and EDF in succession, their separation gradually
increases due to the above reason. As a result, if Fresnel’s theory is true, we
should get two circular vibrations after emergence from the prism—
combiantion—one anti-clockwise and the other clockwise. Analysing the
emergent beam with the help of a quarter-wave plate it has been experimentally
found that the emergent beam actually consists of two circularly polarised

beams with opposite vibrations. Thus, Fresnel’s theory of optical activity is

experimentally verified.

0*4.31. Some optical phenomenon involving light, magnetism and
electricity :

Since light is an electromagnetic wave, electric field and magnetic field have
significant effects on light. Faraday, Zeeman, Kerr and others investigating into
these phenomena, discovered several important magneto—-optical and electro-
optical effects.

(a) Faraday effect :

When a plane polarised beam passes through a glass block, no change takes
place in its plane of polarisation because under ordinary circumstances glass is
not optically active. But Michael Faraday in 1864, noticed that if the glass
block be kept in a strong magnetic field, the block temporarily acquires the
property of optical activity and rotates the plane of polarisation of plane
polarised light. This phenomenon is known as Faraday nawa :

Consider an unpolarised beam incident normally on a nicol prism Py, When

Optic axis (2L . A e R - Opicaxia
") iv@i__. H Ear

E:E_E:
= .

Fig. 4.44
it emerges, it becomes plane-polarised with vibrations parallel to the optic axis
of the nicol Py. The an.B is then allowed to pass through a hole bored along
the axis om-bﬂ._b&d.awnuan (M - M) and then falls on the analysing nicol P,.

* For North Bengal and Kalyani Universities only.
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ace betwec
h the electromagnet (i.e., withoyy
r_..,.,n_m__m P, and "

sn the pole pieces of he

has been kept in the SP
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A glass block A flows throug
i¢ axes of tl

ﬂwﬂﬂﬂgaﬂm—uﬂﬁ. If 4 he © tic .
¢ field) and the oP h, will emerge from the analysing

applying the Enw.n_.u )
_un».n_?:cmnn—. othe he analyser and keep it In a _n_.:,nm:d position
icol P [Fig: 4.44). Now ﬂ.zhpm.ﬁ M.m:_ In this position, no light will emerge

with respect to the %_imﬂ_nmamm%% feld is applied on the glass block A by
o electromagnet, it will be seen that some

although it is still in the crossed position.
T tion of the plane polarised light hag
.. indicates that the Eﬂw.”vom analyser P2 be further rotated so as to block

undergone some rotatio: S the analyser gives the angle through which
rned. It is found that this angle depends on (i)

. otion has turned.
Ewmr_bo mnﬂaoﬂ.—.““ﬂ”ﬁh“m&n feld and (i) the length of the glass block
the Egﬂwu:nvr If 8 be the angle of rotation of the plane of polarisation,
ﬂﬂwdﬂdﬂ&
then, A= HN.T«.M.
_ intensity of magnetic field and | = length of the glass block

Here, ﬂw :M””nnw_hu.qw = a constant. The constant is however, known as
Verdet's constant.

Characteristics of Faraday effect :

(i) The rotation of plane of .<ation is found to be the greatest when
light travels along the lines of force of the magnetic field and the least or zero
when light travels perpendicular to the lines of force of the magnetic field.

. i :eo direction through the electromagnet,

(iii) If the beam of light goes through the block of glass one way and is
reflected back the other way through the block, the rotation of plane of
polarisation is doubled. In the case of optically active substances, the direction
of rotation is reversed with the reversal of the beam of light with the result that
rotation for one way of light is cancelled by the opposite rotations for the
reflected way. This is the main difference between ordinary optical activity and
optical activity induced by magnetic field. For this reason, if a beam of light be
sent to and fro along the direction of lines of force through the glass block the
b : ' L] .
gﬁu nulnw!uvwn& due to repeated reflections.

he spectral line emitted by excited atoms split up into a doublet or & triplet
e L
as Zeeman effect di by Prof n of a Emua@:a.m.a_ 18 .

