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7 Stress patterns in melting ice revealed with 
polarising filters (background image) 
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Electromagnetic waves (radio waves, light, X-rays…) 
are produced when charged particles accelerate. The 
waves are transverse: electric and magnetic fields 

oscillate at right-angles to each other and to the direction of 
travel. The electric field is parallel to the charged particles’ 
acceleration (1). 

In plane-polarised radiation the electric field is confined 
to one plane. But when radiation is produced in many 
short, overlapping bursts, with no preferred field direction, 
the fields oscillate in all planes containing the direction of 
travel, and the radiation is unpolarised (2). 

A polarising filter transmits components of electric field 
that are parallel to its axis. It absorbs all other electric field 
components and their associated magnetic fields. 

When plane-polarised light passes through a filter whose 
axis is at an angle θ to its E-vector, the emerging light has 
its E-vector parallel to the filter axis (3). Its intensity, I, is 
proportional to amplitude-squared. 

When unpolarised light passes through a polarising filter, 
the emerging light is plane polarised with its E-vector 
parallel to the filter axis. The transmitted intensity is:

I = I0〈cos2 θ〉 = 
I0

2
where 〈cos2 θ〉 (= ½) is the value of cos2 θ averaged over all  
angles (4). 

If the emerging plane-polarised light passes through 
a second filter with its axis at 90° to the first, the light is 
completely absorbed (5). Changing the angle between the 
filter axes varies the intensity of the transmitted light (see 
Exam talkback, pp. 18–20). 

An optically active material, for example sugar solution, 
some liquid crystals and some solids under stress, rotates 
the plane of polarised light (6). 

The angle of rotation, β, depends on wavelength as 
well as on the thickness of the material and its optical 
properties. When white light travels through an optically 
active material placed between two polarising filters, 
colours emerge at different angles. The rotation produced 
by a stressed material depends on the stress, so the colours 
reveal high- and low-stress regions (7). 
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3 A polarising filter absorbs components of 
plane-polarised light and rotates the plane of 
polarisation
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2 Unpolarised and plane-polarised radiation, 
looking along the direction of travel
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4 The transmitted amplitude, E (a), and 
intensity, I (b), depend on angle, θ
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6 An optically active material rotates the plane 
of polarisation
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Polarised light

5 Crossed polarising filters produce extinction




