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Exam Waves and Optics – 3 February 2012 
 

P. Dendooven 
 

Questions and answers 
 
Question 1 
 
Show how right-circularly polarised light can be obtained from the superposition 
of two linearly polarised harmonic waves with perpendicular polarisation 
directions. First give the expressions for the two individual waves and their 
superposition. Then show that this superposition represents right-circularly 
polarised light. 
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Question 2 
 
The superposition of N waves with the same frequency (

€ 

ω ) but with different 

amplitudes (    

€ 

E0i) and initial phases (  

€ 

α i), 
    

€ 

E = E0i cos(α i ±ωt )
i=1

N
∑ , can be 

written as: 

  
where: 

  

  
 
Assume that all waves have the same amplitude:     

€ 

E0i = E01. What is then the 
intensity of the superposition, expressed as a function of     

€ 

E01 and N, for: 
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a) non-coherent waves; 
b) coherent waves in a point where all waves are in phase ? 

Describe the results in the context of the principle of conservation of energy. 
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Question 3 
 
White light impinges perpendicularly on a thin oil film (refractive index 1.30) 
on a glass substrate. The reflected light is extinguished at a wavelength of both 
525 and 675 nm. 
1. How thick is the oil film ? 
2. Which orders of interference minima are involved ? 
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Question 4 
 
A plane wave with intensity I0 and wavelength 

€ 

λ  impinges on a rectangular 
aperture in the y,z-coordinate plane. The intensity in a point P at a distance     

€ 

r0  
past the aperture is then given by: 

  
C and S  are the Fresnel integrals. The variables u and v are related to the 
coordinates y and z in the aperture (relative to the perpendicular from point P on 
the plan of the aperture: 

    

€ 

u ≡ y
2
λ r0

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

1 / 2

  
    

€ 

v ≡ z
2
λ r0

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

1 / 2

 

 
u1, u2 and v1, v2 correspond to the edges of the aperture in the y and z directions. 
 
Now consider a square aperture with sides of 2 mm  that is being illuminated by 
a plane wave with intensity I0 and wavelength 

€ 

λ  = 500 nm. The point P is 
located at a distance     

€ 

r0 = 4 m past the aperture, perpendicular on the middle of 
the aperture. 
1. Show that in this situation Fresnel diffraction takes place, and not Fraunhofer 

diffraction. 

orde 525 nm 675 nm
0 100.96 129.81
1 302.88 389.42
2 504.81 649.04
3 706.73 908.65
4 908.65 1168.27
5 1110.58 1427.88
6 1312.50 1687.50

dikte olielaag
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2. Determine the light intensity in the point P. For this, use the Cornu-spiral 
shown below (the variable w has the meaning of either u or v, depending on 
the coordinaat being considered). 

 
The Cornu spiral. 
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