As an example, let us subje .m Zeeman, a Dutch Physicist in1896. :
examine the spectral Ea!ir« » EN__ sodium source to a strong magnetic field m“, ;
each spectral line is split into two resolution spectroscope. It is observed .
right angles to the direction of &..s. more components. If light is examin®
into three components. One of th ‘magnetic field, then the original _mbm_mm._u___

of these line is in the same position as the OTiF'"™

POLARI
SATION OF LIGHT 159

jine and the other two lines are on the two sides of igi i

. , th
outer lines, .ﬁ:m_._ mxm..:.:._mm by means of a nicol prism mMM”mMMH«HW .wm.msmow”m
to be polarised at right angles to the original line. The effect is known
ransverse Zeeman effect [Fig. 4.45(i)). ; o e

If observations are taken along the directi ; .
axial hole in the pole- 8 the direction of magnetic field by boreing an
ﬁ_ﬂ
A

e
e

olectromagnet, there is no e
—
M
f._u

t

line in the position of the
o:.m.im_ gpectral line and
only two outer lines are
esent. The lines are

pr ‘.
found to be circularly zﬁuﬂ_%?sﬁ

ﬂ.o—ha._mm& in  opposite [ .
directions [Fig. 4.45Gi)). : Ewm._u.nun field (H)
This effect is termed as ) (i1)
longitudial zeeman effect. Fig 4.45

The above effects are observed under a strong magnetic field and are generally
known as normal zeeman effect. If weak magnetic field is used to split the
spectra lines, many other lines are found to be present and the effect is then
termed as anomalous zeeman effect.

Fig. 4.46 shows an outfit for observing zeeman effect in a laboratory. The
normal zeeman effect is explained on
Lorentz electron theory or more
conveniently by quantum mechanics.

<—Discharge  (¢) Stark effect :
{ube If instead of magnetic field, the
spectral liens are subjected to strong
N @ electric field, similar splitting of lines
¥ occur. This phenomenon is known as

stark effect after the name of its
discoverer J. Stark of Germany in
1913. Like zeeman effect it is also
classified into fransverse and
Fig. 4.46 longitudinal effects depending upon
. whether the direction of observation

is at right angles to or parallel to the direction of the applied electric field.
Quantum theory offers a satisfactory explanation of Stark effect.

(d) Kerr effect :

ggg%ﬂmﬁoﬁarggggaﬁﬁr 1.3 in connection with
the determination of velocity of light. :

1t is an electro-optical effect, first observed by John Kerr is 1876. Normally
Etﬁoﬂdvmn.uﬁirouuvmooo&% : .
capacitor on which an electric field is applied, the piece becomes doubly
refracting. A ray of light passing through the piece splits up into E-ray and O-
ray which travel with different velocities. One of the components is polarised
with its plane of vibration along the direction of Eo.n-oann field, whereas the
other component has its plane of vibration perpendicular to the electric field.

To Spectrometer

L
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The two components traversi m_mnmzﬁ introduced between them which is giyey,
have a path-difference of i_wmﬁn, constant for the substance used. One of h,
byn = KIE® where K is mrm Mnoum Kerr effect is nitro-benzene for which the
common substances w&.ﬂiﬁm 8 citor having nitro-benzene placed between, e
value of K is 2.7 x 107" > nﬂvmﬂ Such a cell placed between two crossed nicolg
plates forms a Kerr cell (Fig. 1.5). f an electric field. If the field is switcheq

Ar ce o .
will not pass any light in .r_wmwnﬂﬂm like a doubly refracting crystal and hence
on, En.dl&mﬂmmua starts £ light through the nicols. This property of a kerr ce|
passes a certain Eo:..n”“:.“bmq the velocity of light. (See Kerr cell methoq,

is used to determine

0*4.32. Laser :

Light Amplification by Stimulated Emission of Radiation’,
“Laser’’ means

produ tense beam i 1 tion is in ph
i of coherent light (i.e., .,&.m wave mo i phase
w“n all morﬂ,“”u_uma the beam) the wavelength of which corresponding to one

particular energy-l transition for a large number of atoms.
" = swo“.hnom radiation, an atom may undergo transition

According to quantum emits or absorbs a photon of the appropriate energy.

states if it
e e o s, r cxmapl s + ot and ke
a -ngﬂ to a higher energy state or level, the photon is said to have

‘stimulated’ the absorption. The atom cannot increase its energy
‘spontaneously’ i.e., in the absence of a photon. .

