
Instructions 

• To run the slideshow: 

– Click: view – full screen mode, or press Ctrl +L. 

– Left click advances one slide, right click returns to 
previous slide. 

– To exit the slideshow press the Esc key. 



Malus’s Law 
KS5 



Polarisation Recap 

• What is meant by ‘Plane Polarisation’? 

 

• What types of waves may be polarised? 

 

• Other than using a polarising filter, give one 
way in which visible light may be polarised. 



Solutions 

• Plane polarisation describes waves which 
oscillate in only one plane. 

 

• Polarisation is a property of TRANSVERSE 
waves. 

 

• Visible light can be polarised on REFLECTION. 



The effect of a polarising filter on 
polarised light 

• Passing plane polarised light through a 
polarising filter reduces the amount of 
transmitted light as the filter is rotated. 

 

• The amplitude of the transmitted wave may 
be easily calculated using trigonometry. 



Transmitted Amplitude 

• It should be clear that the amplitude of the 
transmitted wave can be calculated by resolving the 
initial amplitude into perpendicular vectors. 
 

•   A0 Amplitude of incident wave. 

•   A, Amplitude of transmitted wave. 

•   Amplitude of absorbed wave. 

•   θ, Angle of rotation between two filters. 

 

𝐴 = 𝐴0𝑐𝑜𝑠𝜃  

θ 

Where: 

A:  Transmitted amplitude 

A0: Incident amplitude 



Transmitted Intensity 

• Recall that the intensity of light is directly proportional to the 
square of the amplitude. 

 

• This gives us the following relationship: 
 

 

                  𝐼 = 𝐼0𝑐𝑜𝑠
2𝜃 

 
• This is known as Malus’s Law. 

 

Where: 

I:  Transmitted intensity 

I0: Incident intensity 



Malus’s Law Apparatus 

• The removable cartridge  contains 
two polarising filters that can be rotated relative to 
one another. 

• The analyser contains a light source and a sensitive 
photo detector, the output voltage of which rises 
linearly with light intensity. 

• By measuring the proportion of light intensity 
transmitted at varying angles Malus’s law may be 
verified.  



Experimental Theory 

• Malus’s law states: 
𝐼 = 𝐼0𝑐𝑜𝑠

2𝜃 

• Rearranging gives: 
𝐼

𝐼0
= 𝑐𝑜𝑠2𝜃 

• As output voltage from the analyser rises linearly 

with intensity, plotting 
𝑉

𝑉0
 against 𝑐𝑜𝑠2𝜃 should 

yield a gradient of 1 if Malus’s law holds true. 

 

 

 



Taking Data 

• Malus’s law applies to ideal polarising filters 
where there is zero transmission at 900.  

 

• Setting the dial to 900 and taking a reading 
from the analyser will yield a non zero result.  

 

• In order to obtain good data how will you 
correct for this? 



Results 

• Initially take readings at +/- 900 in order to 
establish Vmin This value will have to be 
subtracted from all readings. 

• Secondly take reading at 00 this is Vmax 

• It should be clear that V0 = Vmax – Vmin 

• Record values for Vmin and V0  



Table 

• Draw a table for your results. 

• You need to include columns for: 
– q 

– V 

– Vc (Corrected V) 

– Vc/V0 

– cos2q 

• Leave enough space for angles ranging from -900 
to 900 and don’t forget to include the units.         
(if applicable) 



Results 

q0 V (V) Vc (V) Vc/V0 cos2q 

-90 

-85 

-80 

-75 

-70 

-65 

-60 

-55 

…. 

Vmin:                                               V0 = Vmax – Vmin: 



Graphical Results 

• Plot a graph of Vc/Vo against cos2q  

• Ensure your points fill as much of the page as possible and 
you choose sensible scales, do not forget to include axis 
labels. 

• You should have two values of Vc/Vo for each value of cos2q, 
this is because. 

𝑐𝑜𝑠 𝑥 = 𝑐𝑜𝑠(−𝑥) 

• Draw a line of best fit through your results and calculate the 
gradient. 



Analysis of results 

• Look at the value for your gradient. 

• Use this information to make a conclusion. 
(Hint: Write down the expression in the form y=mx+c) 

• Try and explain your conclusion 
mathematically. 

 



Graphical Results 

• Gradient: 0.99 

• Intercept: 0.03 

• Expressing in the form y=mx+c: V/V0 = cos2q 

• V=V0 cos2q 

• Malus’s law is verified. 
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Summary Questions 

• State Malus’s law. 

 

• State the significance of the 𝑐𝑜𝑠2𝜃 term in the 
expression for Malus’s Law 

 

• Vertically polarised light of intensity 50Wm-2 is 
incident on a polarising filter whose axis is 
rotated 150 to the vertical. Calculate the intensity 
of transmitted light. 



Solutions to Questions 

• Malus’s Law: 𝐼 = 𝐼0𝑐𝑜𝑠
2𝜃 

• As transmitted amplitude is related to 𝑐𝑜𝑠𝜃 
intensity must be related to 𝑐𝑜𝑠2𝜃  

• Using Malus’s Law: 
𝐼 = 𝐼0𝑐𝑜𝑠

2𝜃 
𝐼 = 50𝑐𝑜𝑠215 
𝐼 = 46.7𝑊𝑚−2 

 

 


