


17 . Vikings

According to a legend, Vikings were able to navigate in an ocean even during overcast 
(dull) weather using tourmaline crystals. Study how it is possible to navigate using a 

polarizing material. What is the accuracy of the method?
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Presentationplan

ωNavigatingwith sun

ωLightscattering

ωSkypolarization
patterns

Theoretical
part

ωFull-sky
measurements

ωPoint-source
navigation

Experimental
part
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Navigationusingsunposition

Sunposition.info

Locationand date

Sun altitude

Geographical
direction

We shalltry to determinethe positionof the sunby studyingthe
polarizationof the sky
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Polarizationof electromagneticwave

Polarizationof electromagneticwavedescribesthe changesin the
directionof the electric field vectorat a givenpoint

pE

uE
Unpolarized(randomly

polarized) light

Linearypolarizedlight
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Rayleigh scattering

Air moleculeradiateslike an electricdipole polarized
in the planeperpendicularto incidentbeam



Polarizationof the skyςRayleigh scattering

By observingthe directionof polarization, information
aboutthe positionof the suncanbe retreived

Unpolarized

Partially
polarized

Fully
polarized
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Sun

Observer

Observedpoint

Vectorof polarizationisperpendicularto the plane
of incidentand scatteredlight

Skyangleof polarizationpattern



POLAND 10

Angleof polarizationof the sky

In general, the positionof the suncanbe determinedby 
knowingthe angleof polarizationfor two arbitrarypoints



POLAND 11

ωLightpolarization

ωLightscattering

ωSkypolarization
Theoretical

part

ωPolarizingmaterials

ωFull-skymeasurements

ωPoint-sourcenavigation
Experimental

part
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Experimentalsetup: full-skycamera

Convexmirror

Camera on a tripod

Linearpolarizer
with possibility

of rotation

Observedimage
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Polarizingmaterials

Dichroicmaterials

Polaroid sheet Tourmaline

Twoortogonal
componentsof
the electric field

One of the
components
getsabsorbed
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Transmissionthrough idealpolaroid
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Transmissionthrough perfectly absorbingpolarizer
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Partiallypolarizedlight

Transmissionthrough perfectly absorbingpolarizer

p uE E+ qAll the unknownscanbe found by placingthe
polarizerin three different configurations
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We measurethis by
analyzingthe image

We want to 
find the angle
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Geometry of the system

We hadto modify the preditionsfor the angleof polarization
to accountfor the geometry of the setup

For Sun on the zenith
Picture predictedafter

the reflection
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Clear skyangleof polarization

Experiment Theory

Original
picture
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Cloudyskiesangleof polarization

Experiment Theory

Original
picture
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Cloudyskiesangleof polarization

Thepattern isstill observable. However, its much more
noisydueto the movementsof clouds
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CalciteTourmaline

Polarizingmaterials

Birefrigentmaterials

Double imagefor
unpolarizedlight!
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Detectingpolarisationwith calcite

LCD screen

Calcite

Twodots

Theimageobservedfor linearlypolarizedlight dependson the anglebetween
the polarizationvectorand the axisof the calcite
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Imagechangesupon the rotation

Theaccuracyof findingthe directionof polarizationdependson the accuracy
of comparingdarknesslevels.
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Accuracyof comparingdarknesslevels

Mathematicaappletshowingthe dotsfor different degreesof polarization

Testson 30peoplewereconductedto find out how well
theycanspot equaldarknessposition
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