We might expect that the atom in its higher state ion_m_ emit a vroeo".,‘om
energy hv spontaneously in returning to its ground state i.e., the vﬂoc_.wc_rq
of emission would be independent of the number of photons present in .ﬂ_a
environment of the atom. But that is not the case. The probability per unit time
that an atom will decay to a lower energy state and emit a photon was found
to be the sum of two terms. One is a spontaneous emission term and the other
is a ‘stimulated term’ which is again proportional to the number of photons of
the relevant energy already present in the environment of the atoms. Further,
the photon produced by stimulated emission is always in phase with the
stimulating photon.

Einstein's A & B coefficient’s :

Consider an atom having two states [Fig. 4.47). N, and Ny are the number
of atoms per unit volume in states 1 and 2 respectively. Let u(v) represent the
energy density of radiation ie, w(vidy
represents the energy density in the frequency
interval between v and v + dv. Now absorbing

n?a.ggc.nﬂgé. State 1 |I.l.....ﬂ
nﬂ..ﬁ.n-s;.ﬁ.» . L ..=N
xcited atom will now emit photon and ~ absoption i
@g&a@gﬁugnsuf :
a&g.—:?g{mﬂg Ni

POLARIS
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¥ the number of stimulated
$0 to the radiation energy density u(v).
ed by w_. then NoB u(v) will represent
Per unit volume per unit time. The
tein’s coefficients. It may proved that

emissions per unit <:_:.Ec Per unit time. Final
emission will w.n. _U_A__n.ol_o: to N5 and g
If the t_.:_uq...ﬂ:::m_.:,v_. constant is denot
the number of stimulated emissiong

quantities A and B are known as Eing

3
vy =
mm.ﬁ1 B = A

The above equation gives the relatio

General principle of laser -

Let us consider the case of an atom w:
state of energy Eo, for which the probability of spontaneous emission is nearly
nil but that of stimulated emission js fairly high. Suppose, that somehow a
large number of atoms are injected into this excited state E. As the stimulated
emission term IS proportional to the number of photons present in the
neighbourhood of the excited atoms, these atoms will not decay until there are
photons of energy (E - Eg) present in the system,

If, now, a few photons of the requisite energy (i.e., E - Eg) are introduced,
stimulated emission will take place immediately and a number of photons of
the same kind will be available. This increases the number of photons, which
in turn, stimulate the emission of more photons. Thus, a ‘chain-reaction’ is
produced with the result that all the stoms present emit their photons very
rapidly. This process is called ‘light amplification by stimulated emission of
radiation’, since the original pulse of photons has been amplified into a much
more powerful pulse. The word LASER has been coined by putting the initial
words of the name of the above process.

The laser pulses have the following characteristics :

. () They are monochromatic because all the photons possess the same energy

. c.h
S_im.%m&oﬁ?emﬂo:ﬂamﬂmemwam:maomnrmwmﬂmﬁuqn_nnm»rw.u hrma.

n between the Einstein’s coefficients.

ith energy level E above the ground

where ¢ = velocity of light and A = Planck’s constant.

(i) They are coherent because all the waves are in same phase. .

(iii) They are intense because all the waves are coherent. Had the waves
been out of phase or non-coherent, the resultant intensity would have been
Proportional to n x a2 where a is the amplitude of each wave and n is the
Number of waves. As the waves are in phase, however, their EBN._ wﬁv:,:nm
FSES n.a and hence the intensity becomes ua—x._..:c:& to n=.a® i.e, the
Intensity becomes greater by a factor n than :.:: obtained from non-coherent
Waves. Since n is very large, the intensity is increased enormously.

