
Photonics – series 2 (Chosen solutions of Helmholtz equations, superposition principle)

Total: 40 points (30 points + 10 „beauty” points)

We use following solutions of Helmholtz equation:
- plane wave: U (r )=U 0⋅exp(i k⋅r ) ,  where k 2=k x

2+k y
2 +k z

2=k 0
2 n2

- spherical wave: U (r ,θ ,ϕ)=
U 0

r
⋅exp(i k⋅r ) , where k=k 0 n

- cylindrical wave: U (ρ ,ϕ , z )≈
U 0

√ ρ⋅exp(i(k⋅ρ)) (approximate solution for x2+ y2≫λ2 )

In formulas above n  is a refractive index, k 0=2π /λ=ω/c=2π f /c=2 π/cT is a 
wavenumber,  λ is a wavelength in free space, ω  is an angular frequency, f  is a 
frequency, T is a wave period,  k=(k x , k y , k z) is a wavevector, U 0∈ℂ is amplitude.
We assume the following  time dependence: U (r , t)=Re(U (r )⋅exp(−i ω t)) .

Problem 1 (3 points):
(Plane wave – one-dimensional description with time; wavelength, wavenumber, period, 
propagation, graphic representation)
- Calculate period, wavelength and wavenumber of plane wave U (x )=U 0⋅exp (i k⋅x )  if 

f =473,6THz
- Which of these values will change once wave enters water? Find water refractive index (f.e. Use  
http://refractiveindex.info)
- Consider wave propagation in x direction in free space and water. Plot the amplitude of electric 
field in different time moments for x in range of several wavelengths.

Problem 2 (3 points):
(Standing wave as a result of two wave interference – one-dimensional description with time 
dependence and graphic interpretation)
Consider two plane waves described in previous problem, propagating in x and -x directions. 
- Calculate result of interference for different amplitude ratios between two waves. Plot results for 
different phase shifts and moments of time.

Problem 3 (3 points):
(Young experiment – wave interference behind two slits)
Consider two cylindrical waves from infinite slits, middle points of which are located in points 
ρ0

± =(±d / 2,0,0)  , appearing for d =10λ as a result of laser illumination. Assume different 

wave amplitudes U 0
± . Calculate distribution of intensity I (r )=2 〈∣U (r ,t )∣2〉t=∣U (r )∣2  in 

slices (x ,hn ,0) for different values of  hn≫λ  and for slice (0, y ,0) . (Alternatively, same 
problem can be solved for spherical waves).
- What is the distance between interference maximums?
- How does interference pattern change if both amplitudes U 0

± have different moduli and/or 
phases (complex arguments)? Describe physical conditions under which inequalities may appear.
- Compare light intensity in interference maxima with light intensity in case, where one of slits is 
closed.



Problem 4 (3 points):
(Addition of intensities of spatially incoherent light)
Assume that relative phase between two sources in previous problem is random ( U 0

+ =U 0
−⋅e iϕ , 

where ϕ is random variable). For absolutely incoherent light distribution of ϕ is uniform in 
range [0,2π) . Calculate light intensity in same slices as in previous problem, averaged over ϕ .  
Compare light intensity to the intensity of light from one source.

Problem 5 (3 points):
(Huygens's principle)
Consider light diffraction on a narrow slit of finite length (e.g. a=20λ ). Calculate the intensity 
distribution at a distance h=200 λ  from the aperture. Use Huygens law (assume that aperture is 
an aggregation of close spherical wave sources).

Problem 6 (3 points):
(Graphical representations of wave equation solutions – intensity, constant phase surfaces, slices)
Consider three solutions of Helmholtz equations in the xy plane – plane wave, spherical wave and a 
cylindrical wave (for x2 , y2≫λ2 ). Plot intensity and constant phase surfaces for these waves in 
xy plane.

Problem 7 (3 points):
(Interference of several plane waves – two-dimensional description, graphical representation, 
intensity, constant phase surfaces, dependence on amplitudes and relative phases)
Plot the interference of at least two plane waves with different wavevectors located in xy plane. Plot 
the light intensity and constant phase surfaces. Can you approximate the beam of a finite width and 
a given propagation direction using a superposition of a larger but finite number of interfering plane 
waves? 

Problem 8 (3 points):
(Plane wave – three-dimensional time-fixed description; functions: unwrap, contour, slice)
Determine the wavevector of a plane-wave from the given wavelength and propagation direction 
defined in three dimensions. Plot two-dimensional slices of the intensity and constant phase 
surfaces Arg U (r )=const .

Problem 9 (3 points):
(Creation of interference pattern from cylindrical waves)
Consider N sources of cylindrical waves, located at (0, p⋅dy ) , p=[1,2 , .. N ] . Show the 
interference result in plane (x , y )  for different dy>λ .

Problem 10 (3 points):
(Animation of plane wave propagation; functions: getframe, movie, pause)
Create an animation of waves presented in problem 1 showing the evolution of the wave-field of a 
planewave in time.


