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. Vikings
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According to a legend, Vikings were able to navigate in an ocean even during ove
(dull) weather using tourmaline crystals. Study how it is possible to navigate usin
polarizing material. What ishe accuracy of the method?
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Representationof the sky
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Navigationusingsunposition
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We shalltry to determinethe positionof the sunby studyingthe

polarizationof the sky
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Polarizationof electromagneticwave

Polarizatiorof electromagnetiovavedescribeghe changesn the
directionof the electric fieldvectorat a givenpoint

Linearypolarizedlight

Unpolarizedrandomly
polarized light
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Rayleighscattering
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Air moleculeradiateslike an electricdipole polarized
In the planeperpendicularto incidentbeam




Polarizationof the sky ¢ Rayleighscattering
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Byobservingthe direction of polarization information
aboutthe positionof the suncanbe retreived




Skyangleof polarizationpattern
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Vectorof polarizationis perpendiculatto the plane
of incidentandscatteredlight

POLAND




Angleof polarizationof the sky
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In gelnerallhé positiohof the éuncan be determinedby
knowingthe angleof polarizationfor two arbitrary points
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Theoretical

part

Experimental

part

wLightpolarization
wLightscattering
wSkypolarization

POLAND

11



Experimentalsetup: full-sky camera

[Camera on elaripod}'_.a>

Linearpolarizer
with possibility
of rotation

[ Convexnirror

[ Observedmage}
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Polarizingmaterials

Dichroicmaterials

Twoortogonal One ofthe
componentsof o o components
the electric field getsabsorbed

Polaroidsheet Tourmaline




Transmissiorthrough ideal polaroid
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Transmissiorthrough ideal polarizer
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Transmissiorthrough perfectly absorbingpolarizer
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Transmissiorthrough perfectly absorbingpolarizer

All the unknownscanbe found by placingthe
polarizerin three different configurations

We measurethis by We want to
analyzinghe image find the angle

S 1 ;
Partiallypolarizedlight Itransmited _E Iunpolarized # plarized CoS g




Geometry ofthe system

Picturepredictedafter
the reflection

\

For Sun omhe zenith

We hadto modify the preditionsfor the angleof polarization
to accountfor the geometry ofthe setup
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Clearskyangleof polarization

Experiment

Original
picture

i
2

0

I
naIH
|

i
4

ENES

POLAND

19




Cloudyskiesangleof polarization
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Original
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Experiment !

20

POLAND



Cloudyskiesangleof polarization

Thepatternis still observableHoweverits muchmore
noisydueto the movementsof clouds
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Polarizingmaterials

Birefrigentmaterials
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Tourmaline

Calcite
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Doubleimagefor
unpolarizedight!
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Detectingpolarisationwith calcite

Calcite
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LCDscreen

[ Twodots

Theimageobservedfor linearlypolarizedliight dependson the anglebetween
the polarizationvectorandthe axisof the calcite




Imagechangeaupon the rotation
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Theaccuracyof findingthe directionof polarizationdependson the accuracy

of comparingdarknesdevels
25

POLAND




Accuracyof comparingdarknessevels
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Mathematicaappletshowingthe dots for different degreesof polarization

Testson 30 peoplewere conductedto find out how well
they canspotequaldarknesgosition
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