(iv) They are rectilinear and almost parallel so much so that a laser beam
Sent from a tube of 30 ¢m diameter will have a divergence less than a kilometer
ir“.mmn arrives at the surface of the moon.

ey T

Fonﬂ“%n\.vom ..”Whh” types : (i) ruby lasers (ii) gas lasers (iii) lasers made

d -ﬂ-.—lgga " g ._—Eml_uh. and of m-_mﬂ—ﬁw.ﬂ_..ﬂﬂ.nﬁm different in
three cases, We oou.ﬂmq.#”_.ﬂﬁupﬂn wc.@ laser whose principle is as follows :

Ordinarily, in o system of atoms in thermal equilibrium with some kind of
¥252.1
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. ihution of energies, according to Boly
i ;ation, the distributi .
electromagnetic radiation, M

law is given by : .
g \E, -E;)Ki
-t =@
e !
i bers of
is the ratio of the num
g&rﬁiﬂﬂﬂ.mﬂﬂ E;and Ej ata S:.,ﬁa..mn:#__d ﬁ
T k being Boltzmann constant. Thus higher t M
n.uﬁ.ﬁw of a level, the lower is the ...:.:cﬁ. i Wn_
atoms in it (Fig. 4.48). This is called a ‘normal :__m. s
population’ of atoms among the available energy
E.ﬁﬁnﬁﬂioﬁg—nimna:!s
circumstances that is referred to as .to.o..mn:o.:
inversion’. In a ruby laser population inversion 1§
produced in the following way : Fig. 448
EBE‘EE%E&%E&F ._, s
state), E; and E; (Fig. 4.49). means of a flash tube, for e e,
Eq (ground 1 a large number of atoms is first excited or
SpocoReRe ‘pumped’ to an energy state E3 by photons
g of energy (E3 - Eq) shown by the stage no.
& 1 1. The excited atoms undergo spontaneous
ﬁ decay to the lower level E; emitting photons

Fopulation (m) —e

llm.i E “Nm.aﬁmulmuummmroiu wu;#omz.me
Now, the energy state E; acquires the
special property of having a large
Fig 449 probability of stimulated emission so that

atoms of this energy state are unable to

decay spontaneously. The energy state E, is thus surrounded with a far greater

rii..w!i“__n:lgsg..

stimulated g'll. Pﬂiwralﬁo.u requisite energy (E; - Eg) will now produce
" Description by chain reaction as described earlier.

Ruby i gg{ngﬁs?ﬁﬂ—o?ﬁa&uavﬁgngg.
.ﬂrnl_ﬂgwr about 0.05 per cent of the aluminium atoms

part in the laser action. The tube

consists of a hollow cylinder of

light-transparent ruby, one face of

which is covered by a fully

&i'ﬁii?%fﬂl

i_:_ silvered mirror. To

gn_llﬂ; e cvem Fig. 450

operates above g—?pﬂf over the cylinder, When the flash Wb
isﬁuog ‘g @ population inversion .u-_
wus:s:r!saaa.s!.! They are first excited to the energy "

& very short while to the extent of ***"

POLARISATION OF LIGHT

8 ¢ and drop into the level E; which is .
b _ § metastable, :
,_:::.,.___.:: to the ..ﬁ.:.:_,.& state is very imporable This means that a
nough for most of them to be triggered
[ 5

pandom radiation.

The function of the mirrors is to reflect the stimulated radiation backwards
and forwards _._.ai ends of _._.:.w nu._m_._nma and generate more coherent vronod,m.
rom the population all moving in one direction. A narrow intense flash
emerges from the _um:_n:.u silvered end, lasting for about a microsecond
geveral flaghes occur per millisecond when the xenon flash tube triggers as ﬁm:
as pumps. The output wave from a ruby laser has a wavelength . = 6943A°
with a gpread of only 0.02A°. ‘

Applications of laser include local melting, cutting and welding. A lens must
be used to concentrate p.rm beam on a very small spot in order to perform these
%m:.mo:m. The transmission of modulated signals over very long distances can
pe achieved with a laser beam. Its highly directional property makes it a
suitable device.for use in rader. Scientists believe that laser will be a valuable
tool for space research and investigations.

