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Content of Lecture 

Å RETARDATION PLATES HALF WAVE PLATE AND QUARTER 

WAVE PLATE. 

Å POLAROIDSPRODUCTION AND DETECTION OF PLANE, 

CIRCULARLY, AND  ELLIPTICALLY POLARISED LIGHT

Å OPTICAL ROTATION 

Å FRESNELôS THEORY OF OPTICAL ROTATION

Å SPECIFIC ROTATION

Å HALF SHADE AND BIQUARTZ POLARIMETER 
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RETARDATION PLATES

As we have already discussedthat when O-ray and E-ray are

emergingfrom the crystals,they havea path differencebetween

themdueto variationin their velocities. Thesecrystalsareknownas

retardationplates. Thesearemainly of two types.

Retardation 
Plates

Quarter 
Wave Plate

Half 

Wave Plate
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Quarter Wave Plate

A doubly refracting crystal plate having a thicknesssuch as to

produce a path difference of ɚ/4 or a phase difference of /́2

betweenthe ordinary and extraordinarywave is called the quarter

waveplateor ɚ/4 plate.
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Quarter-Wave plate 

ÅRetardation of ¼ wave or 90º for one of the 
polarizations

ÅUsed to convert linear polarization to elliptical. 
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A doubly refracting crystal plate having a thicknesssuch as to

producea pathdifferenceof ɚ/2 or phasedifferenceof b́etween

O-ray andE-ray is calledhalf waveplateor ɚ/2 plate.

Half Wave Plate
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Half-Wave plate (I)

ωRetardationof ½ wave
or 180º for one of the
polarizations.

ωUsed to flip the linear
polarization or change
the handedness of
circularpolarization.
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PRODUCTION AND DETECTION OF PLANE, 

CIRCULARLY, AND  ELLIPTICALLY 

POLARISED LIGHT
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Plane PolarisedLight

Production: When a beamof unpolarisedlight is passedthrougha

Nicol prism,thenits outputis linearly polarisedlight.

Detection: To detect plane polarised light, the emergentlight is

passedthroughanotherNicol prism which is rotatedgraduallyabout

the direction of propagationof light. If the intensity of the light

emergingfrom rotating Nicol prism varieswith zero minimum, the

light is planepolarised. Thedetectionof linearly planepolarisedlight

is shownin Fig.
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Vertical

Horizontal

)/sin( txAEy wl-=

Plane-polarized light

)/sin( txAEz wl-=
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Circularly PolarisedLight

Production: Circularly polarisedlight is producedif the amplitudes

of O andE componentsareequalandhavea phasedifferenceof /́ 2

betweenthem.

Detection: When a beam of circularly polarisedlight is observed

througha rotatingNicol prism,no variationsin intensityareobserved,

as it is in the caseof unpolarisedlight. Hence,to detect,it is first

passed through a quarter wave plate which converts circularly

polarisedlight into planepolarisedlight
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Circular polarization 
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Right circular

Left circular

Circularly polarized light

)90/sin( ¯+-= txAEy wl

)/sin( txAEz wl-=

)90/sin( ¯--= txAEy wl

)/sin( txAEz wl-=
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Circular polarization 
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Elliptically PolarisedLight

Production: The only difference betweencircularly and elliptically

polarised light is that in the later, the amplitudesare not equal. To

produceelliptically polarisedlight, the planepolarisedlight from Nicol

is allowed to fall normally on a quarter wave plate such that the

vibrations in the plane polarised incident light make an angle ꜠

[꜠Í0, 45Á, 90Á] with theoptic axisof theplate.

Detection: In order to detect elliptically polarisedlight, it is passed

through a quarter wave plate, before passingthrough the analysing

Nicol. Thequarterwaveplateconvertstheelliptically polarised
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Elliptical polarization

ωLinear + circular polarization = elliptical polarization
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OPTICAL ROTATION 

(ROTATORY POLARISATION)

üWhena planepolarisedlight passesthroughcertainsubstances,

the plane of polarisation of the light is rotated about the

directionof propagationof light throughacertainangle.

ü This phenomenon is called optical rotation or rotating

polarisation. The substanceswhich rotate the plane of

polarisationare said to be optically active,and the propertyis

calledopticalactivity.
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OPTICAL ROTATION (ROTATORY POLARISATION )

Å Biot (1815) gavethefollowing lawsaboutopticalrotation:

ü The angle of rotation of the plane of polarisation, for a given

wavelength,is directly proportional to the length of the optically

activesubstancetraversed.

ü For solutionsand vapours, the angleof rotation for a given path

lengthis proportionalto theconcentrationof thesolutionor vapour.

ü The rotationproducedby a numberof optically activesolutionsis

equalto thealgebraicsumof individual rotations. Theanticlockwise

andclockwiserotationsaretakenwith oppositesigns.

ü The angleof rotation is approximatelyinversly proportionalto the

squareof wavelength,e.g., for quartz,wehave

ü Angleof rotation =꜠ A +B/ɚ2
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FRESNELôS THEORY OF OPTICAL ROTATION

Fresnel made the following assumptions: 

(i) Theincidentpolarisedlight on enteringa substanceis brokenup

into two circularly polarisedwaves,oneclockwiseandtheother

anticlockwise.

(ii) In anoptically inactivesubstance,thetwo wavestravelwith the

samevelocity. However, in an optically active substance,they

travelwith differentvelocities. In a dextrorotatorysubstance,the

clockwise wave travels faster, while in the leavorotatory

substance,the anticlockwisewavetravelsfaster. Hence,a phase

difference is developedbetween them as they traverse the

substance.