Gas (Helium-neon) laser : Laser action has been made possible in a mixture
of inert gases like helium and neon and this has helped the scientists to develop
gas laser which has some advantages over

solid ruby laser. Fig. 4.51 shows the basic Guartzibe Power sugply
features of a gas laser tube. A mixture of h

helium and neon gases (sometimes carbon

dioxide is also used) is taken inside a long M
quartz tube. The two ends of the tube are e eSS
closed by two optically plane mirrors M and _._ELE .

M. Discharge in the gas mixture is produced
by a powerful radio-frequency generator so e 48
that helium atoms are excited or pumped up to higher energy level. The neon
atoms are then excited to a higher energy level by collision with energised
helium atoms and population inversion is created. Stimulated emission then
occurs as the neon atoms undergo transition to a lower energy level. A He-Ne
laser gives out radiation of wavelength 6328A° in optical region. However
1.15um and 3.39um wavelength are also provided by He-Ne laser in near infra-
red and infra-red region respectively. g
A gas laser has several advantages over the ruby laser or the wo.gmmn solid
laser ; an important advantage being that the light is produced as a continuous
beam rather than in ultra-short pulses as in ruby laser. Further in ruby laser,
the crystal and other imperfections in solid cause a slight divergence of the
beam ang slight spread of wavelengths. In gas laser this does not happen.

_m_...m..mo. Laser versus ordinary light :

Laser Ordinary light

f

1. The =T 1. Ordinary light is not

goo&.:n v:fomﬂaﬂo“pwuq-: monochromatic. It is Sﬂwcmaa. of

photons have the same energy | seven different wavelengths of light.
the ground level and hence :

g

1
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i nw-.Qm:h:..ﬂ —mﬁ:n r:.lJlllrll
_ e

e ——— e _ —]

| s Ordinary hght is not coherey,

because the waves are not in phage

2. The light pulse from & laser is

highly coherent vsﬁﬁ.ﬂ.ré the
are in phase.

4 yohitiom : 3. Ordinary light is less inteng,

3. Laser ﬂcg are very intense _
- o T —

_ » Dr. D. Gabor in 1948

E na .—Uagm& —uu Dr. D. Ga ’.3:
?.ﬂ' n&n‘Q ook iﬂ“ﬂ meaning whole, A hologram contains the
i—i.ﬂﬂﬂl con of the wave from the object phase as well g

amplitude.

Real image

Virtual Imsage

)

Fig. 452

Unlike & normal two-dimensional image formed on a piece of paper by a

~ glass lens, & hologram provides a true three dimensional record of the object.

The hologram itself is two dimonsional but using a laser a three dimensional
image may be constructed. The hologram is formed by allowing a reference
beam to interfere with the light scattered from the object, using a mirror and
2 photographic plate [Fig 4.52]. .
The image of the object may be reconstructed from the hologram by allowing
.[I"-.‘-agg ?g If you move your head
and view the image from different positions you will see that it is truely three

dimensional
qg |
L. Caleulate the -
St rllecting surfuc with respct 0 the medium through which 8" **
I this case, o4y = tan p or, tan p = mu. =1 srs =

s N = ‘. |||.I|_l||..\\.\
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2.A _..:.5:._._.:._.. .‘:..:. an .‘::i.«_......:_ are ortented so that maximum amount of light
18 .....::..:z..:.i. To what fraction of jts maximum value is the ::mz.q:c .‘.rmﬂ
:....:.:,:._.:__i light reduced when the :_E___m_i_.%t_wa.hnnma Sﬁccwzmoam u..om

Ans. Let I be the maximum intensity of the transmitted light. According to

(he law of Malus, Iy = [, cos®d = | (cos 60"} uw“..___.
Iy 1
2 =1 =02
I 4

8. Calculate the thickness of a quartz half-wave plate for the line 6563A° for

which the extraordinary and ordinary refractive indices are pe = 1.55085 and
oy & A0S ; - [C.U. 1997]

Ans. Since quartz is a positive crystal u, > Ho; 80 if ¢ be the thickness of
the half-wave plate,

P g@m x HOIm g % -8
= = . 107° _
= 2, -ng) | 201.55085-154184) ~ 2000007 = 364 % 107 em.
4. Calculate the thickness of quarter-wave plate of quartz with % = 5.8 % 107 m:
4o = 1.553 and pp = 1.544. [C.U. 1985]
Ans. For a quarter-wave plate of quartz, we have,

A 52x10"" 59x10~7

= 35,-n,) = TA553-154) - 4x0009 - LSAX107 m.

5. A beam of plane-polarised light is changed into eireularly polarised light
by passing it through a slice of crystal 0.0028 em thick. Calculate the difference
in refractive indices of the two rays in the crystal, assuming this to be the
minimum thickness that produces the effect. The wavelength of light used i =
5.8% 1077 m.

Ans. For conversion of plane-polarised light into circularly polarised light,
the least phase-difference between E-ray and O-ray should be w2 Hence, the
crystal plate must be a quarter-wave plate (See art. 4.16), for which,

l.u
. Oﬁ-w‘ S “:—.lguﬂ.ﬂ”ﬂ“F'Ex—.qﬂu

4ln, - o) 4%0.0028 <107
ngzg&ﬁftgm&maigntiaognﬁih
{o the axis. Find the least thickness for which the ordinary and the extra-
oigéégagﬂgginﬁt% Given yo = 1.5442 ;
He = 1.5633 and ) = 5 x 107" m.

Ans, L iy to understand that the quartz plate should be a half-wave
Engﬂgﬁmb%g%h.ainroo-é

r«f?l .ﬁ.u.w. lap?aﬁ&ﬂ%mqg_&goﬁs

Mutually perpendicular and they travel along the same line, they will produce
“ plane-polarised beam on emergence.
Z’f-!nwu-lon-r-:.i-i_.ﬁs

= 276 x 10°° m.
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7. A tube 20 cm long

a polarised light, Eives

s ion cane sugar placed
iled with a solution can ea._:mf r d in thy
ﬂnn optical rotafion of 11°. Find the Strength f
: ’ cane sugar is 66°. IN.B 1 “_ the
;on, if the specific rotafior S e B.U, 90
solutio ; ) . h
100 Here, [SI} = 66°: 1 =20 cm; 0 < 1),

2 = 108

E. We know, ﬁmwu h.ﬁ..

bat), of

w0 = Q-uu*. ]
, indices of refraction of quariz for right-handed and lef.
a.ﬁﬂElu. = Fnlmhﬁmwﬁ of wavelength 7620A° are 1.53914 and M_MMMMQ
%MQ Calculate the rotation of the plane of polarisation of the light .a
Setrees produced. by a plae of 0.5 mm. thickness. i
Ans. The rotation of plane of polarisation is given by, 6 = wa.?r ~Mg) g
a dextro-rotatory substances (art. 4.29).
Eamun.o.bu!d&_a?u =05 mm = 0.05 cm ; ?h ~pg) = 1.5392)
153914) = 0.00006 and A = 7620A° = 7620 x 1078 em.
= x 0.05(0.00006)

d
7620x10°

Putting these values, 8 =
ax30 nx30 _ 180° -
B ™ T,

9. The rotation of the plane of polarisation (A = 5896 A°) in a certain
substance is 10° per cm. Calculate the difference between the refractive indices
for right and left circularly polarised beams in the substance.

Ans, We know, the angle of roation 5 is given by,

8= 2 (up-py) legn. () art. 4.29]

on 3 = Flup-ny) bere & = 10 = 1020 rogin
s ﬁuwm ntmlumv

5896 x 10
on, (kg —pg) ume’p?,ln = 827 x 10-°

R e s G .
is required to %:ﬁg.&égﬁi&%B?%&a@ﬁ

4 Bﬁa&.&:!ﬁﬂ.!g_&wuﬂm“
; glgnhlsqstﬂs - .
ﬂ'*'_gi. E.-

POLARISATION OF LIGHT 167

0= [SI) xxc=525x267 01 = 1409°
Again, for a quartz me..wc.qo_bpad._ plate, the angle of rotation
nx i L | .
~ ly.l,?r ~up) radians = |w|_?nirl x 150 degrees
n

X

QU (R
= 7600 <10°° (1.53920 - 1.53914) x 180 = uqowwxn
For complete annulment, nqmﬂxn = 14.02

or, x = 0,099 em. (nearly)
11. A certain length of 5% solution causes an optical 1
) P rotation of 20°. Ho
much length of 20% solution of the same substance will cause a 8»&“,@; of .wman.._w

Ans. Since same solution is used, the specific rotation will remain the same.
In this case, we have,

8 02 20 35 L x35x5
— = | x
N.__.ﬁu. MMON or, MH x m MN x NQ or, MM S 3 . 3

2 lp = 0.438 l; (nearly).

¢ QUESTIONS & |

O Essay type :
1. Write a short essay on polarisation of light.
2. Describe a method of polarising a beam of light by reflection.
[C.U. 1920; N.B.U. 2001])
3. State Brewster’s law. Show that the angles of incidence and refraction are
complementary when EEE%EEW%ES%&EBDE%
surface

4. meEn the principle and working of Biot's polariscope. What is Malus’ law ?
[N.B.U. 1982; C.U. 2004]

5. Describe the construction and action of a nicol prism. [C.U. 1963,'67,'87]

e.unnﬂ.mwoF@Sﬂﬂ?&au%naﬁ_ﬁwﬂﬁa%%agﬁ?:%
and (b) an analyser. _O.Fuws"ﬂﬂﬂ.-.ﬁ;gﬂ;—uos

7. Give an account of Huygens theory of double refraction in a uniaxial crystal. What
are positive and negative crystals ? Name a crystal of each type. .

8. Enumerate the steps you would follow to investigate qualitative a beam of light
for polarisation characteristics. The beam may contain (a) unpolarised and plane-
m.%a.& light (b) unpolarised and elliptically polarised light (c) circularly polarised

¢ only N vt

9. Describe a half-shade polarimeter and explain the action of its optical parts.

10. (a) Describe an arrangement for %sqa,aunr& . accurately the optical activity of
liquids, To what practical uses does its study ! b, T2 ; ,

(b) What is optical activity ? State with example the classification of optically active
substances, —.Aw..c. 2001)

:.?::E.?E-Ba%%u@.ﬁia% as being composed
of two equal and opposite circularly polarised lights.

12, Describe Laurent's half-shade polarimeter. In what respect is a bi-quartz better

than a half-shad
—P-. EF u”__.-_”.oom.- compensator ? Explain how this can be used to produce

) cireularly polarised (i) elliptically polarised bears
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polarised light () plane of Polarisagy,,
1

1CU, 1y
i ; . i * 1985
(iii) Extra-ordinary Ta¥ (iv) O.u:m Hﬂ_“..i in which of the types of waves - _..:r;_:_:_:.“
3 Jarisatic
t is plane of PO it
16. Wha! o occur ? 1999) Prove that when light sty ikes a plang Parajg)
-unngmd we-._ona_uwa!.iﬁpoq.u Jaw. [C.U. uum,_- 4 beam also falls on the second surfacq 4 o
i i angle, refrac

te at the polansing ‘ e ;
gioss plate & 27 g and unpolarised light INB.U. 399,
f i between PO » What is the difference between ordinary and

19. What is doubly refracting mﬂluu positive and negative crystals

inguish : larisation directio
rays 7 Distingui=sth = have their polan NS parallg|
%i sheels E._B_”__N._ i o that the intensity of transmitteq __m_w.:

je must one sheet 9
O o o third of the original Inte0sty |, [C.U. 199
is and quarter-wave piat o : 999]
21, What are half-wave tced light ? Can its transmission be prevented by 4,
23. What i v )
analyser ? ) o specific rotation for both solids and solutjoy
23, What is optical activity ? Define [C.U. 2001, "03)
it » What is the difference between a half-shade plae
24 What is 2 -shade plate -
and a biquartz plate ?

son some of the uses of polaroids.
25. What sre _l!.lﬂ..n_.ln!. Eﬁen a quarter-wave plate. The emergent light is vieweq
26. A beam Eﬁ What change in the intensity of light will be noticed if (i) the
through a rotating ced (i) the incident light is polarised with vibrations making
!ﬂﬂ ﬁ..u.? axis of the plate (iil) the incident light is polarised with vibralions
an (=
inclined at any ‘tttwr n.u_ iﬁl&pﬂﬂ% emitted by ruby laser and He-Ne laser
!.!.’II- [Burd. U. 2004
's A & B coefficients ? What is the relation between them '
".E 'J effect (b) Zeeman effect (c) Kerr effect. What do you
28, Write notes on (2) Faraday [C.U. 2001]
> Numerical . _
29. (a) Calculate the polarising angle for diamond surface, if the angle of _.maan..%‘_
of & beam of light through it is 12° when the incident beam makes an wumhuomqw .
B, A

!nnmiﬂ.ﬂnﬁugzﬂiﬁgfﬁv =yl
il‘ lass is 1.5: Calculate the Brewster’ for it. Em_”.
_if_itlrh..l | INB.U. S&ﬂﬂma 56° ; 33°%0)
0. (s) It in found that when light is incident on a glass block, the reflected bei™
index of glass }'tiag is 57°. What is En_ Mﬂmmﬂ
) The angie of refraction of an

e 3 na— [ 3 1 nﬂﬂ@—hq.u_—.n

(K.U. 2008) (Ans- '
e angle of ineider s oot lce surface, is found to be completely Pv1*"
~ T R A the refractive index of ice is 1.309- |

IC.U. 2005) [Ans. 62'36' (PP

__.w.:

POLARISATION OF LIGHT

a1, If the polarising angle of a piece of
pinimum deviation for an equilatery| pri

169

glass for red light is 60°, find the angle of
*m of same glass for the same light.

v b bl 21°50"
82. Determine the thickness of a ‘arter-waveplate for light of imé_m",.“ﬂuw mmmm..&m
for which the refractive index for ordinae - 15 1.54 and for extraordinary __.m.r. 1.55
[Ans. 147 x 107 cm]

'Y 0on a piece of quartz plate cut paralie] Lo
‘I-difference between ordinary and extra-

88. U "...__:-:.::._ __h_._._ 1 incident g
jte prine ipal axis. After emergence the [

ordinuy cay i M Find the thickness
ani = LOno A°,
(Hints ¢ The plate ia a half-wave plate]
34. Plane-polarised light is incident on a prece of quartz cut paral Fir
the least thickness for which the ordinary 3 b v gt

s : and the extraordinary mbine to
plane polarised light given that j; = 15442 and b = 15533, v.:aa g b

of the plate. Given yg = 1.54442 and y, = 1.5533
[C.U. 1993] [Ans. 274 » 107 cm]

=5x 107 em

. - W [Ans. 274 x 10~ cm)
35. A plane-polarised beam is incident normally on a Babinet’s 85_83!2%_.:

difference of the thickness of the two erystais of the compensator traversed by a light
is 0.0016 cm. Calculate the phase—difference het S Il Dent by e
if the wavelength of the incident light is 582¢". Give ue = 15633 and po = 1.5442.
[Ans. =/2]

[Hints : Use the formula ; Phase-diff = mu.m.t~l=o_ (ty~4)]

86. An unknown solution is suspected to contain sucrose and does not contain any
other optically active substance. If a 20 cm length of this solution rotates sodium light
through 1°, what is the concentration of the source ? Specific rotation of sucrose is 56°.

fAns. 0.0075 giem® )
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